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Abstract: Objective To explore the stability of Octavius 4D system in the three-dimensional dose verification of volumetric

modulated arc therapy (VMAT). Methods The responses of semiflex ionization chamber and Octavius 729 detector array to field

size, dose linearity, dose rate linearity and output factors were assessed for 6 MV and 10 MV beams. When Octavius 4D system

was running, the angular deviations between inclinometer and gantry were measured. With gantry in rotating state or fixed at

0°, the two-dimensional dose distributions of (10x10) e’ arc plans and VMAT plans were analyzed with 3%/3 mm criteria. VMAT

plans were assessed by 3%/3 mm gamma analysis standard. Results A warm-up dose larger than 6 Gy was essential for detector

stability. Dose response of detector array was linear, and dose-rate measurements were stable at different nominal dose rates.

During rotating irradiation, the angular deviation of accelerator gantry angle and rotation angle of Octavius 4D phantom was found

to be within 0.4°. When 3%/3 mm criteria was applied, the average gamma passing rate of three-dimensional dose distribution
were 96.03% and 95.56% for VMAT plan with 6 MV or 10 MV beams. Conclusion Octavius 4D phantom combined with Octavius

729 detector array is a stable device and is reliable for pretreatment verification of VMAT.
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Fig.1 Octavius 729 detector warm—up (a) and cool-down (b) with 6 MV X-ray
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Fig.3 Dose rate linearity of Octavius 729 detector and

semiflex ionization chamber



b

2 61 HYRTE, 55 . Octavius 4D R G ka2 VERIE /0BT - 631 -

2.4 SHEFHIHEF

i FH$5 7Y, 25 %5 1 Octavius 4D R G847 5 B 4y
PRI A R T Y A B TR B R T i AN —
0, W 25 AN 58 A —F, (H A ) A ) e 4
AL ABRI RS, i 4 PR o

1.2 a—"t
A

5 e ————

5 104 v

&L 08 ;5:/’—4 —=— 10MV Octavius 4D
‘g‘_ —e— 10MV Water

5 o6 —4- B6MV Octavius 4D
) ol —v— 6MV Water

T T T T T T
0 5 10 15 20 25 30

Field Size /cm

&4 Octavius 729 RN F0 semiflex B 5 =N 15 AV 5T B4 H B F
Fig.4 Output factors measured by Octavius 729 detector and

semiflex ionization chamber

2.5 FEEUANHZRHE R X 3 2R N

Octavius 4D F 4t 38 12 £ B A5 I sk as HLAE ] 25
e e axk e v P A A B O 25 /N T 0.4°, TN EL S TR o
(10x10) cm® 5 B Jicé 2 HEUS 5 iy 8 1 B9 HR A0 A L,
A HTFRIEN 3% /3 mm F12%2 mm i, 6 MV 110 MV
B 4 50 43 A 1y 38 3R O 100.0% . 99.3% F
100.0%.99.6% . 12 A [A1 ] 73 51 5 1 6 MV
10 MV X 12k VMAT 1181, FLZE M VA% 5 e i 1R 45
NS B4 — 2 550 AT AR E 3, 20 BT R R 3% /3 mm
H12%2 mm i 6 MV 33| 19134 v 3 52 %5 99.4%
94.8%,10 MV 11414 99.9%.97.9%.

—u—CCW,
1.0 —e—Cw
0.8
% 4
?EO‘G_
g <4
— 0.4
E
8 ]
é' 0.2
S 1 °
= 0.0 l\ ] n
£ %7 T .
= -0.21 T e
= ] ~ N\ —
= 0.4
= ]
q>->06
a
-0.84
o4+ 7+—
-50 0 50 100 150 200 250 300 350

Gantry Angle /°

5 Octavius 4D RE S5 MIRBIEE LHEE N R E RE
Fig.5 Angular deviations of Octavius 4D system and accelerator
gantry at synchronous rotation
CW: Clockwise; CCW: Counter clockwise

2.6 laPRERES

12 A [R5 A57 g 4 6 MV 10 MV X 54k i
VMAT 3] = 4 50 5 53 A7 56 6k 1) - 35 oy 3 o 5y
96.03%7%1195.56%

33 g

IRZE AR /R T Octavius 4D 2R G E e s IR ST
] v ) 3R 2ok B AT AILAORS B . D S, AR
ST T DR AR 25 7853 1e) 7 2 T B, TRERGR] i —
B 6 Gy (~800 MU) » fEHLAF 1L 5 min 5247 i i
PITEOLT BRI RS0 2312 2, 3K B i PR Tl iR A ek
AT O AE o X At L B8 5 RN 2% [ 2] [m] A 5 222 il
o [RIREHD X TR RN AR B A A, TR R )
AR IS SN A R Uk 2458

H R BEECR T 5 MU B, Octavius729 4 I 25 1
semiflex H, 25 % ) d 2 1 o 0 2 — By o H 4 AH O
SCHRARE ", S BREK T 4 MU S, 48 780 B 25 28 1) )
AR RARE 1Y, IR 2% FE SR 25 7= A KT 2% 19
WA 22 o i ATE ISR 80T T i A Ak e ot
FEPRGHEA T BR 1, 3 O b B Nk R Y 9 OG5
S 0 IE A A R AR, I g BN [ B RR A R
T, Octavius 729 #4175 F1 semiflex L 25 % (14 I 12 45
M 2E7E 1% 2 0, AT LATA R PR 2 10 10 o 295 SRR 5 57
HARR/NTCCE, FHE RV E . X 6 MV .10 MV
SRR AL, E T A A BT R B N it BN — 3K,
semiflex Hi, 2 % Fl Octavius 729 [4 51| 7E 4 B /)N 2 (3%
3) om’ (% R A AR S (A —2, 2
RLE— 2D W% semiflex HL 2 % Fl Octavius 729 F4:51 1
s B PR 2500, 75 FH B semiflex HL 25 % T
B 1A T PR A R 25 B 51 4 A5 21 4D AR A
A = O T AR HLOAL B semiflex HLES &
F1 Octavius 729 P51 7EAH R 1 [z il 45, A RE S 4f
U5 T A2 U 8 0 e S5 3 fh o AT = 1% i) 2 A —
3, Octavius 4D RGEi i /i B 5 n s ge HLAE [F] 2
Jie % 3k R v A 2 R 2 AR A R A 25, X R TR
VMAT W SEBRia Y7 it A rh , MLAR e 110 3 B AN S 50l
), AR AR DX o 3 A 5 2 AR A, ) 7]
Ak S MLC iz gl A A8 A& —FERY , i T M4
&, Octavius 4D f5 1A 5 HLAL 1 [R] 25 i i i 23 7= AR 1k
NIRRT R AL HR T e ol A bR AR SRy A 1 5 PR
M 18 7% Ry R, Octavius 4D AR 5 L2 A [R] 45 g
S AR IR R 0.4° M f B R 22 LB AE 1o/ 45 253
Bl Z 6 (10%10) om’ 5 37 Jie iz e S5 5 11 e RS
6 MV FlI 10 MV 1) — 2 50 73415 14 y e ik R AR 3 58



- 632 - Hh R B2 3546

2%, BV A3 B AR v SR FH 2%/2 mm i 3 BAT7E 99% LA
o 126G PR VMAT $HRIR H P QA B GH52015
Bl 2 500 4 o0 A A L A b, R SR AT AR K
AN, SR 3%/3 mm S AT bR RS y 38 o R A AT
W AE A bR v 2%/2 mm B, 6 MV 110 MV 5
2 VMAT 330 H: y 3 2 3253 5 T B 5% F0 2% 22 45
X F I VMAT H 72 I R T A P LR e A e ok
1445 U AR S A R MILC - A5 K5 B 28 A %o 751
O3 AR — Y H LS [ 77 R 25 7F 5% L
VEIEIR Z o i sk R 2 SR 89 LA, BR T Monaco 45
I MLC SR R4 N 0 W 0 — IR
R A T3t A b 25 7 A A S B T 7 AR Y
LB IAFAE SRRy B R, 2 MLC Y EI(Rg
JE RIS o e s A S i AR P LR e AN A Y
MLC fIr 32 1 3 B8 1 BUME S AR AN 1Y
Sl L B0 A7 K B R A= AR AR T AE (10%10) em®
Y 1) e 5% BE A i A2 MLC 288 1119 . Octavius 4D
RS % T PDD Ik i —Fh & 45 Bk, M
T ) 74 S 7R A P A 8 VR e SR
T 1) 751 it 50, 00 4 I ) 000 281 ) 3910 5 O 1)
A A R R SR R . R
Octavius 4D 2 45 K sk 27 MLAL e % 10 i A v = A AR
INER SR 22 , 12 BIAS [ IR 1) 6 MV AT 10 MV X
SFPER ) VAT 150 = 4 5] 2 40 A7 90 0F 1) SF- 1) oy il 3k
58 96.03% 11 95.56% . HiiE AAPM 1 TG 119 54
57 Basran 6 (UHRAE , SR T 3%/3 mm Yy id
F=90%E AT RIS UE S BIFRIE, AR Octavius 4D
F G5 I s 4t R X — bR

ZE PR TE ST A O T, Octavius 4D 3
S5 700 4 2 RO B2 75 20 55 0F , F T VMAT 3151
LR AR R AT R, R B R A
FEAIHLAR R 5L

[ &% k]

[1] OTTO K. Volumetric modulated arc therapy: IMRT in a single gantry
arc[J]. Med Phys, 2008, 35(1): 310-317.

[2] MC GRATH S D, MATUSZAK M M, YAN D, et al. Volumetric
modulated arc therapy for delivery of hypofractionated stereotactic
lung radiotherapy: a dosimetric and treatment efficiency analysis[J].
Radiother Oncol, 2010, 95(2): 153-157.

[3] YU C X, TANG G. Intensity-modulated arc therapy: principles,
technolosies and clinical implementation[] 1. Phys Med Biol, 2011, 56
(5): 31-54.

[4] VERBAKEL W F, CUIJPERS J P, HOFFMANS D, et al. Volumetric
intensity-modulated arc therapy versus conventional IMRT in head-
and-neck cancer: a comparative planning and dosimetric study[J]. Int
J Radiat Oncol Biol Phys, 2009, 74(1): 252-259.

[5] WOLFF D, STIELER F, WELZEL G, et al. Volumetric modulated arc
therapy (VMAT) versus serial tomotherapy, step-and-shoot IMRT and
3D conformal RT for treatment of prostate cancer [J]. Radiother
Oncol, 2009, 93(2): 226-233.

[6] LANG S, REGGIORI G, PUXEU VAQUEE J, et al. Pretreatment
quality assurance of flattening filter free beams on 224 patients for
intensity modulated plans: a multicentric study[J]. Med Phys, 2012,
39(3): 1351-1356.

[7] ZHU J H, CHEN L X, JIN G H, et al. A comparison of VMAT
dosimetric verifications between fixed and rotating gantry positions
[J]. Phys Med Biol, 2013, 58(5): 1315-1322.

(8] Hmms, 4546 Anik BAUR A AT % vk BB vH i BMEAR AL 093
viy [J]. P A S 98 5 42 &, 2009, 18(4): 317-320.

JIANG S P, LI Z H. Impact of accelerator's gantry angle on multi-leaf
collimator position accuracy [J]. Chinese Journal of Radiation
Oncology, 2009, 18(4): 317-320.

[9] SHIMOHIGASHI Y, ARAKI F, TOMINAGA H, et al. Angular
dependence correction of MatriXX and its application to composite
dose verification[J ]. J Appl Clin Med Phys, 2012, 13(5): 3856.

[10] HERZEN J, TODOROVIC M, CREMERS F, et al. Dosimetric
evaluation of a 2D pixel ionization chamber for implementation
inclinical routine[J ]. Phys Med Biol, 2007, 52(4): 1197-1208.

[11] LIJ G, YAN G, LIU C. Comparison of two commercial detector arrays
for IMRT quality assurance[J]. J Appl Clin Med Phys, 2009, 10(2):
2942.

[12] MC GARRY C K, O'CONNELL B F, GRATTAN M W, et al. Octavius
4D characterization for flattened and flattening filter free rotational
deliveries[J]. Med Phys, 2013, 40(9): 091707.

[13] 3R, fdR AR, LR, 5 40 B 147 £ TPS AL AL R b 49 5 A
(J]. WP 25 I 9 5 22 &, 2017, 26(7): 806-809.

NIU Z 'Y, FEI Z L, DUAN Z J, et al. Application of detector arry in
treatment planning system modeling adjustment[ J]. Chinese Journal
of Radiation Oncology, 2017, 26(7): 806-809.

[14] B4 &, M F, %R E, 5. Monaco 55 Pinnacle #+ %] £ %o f2 0% 2

ARAFEPIR IR R AT FRAME ST BB & &, 2015, 35
(2): 119-122.
YANG J L, LIU B Y, LU S C, et al. Comparison of Monaco and
Pinnacle treatment planning systems in volumetric modulated arc
therapy optimization for lung cancer [J]. Chinese Journal of
Radiological Medicine and Protection, 2015, 35(2): 119-122.

[15] FekAl, 218, RBR, . REMR A S et AE TR AT RE
IR ST R TR T]. P AL S 2 &, 2011, 20(4): 345-347.
RUAN CL, XU L M, SONG Q B, et al. Impact of accelerator’s multi-
leaf collimator leaves on the intensity modulated radiation therapy
dose at different gantry angles [J]. Chinese Journal of Radiation
Oncology, 2011, 20(4): 345-347.

[16] FUth, T#],»t4ri®, & RA5%HIT 3% P AR I2 RS SRR E
# B EAR[T]. P EEFHEF L E, 2015, 32(6): 892-896.

KONG W, DING L, YE H Q, et al. Dosimetric verification of practical
beam angle and beam angle returning to zero in intensity modulated
radiotherapy plan[J]. Chinese Journal of Medical Physics, 2015, 32
(6): 892-896.

[17] EZZELL G A, BURMEISTER J W, GOGAN N, et al. IMRT
commissioning: multiple institution planning and dosimetry
comparisons, a report from AAPM Task Group 119[J]. Med Phys,
2009, 36(11): 5359-5373.

[18] BASRAN P S, WOO M K. An analysis of tolerance levels in IMRT
quality assurance procedures| J]. Med Phys, 2008, 35(6): 2300-2307.

(%4 B F%)



