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ABSTRACT By comparing the application of aSi-1200 EPID and Octavius 729 detector using dose verification of
conventional segmentation flattening filter free partial RapidArc plans, the limitations and y response to the modified
multi-leaf collimator (MLC) model were investigated. CU (Calibration unit) value curves of Crossline and Inline in
fluence plots for different square field plans designed on water phantom were used to examine the effectiveness of
the backscattering shielding layer of an aSi-1200 EPID. A two-dimensional (2D) y analysis was performed on 50
plans under different tolerance criteria and thresholds (global normalization). The plan data with lower y pass rate
were imported into Verisoft software for dose reconstruction. By introducing transmission factor (TF) and dosimetric
leaf gap (DLG) deviations with different magnitudes in multi-leaf collimator (MLC) model, a total of 80 modified
dose distributions were obtained, and the y passing rates between measured doses of the original plans and the TPS
doses of the modified plans were analyzed. The results show that the CU values in the areas with dropped fields are
2~3 times higher in the positive off-axis positions, and the measured values in the Inline directions were generally
smaller than the Crossline directions for a Varian EDGE linac. Nevertheless, CU values of the Halcyon accelerator
coincided almost completely in both directions. The median and mean vy passing rates obtained from the EPID were
higher than the 729 matrix. The deviations D % between the TPS doses and the reconstructed doses based on
measurements from the Octavius 729 and Octavius 1500 matrices are as follows: D, of PGTV (-9.60%,-14.30%),
V,, of heart (-6.80%,-2.36%), V;,of Lung L (-8.11%, 15.79%), V,,of Lung R (100%, 50%), D, of Cord (3.55%,
-0.82%). With the increase in the deviations of TF and DLG, the y pass rates obtained from the EPID and Octavius
729 showed no trend of decreasing. A method to test the effectiveness of the backscattering shielding of an EPID
detector performed using linac is provided. The dose measurement results suggested that the y index obtained from
the aSi-1200 EPID and Octavius 729 detectors could not reliably identify an error-introducing MLC model, which
provide reference for the interpretation of the reported high failure rates of the IROC-H phantom tests.

KEYWORDS Conventional segmentation, Partial arc, Flattening filter free, Dosimetric verification

CLC TL53, TL72

JEHE (Flatting filter free, FFF) REER D
TE S AR € T3] AR 3 3 96 9T (Stereotactic body
radiotherapy, SBRT) Fl 374K 5 7] it 4 #h BHiR 97
(Stereotactic radiosurgery, SRS) H{f3 — & HIVG 7
PR . HCLEEIX Chnf iR AR LIRS WLk
& I R i 17— 0] 4D e 96 B 7 g RS 4 e A R
X AR H FFF R0k 4T 2 B ot Rl it H
AT A O 2 B SR AT R R VR, T, AR
Mo H5EEA (FF) 2 B 3 0 55 U7
(Volumetric modulated arc therapy, VMAT) it %l
L, FFF A RERE ARG L4 E (Organs at risk,
OARs) I & K K, 7 % 2 WM Hl % Bk 3
(Monitor Unite, MU) K3 e AH [ ISR IX 7 55, 2
HmE SR U RIPAT R . Ma s ™ i

o EAR AT BT T 698 AN T A1 R AN 17 > Sk 3
P R B ¥6 T (Intensity modulated radiation
therapy, IMRT) &, &I FFF 6 MV
10 MV BEE 1Y X P46 tH AR I [ 5 it . A5 HH &5
W HEBMERAE, RRTRRAENANH
SIL YIS e s N STE -7y W

FFF A5 77 2 2 R M v 7 3093 B & R AIE
(Quality assurance, QA) & & H A& H T H A&
&, {540 Varian aSi-500 F1aSi-1000 EPID X} &
7B 22 FFF TF RI56 UF 23 H 370 2 1 A0 242, i
A aSi-1200 EPID Bt # DMI (Digital magavolt
imager) FJSZHFFFFiHRIFIE NS, AT 52 0H
FI R M AR BE 25 (Source-imager distance, SID) 4k
M2 FE A2 HIE AR, [T 5 8
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555 B i J2 DAY/ SR B SO PR B AR BT AR
FU K aSi-1200 EPID %t H 7 48 A B2 B 50 51 A [H]
iR B AT 8 3099 E) FFF RapidAre (VMAT ) FL B %
i A<, 1 Karl Otto T 2008 £ JF %, F F 7 &
Painting B AR ANHLIX (143 7R & ™) 3B 9E T
THRIFEATISAE, F543 ) PTW Octavius 729 HL 2 = 40
BEST N, PR 5T P BRI y I 2 6 TPS
(Treatment planning system) ' MLC #7448 4k,
fma L, BT EPID #2 4L T = MRl &, S
i B PR I 5 B2 271 AT B 7 2B 1R R CRARE RS AT LA
53 BT W 75 FEF AR A8 FH o ik 8 A0 R R 12

1 MR5RE

L1 MRS

Varian EDGE H £ I i %%, 6 MV FFF 4f £k,
I % 800 MU/min B¢ 1 200 MU/min, PP BEZ
A2 B AR A BE R 4 IR S #E X . Eclipse 13.6
k& g, A O T L4k B % (Photon
optimization algorithm, PO) Zfpl— R4l i
NXMLCHF AL E . HLAE A & MU,

1.2 aSi-1200 EPID Portal Dosimetry(PD)3GiE

aSi-1200 EPID A % Ml & [f] #1 43 cm*43 cm,
RIMAFAH1 280x1 280, % 0.336 mm ™, &
% %% 1 CU (Calibration unit) X} N T 100 MU
(SID=100 cm, 10 cmx10 cm) . & {447 6 MV
FFF e IR R, AEmEE . 28, Gy
SRR AR ME, a2 T & IH — DUS B 1 &
BEHE T

1.3 Octavius IF 2%

FEAEH AR Octavius 729 H 2 = £
&R MR Verisoft 7.1 R TR AE . LRI
H 729N T A BB EAHE (0.5 cmx0.5 cmx
0.5cm), AHATHEE A OEEE 1.0 om. e HE Bk
B 4% 32.0 cm. K ¥ 34.3 cm, TPS Al Verisoft # f
B B AN B T2 N 1.016 glem®, A2 T /KA
&, 30.0 cmx30.0 cmx2.2 cm K/ O i T3
AR #, B B R 8A & — N R O AR LA
TE 24 %8 5 B A TN S5 B R ) [ A e
AR

14 MEKARGE
1.4.1  aSi-1200 EPID # # 4% 5 i & M 3%,

WX T Varian EDGE 1 Halcyon Jll 3# #% EPID
R AU BE = O, W AR AR, R
IS 43ABRI 2 cm*2 cmy 4 cmx4 cm. 6 cmx
6 cm. 8 cmx8 cm. 10 cmx10 cm. 15 cmx15 cm Al
20 cmx20 cm 77 ¥ 1@ &= K, bk i G Fl
Crossline Al Inline 1 CUE#EE, B 1 A0 &8 &=
Bl P 1. WK T B PD VR R A R e B
30 cmx30 em IR, BTt AN R/ BT 1 1
FEitXl, 4b77 100 cGy, MU%RIA 100, ¥ h0E o
B, e B AR T4 2~3 em A7 B A BT — AR I
FEANEENEE B KT 2 mm, SR 5K AH XS I A e 3)
2 AEHAT 2R R EE, K2 AE R 2
PR SE . FH BsE T EARR AR, BEEIF
F B AR BB 325 MLC 10T A T2 PD 1Kl
BE B i e e R IS OL R, PRAN T 1) il 4 1
I A 58 42 L G HLE AR Sl A7 B AR

Inline profile :

Crossline profile

1 38 = E ) Crossline Al Inline T [
Fig.1 Crossline and inline for measured dose image

2 BB O AR R
Fig.2 Verification of MLC for field in field

142 F= vk g N6E

RSAEAN )7 B3 %) PD & 45 SR K 50, $RER
10 cmx10 em KN EFAE 400 MU/min. 800 MU/min
A1 200 MU/min 138 & B, HRE oo B
Crossline ffJ CU{H..
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L5 WIESTEEE

&L 50 41 FFF & 73 9k ih- &), Herp 24 ) e /A R

JE FURBRE R, 11 4916 R R A X, 7 e
BEIX, S ALIREEIX . EvH 5 A5 fH H EPID #£
MR 22 SID=100 cm AbFREL & S Pl &, HAAHE
e, MRSy 7 S TFERE—) 1
3%/3 mm. 3%/2 mm Al 2%/2 mm &) b5 R 4G,
BIE TH5. THI10 A1 TH20, %7 RAFEBLRK
FE 5% 10% F120% B s A = 1E y s #rh T D%
f&o XFF Octavius 773, SEEERRME S RIH—
X DA A AR AT 2D y 8 2 b, ¥ 46
R PEAL J7 3, Verisoft #2F AT Xt 6 IR T 3547 2D
M3Dy @RS, S2DAFEME, 3DFHET
21 [) AF 410 2 TR 458 Hh O U P T PR R s e . g
TPS 1 i+ %15 B LA Dicom #% I 5 N\ Verisoft % A4 ,
8 FH DN 22 f ST TR B EE 2 DVH, X T 729 45 FE
13 y ik R AR T RIS H Octavius 1500 i FE &
WM. =T DVH I E 4 55 & 22 7 K8 N D,
(%), AR (1D 5, D, Dy 5 HARE D
FEBA N,
D easire = D
=0,

1.6 IFEAMTIESTREIT MLCIRE S KT
LBy y 1B 2Ry~

1Tk — A&, 8 %A TF CFl %W {E B
0.012% 43 5 8 % 5 0.013%- 0.014%. 0.015%-
0.016%-. 0.017%-+ 0.018%. 0.019% #110.020%, %

% 100% (D

2.0

18] @ —— Crossline
) —— Inline

16}

6
~

12¢
1.0
0.8r
0.6
0.4r
0.2r

Relative signal / CU

Off-axis position / cm

0 L 1
-15 -10 -5 0 5 10 15

& 10.17% ~ 69.49%) 1 DLG (¥ %1 B 0.09 cm
B 5 0.10 cm. 0.11 cm. 0.12 cm. 0.13 cm.
0.14 cm. 0.15 cm. 0.16 cm A1 0.17 cm, 3 1%
9.89% ~ 86.80%) . A% 80 MEIETIRI, HHril
SRR I AR R ETE R, KX A S B0 B T A
By y i8I AR R R, KGR ZE TR R & )
BHBIERTREAEAT vl R0, I 5
LR (3%/2 mmAnifE, TH10). B 7EMRX B
RIS T AR AE Y y PP RE T -

1.7 GitFAE

K HI SPSS 19.5 B fFxd B itk A7 70, H Sk
ITIESMERE: (Kolmogorov-Smirnov A 56 ), #5 %%
S 35736 J2 T A T WU SR ) ks FIAR, ST AR A A 56
BEATZH TR B A SR A A8 (DY 437 40 e) 0D
18, Mann-Whitney U & 1A 36 14 47 20 [A] LU %2
P Ad ] Origin 9.1 #4241 .

2 #R

2.1 HEEES R R

YA [ J7 70 5 1 Crossline A Inline Jy [l SO A
R FA Origin 1, s (B3). (a
& EDGE IR 28 45 8, o 1B 1 S il Ar 8 9 2% il
LME T, BigXE—AE CUMEZE R 2~3
%, Inline 77 ) W & {5 A4 W /)N . (b) /& Halcyon
RS HILR, Bos A5 B A LT EDGE i
THAE

16| (b)
141

——Crossline
—— Inline

lative signal / CU
o = =
© o N

o
[

(0]
X 04+

021

\

0 L
-15 =10 -5 0 5 10 15
Off-axis position / cm

B3 PP4f 6 MV FFF g @A N 8 #U5F MA 2014 ¥ Crossline/Inline 12 CR2 2 W45 O -
(a) Varian EDGE; (b) Varian Halcyon
Fig.3 Crossline/Inline profiles of Varian EDGE and Halcyon linacs to examine backscatter shielding effectiveness for 6 MV FFF
(color online): (a) Varian EDGE; (b) Varian Halcyon

22 FIEXREKN

Hi & 4 AT M, AN [R5 R 2 1 CU i

EAVEMRGE, MG R XA X ML 5E 4
A (ER<0.5%), RYGERPIXPD 245
DB A5 RS2 52 T A
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Fig.4 Crossline profile at different dose rates

0

2.3 505 FFF i+ XII8IELE

% 1 °] &, EPID [ il 2 HhE A5 {E 3
mT 7295, IEASYER LS 45 R, X EPID H
4 3%/3 mm (TH20) F12%/2 mm (TH20) PZL%T
EIER 43, Octavius % ZHFE A IR IE S 40 A
KX} 3%/3 mm (TH20) F12%/2 mm (TH20) #
HBHRAT RS, HAREIR R AL, AR
BT 95% BAS R IX AT

#1 AFFHETE2D yEdR

Table 1 2D vy pass rates for different criterion

FrifE Octavius 729y  BEASXIA(95%) /% aSi-1200 EPIDy BIZXIW(95%) /% Z/t 14 pla
Tolerance criteria ﬁiia{e Sof)’ ¢ Confidence interval ﬁifsiat/e s(f()) ¢ Confidence interval Z/t value  p value
Octavius 729 aSi-1200 EPID
3%/3 mm (TH5) 94.90(3.40) [94.34, 95.89] 99.75(1.65) [97.60, 99.89] -2.268 0.023
3%/3 mm(TH10) 94.90(3.40) [94.31,95.87] 99.70(1.70) [98.19,99.92] -5.554 0.000
3%/3 mm (TH20) 95.10 + 0.38 [94.20, 95.79] 98.20 + 3.90 [97.96, 99.04] -0.509 0.621
3%/2 mm (TH5) 91.45(5.65) [87.68, 92.49] 98.25(2.35) [96.83, 98.78] -5.400 0.000
3%/2 mm (TH10) 91.45(5.75) [87.56, 92.69] 98.40(1.90) [97.11, 98.86] -6.196 0.000
3%/2 mm (TH20) 90.55(6.68) [87.12, 91.98] 97.90(2.60) [94.92, 98.57] -5.855 0.000
2%/2 mm (TH5) 88.00(7.55) [85.68, 89.04] 94.65(9.15) [90.35, 95.10] -5.525 0.000
2%/2 mm (TH10) 87.95(7.63) [85.48, 89.67] 94.10(11.05) [91.19, 95.10] -5.685 0.000
2%/2 mm (TH20) 88.07 + 5.29 [86.22, 89.11] 90.80 + 10.20 [87.68, 91.75] -0.709 0.279
2.4  Octavius 729 F1Octavius 1500 FE 2 =5 R4 (a) Octavius 729 o - Verisot
EERSIHENEMHRESEXL 1007 \
— 0% 1% EPID il Octavius 729 % % 753 5| {1 N ol
FEARA GRS, I FHAAID  gey
yIE S 5 AT (88.2%, 3%/2 mm ARk, THI0), S 40|
R R m . Rk %H ¥ £ 1) Octavius 1500
FERE (FE 1405 AN 2, BELIAIEE 0.707 cm) 20
SN, 133D vy il it % 4 89.6%, ¥ TPS it %I 54 0

N\ Verisoft A, 43 il 4 FH I & 77 & # 2 DVH
(Dose volume histogram), 7] Hi 8 2 F1 TPS 115
Al Z )& PR ZE U IR X, SEIX AT OARS [ H
R E A A D, X AE LT R R4
w22 (M TPS M KR SHD W R, &K 2=
KT +5% & XONE 1 Il PR AT 4232 1 71 &k 2250
, B M GTV M PGTV 1D« D,y M D,,,
Heart ) Vyo» V,, A1 D,_.,» Lung L 1 Lung R [ V..
Vs Vo M1D, s Cord 1 D,,., KILEE /48 bRAF1E
KT 5% HifwzE, WE SR, fERIT T RO%E =
B AR ERECRZE SR, JHFA I T VPl .

80
< . Spinal cord
3 60— : 3
£ Heart -\
S 40\

24
Dose / Gy
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(c) Octavius 729

®

100 -
801
60 |
40|

20|

Dose deviation (DD, %)

e
—
e

mean e
LungL Ve
Lung L V,
LungL V, L

LungLD .. I

LungRV, T

Lung R V,;

Lung R V,;
Cord D

60 (d) Octavius 1500

Dose deviation (DD, %)

o—1

<«

—
—
ot

<

= s £ e
= £ 2§ 5 8
L 2 £ 3 8 &

Lung L Vg
Lung L V,,
Lung R V,
Lung RV,
LungR V|
Cord D

Lung L V,
LungL D

5 Verisoft S #F TPS THE ) DVH X EL : (a)Octavius
729 HiL I 5 A B B 5 A 1 DVH ; (b) Octavius 1500 HI B =5
HE RN £ FE A 1 DVH; (¢)Octavius 729 Ml 2 FE # 5 TPS i}
S HR 7 #LIX AT OARSs ) 11 73 75 B i 22 5 (d) Octavius 1500
Wi # 4 5 TPS THE 4 #EIX A OARs ' 49771 & i 22
Fig. 5 DVH Comparison between reconstruction and
calculation: (a) DVH reconstructed by Octavius 729 detector;
(b) DVH reconstructed by Octavius 1500 detector; (c) D% of
partial targets and OARs between Octavius 729 reconstruction
and TPS; (d) D% of partial targets and OARs between
Octavius 1500 reconstruction and TPS

2.5  Octavius 729 F1 aSi-1200 EPID Xt % it S¢ it
TF #1 DLG £ ¥0A% ) v 18313 &g &7

VA SR BRI T RIS Y ) HE AL S O T TPS
F BB 3 & MLC S R A& F i BE 71, MLC 4
Canm Jr TF A1 DLG) X T S &AL i i 55 & 2 K
B, N SEIE GBS N A MR RE,  Varian I 8%
#MLC M BT A, X S8 e S e A
Z g g e WA A X . Eclipse i6
57 1F % & %538 1 DLG Ab B8 [8 T v 1 5K 3 0
MLC # N Hi, 7EAbF 7 & h 5 R ol i
e AR (Leaf tip) K% FE R Fr (K035 5t
BN I R 9 vty A3 3k K L B DLGE I — - Kk #
g1, NIsE AR A% (Leaf pair) 2 8] (8]
FR%%E T DLG, HIE—4FEAE 1 DLG 32 2)%A B

RO Py A IR S S R . AR BT TR X A 2 H
BIGFR0 y il T SRR S b, Bt yiE
¥ b2 TF A1 DLG {25 TPS T & (¥ 34 i &2 B
%, (HBEH TF M1 DLG f ZE 8 B HIE R, m AR s
AR y I R AEHE ESR BRI RS,
X873 TF A DLG {8 v 383 FANE S T ol P AR e
I N

(a) vy passrate/ %
0.020 [972 977 966 957 957 952 951 951 '

0.019 197.1 |953 968 958 953 958 964 959

0.018 975 955 974 964 }8531 962 957 954 963
0.017 1974 %4 975 97.1 954 955 963 96.1 952
ﬁ?ﬂli‘ 969 973 968 961 956 96.1 958 953
0.015 -57.1 975 969 965 966 963 966 EESNOSS

Transmission factor / %
[ =}
o
=2
()

0.014 1975 982 976 973 969 967 964 958 956
0.013 1982 977 972 974 973 972 965 962 959

) 977 978 974 974 972 %67 965 96.1
== 1 1 1 1 1
0.09

1 L
0.11 0.13 0.15 0.17
Dosimetric leaf gap / cm

(b) y pass rate/ %
0.020}787 775 788 826 854 822 808 806 866

0.0191-79.1 846 809 87.1 837 862 837 817 854

0.018 794 813 786 843 83.1

0.017. 799 789 824 827 859 803 816 836
0.016 -848 785 79.1 809 815 786 818 813 852
0.015}844 772 788 813 823 836 832 827 819

0.0141-821 773 781 791 803 827 829 842 848

Transmission factor / %

0.0131798 773 785 787 805 813 836 838 863

0.0121779 733 774 807 833 842 833 854

1 21 1 1 1 1
0.09 0.11 0.13 0.15 0.17
Dosimetric leaf gap / cm

(c) y pass rate / %

0.020[819 81.9Was.9 852 1823 835 887

0.01981.1 87.1 818 879 817 868 833 846 888

0.018 813 817 827 833 828.827 823 819
0.017|nm;8:m 843 841 819 821 818 838
0.016 873 845 818 841 833 .84.5 839 887
0.015 [852 847 819 841 838 856 857 855 878

Transmission factor / %

0.014 -84.4‘81;‘1 827 833 851 837 853 868 874
0.013 849 832 829 847 833 858 879 883
0.012 [814 838 826 842 842 859 871 875

1 1 1 1 1 1
0.09 0.11 0.13 0.15 0.17

Dosimetric leaf gap / cm

6 A[FIMLC TF M DLG B f v i % .
(a) aSi-1200 EPID; (b) Octavius 729 el R T 5 ()B4
Fig.6 v pass rate at different MLC TF and DLG:
(a) aSi-1200 EPID; (b) coronal of Octavius 729; (c) phantom
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A 5248 FH aSi-1200 EPID 1 Octavius 729 HiLES
500 B X 8 A4 E1) FFF RapidArc #4393 97 1%
BEAT T AHSCIMNR . EPID S 458 45 44 v (1 4 J S 14
LY H 1105 1) 5275 ) B R K, e & 5
il e R R s B L H %2 aSi-1000 EPID
i | PDPC (Portal Dosimetry Pre-Configuration)
H 00 FLACE R SO RS OE MY, T aSi-1200 EPID
FER T BN B Bl 2 o /R X — B A B
JH I PE B K ARAAR AN [F] 75 Y 18 & & Crossline A1 Inline
J7 ) CUAE#E)EE, W T Varian EDGE 1 Halcyon
Bk #% EPID 1 BUG BF il = AR, 45 R E R
Halcyon £ Il 4% %5 4™ J5 17 CU {H §& 55 & & AR 47
EDGE JIT3 #5% 5 B v o0 X 380F0 - 52 X I F- 58 4 5
H, MIER S EREXME S, F—AE
) CU M 2 53k 2~3 1%, Inline J [ W 5 {5 % 44 i
Ny KT 10 emx10 om 5 BT 5 2% i1 28 7 25 e 35 5 ]
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