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[FEZ | B R 5507 A1 3 & ik 2 ROR IR LG B3 MAT S AR $5 A5 2500806 77 (VMAT) 3% 69 fe s bk . J73% : REALIE IR
18451 3k 203K AR Fo 23R &, R A Synergy 1. Synergy2 A= VersaHD 3 & Anig Z 4271 571 5148 VMAT 7% 77 3+ X1 Plang,. ... »
Plang,... 7 Plany, o Fl— VMAT %] (6 MV X J+H2%) 53 £ 3 & Anik AT, RN & & £ 4= Deltad 550 & 26,35 &7 &
iR E A AR Z 4 F y il £ (3 mm/3%) .. EHIAT VMAT XS , &5 Ffedasdfl & a9 ml &4 R 504677+ X% 24 (TPS)
T SaG 25 R PR 45 3 & Anik 5 ORI IL AL VMAT %) Z 334769 471, 465 :Plang,,,,,, 7% 4% £ Synergy .Synergy2 .
VersaHD AT B, W47 64 & 55 & 5 TPS i+ - 6940 £ 55 #1-0.27%=0.87%.-0.88%=1.74% A= 0.37%+2.18% , | & 4y A8 5 7] &
5 TPS 3+ fiAart ,yi83d 4451 4 99.84%+0.31%.98.89%+1.32% #7 99.16%+1.12%; Plang,.., 3 X1 251 /£ Synergy1 . Synergy?2 .
VersaHD #h47 B4 69 5.5 & 5 TPS #+ F- 4915 £ 55 A 0.24%+1.98%.0.15%=+1.97% F2-0.09%£0.66% , M & 69 A8 4 7] & 5
TPS# F A8,y il it & 55 A 98.75%+1.38%.99.77%+0.42% #= 99.41%+1.66%; Plan,, ., 71 %1 % %) /£ Synergy 1 .Synergy?2 .
VersaHD AT B i 469 %77 & 5 TPS #+ 56945 £ 25 H 4-0.57%+1.07%-0.42%+2.10% Fo-1.55%+1.62% , M & 44 482+ 7] & 5
TPS 3t A8k, y il it F 551 4 97.79%£1.61%.98.75%+1.37% F7 99.78%+0.60%. F£ 3 & Anik 35 7 i /T VMAT X ¥, %
B AR £ 349 1 3% VA W, AT B4R £ 64 yal it F 3G 18 95% vA L 30 R IE R-B R, G583 & EARA mik B R (6 MV X5
%) B )5 T B H AT VMAT 3 X1 .
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Analysis of dose accuracy for swapping VMAT plan across 3 Elekta beam-matched linear

accelerators
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Abstract: Objective To investigate the possibility of swapping volumetric modulated arc therapy (VMAT) plan across 3
beam-matched linear accelerators. Methods Synergyl, Synergy2 and VersaHD were used to generate VMAT plans named
Plang, ..., Plang.., and Plan,, ., for 18 cases with the tumor located in head and neck, chest and abdomen, or pelvis. The
same VMAT plan (6 MV X-ray) was executed sequentially on 3 accelerators. The absolute point dose error and relative three-
dimensional dose distribution with gamma passing rate (3 mm/3%) measured by ion chamber and Delta4 were compared
with the results calculated by treatment planning system for assessing the feasibility of swapping VMAT radiotherapy plan
across 3 beam-matched linear accelerators. Results The deviations between measured point dose of Plang,,..,, executed on 3
accelerators (Synergyl, Synergy2 and VersaHD) and TPS calculation were (-0.27+0.87)%, (-0.88+1.74)% and (0.37+2.18)%,
respectively; and the comparison between measured relative dose and TPS calculation showed that the gamma passing rates
were (99.84:+0.31)%, (98.89+1.32)% and (99.16+1.12)%, respectively. For Plang,,..,, the deviations between measured point
dose and TPS calculation were (0.24+1.98)%, (0.15+1.97)% and (-0.09+0.66)%, respectively; and the gamma passing rates
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measured point dose and TPS calculation were (-0.57£1.07)%, (-0.42+2.10)% and (-1.55+1.62)%, respectively; the gamma
passing rates of relative dose were (97.79+1.61)%, (98.75+1.37)% and (99.78+0.60)%, respectively. When VMAT plan was

swapped across 3 Elekta beam-matched linear accelerators, the point dose deviations were within the range of +3%, and the

gamma passing rate of relative doses were higher than 95%, meeting clinical requirements. Conclusion VMAT plan can be

swapped across 3 Elekta linear accelerators after beam match (6 MV X-ray).

Keywords: linear accelerator; beam-matched; volumetric modulated arc therapy plan; swap execution; dose accuracy
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[Fi] it LR A [ BIL Sk 235 4 19 om , PTCH 22 65 ek 2%
DR 8 A — SR B PR A i AR Ak L S
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VersaHD Fl W & o o BC & f 3 &% Synergyl .
Synergy2. 3 5 I &5 L A AH 7] (9 Agility HL3% , (245
T4 R0 AL 5 mm (1) 80 X Z2 M. AW 50KE A [F]
T ASE i 98 %) 25 BRE B U 5 SR 9T (Volumetric
Modulated Arc Therapy, VMAT) i 1% 7F 3 15 B RFk 0
HAF BARBAT , R H = A =4 R 451 Deltad
G300 W2 i A PRAT TS 4 R B RORE G = 4 5
B9k 3 & ek #% 53697 7140 R 48 (Treatment Planning
System, TPS) DU 22 [A] B4l (1) — 2tk , SE A [ml iy 7
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HERfR R .
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Synergy 1 [ HR , 35 2 3 5 il 3845 3 U B A9 225K o
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T A T v R R AR A, 3 1 BB IR 0 A DT

(A BE B AL 4G i R aE i . 1R /E 2R FH Monaco
BT RS . s RS R PTW &Y .CC13
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FIRH S 0 R
1.2 R 3E M

(el JE 1 3 B P 2 A2 38 R 2 55— B i 15 B 2018 4F
3 H F 202145 3 A IR Bk 2505 | kg J 58 A0 235 s 3 v
Jei FB A 3L 18 4], HL v S mie g B 3 0 TR AR 3
o] v B fii R R85 30 B R R 3 01 T A g
SR 3 e SO R 3 ) . PR 62 % (48~70
), Hr B 120, Lotk e ),
1.3 Ak
13.1 3BERNAMESSICA LR NS kI
5 LN T R IR ) EER T E . 7E 3 B
6 MV X S bR i S BF [ (10x10) em? ] Y F7 43 1 JEE 5
g (Percent Depth Dose, PDD) H', /K~ 10 cm 5] i
{ELUE B 9E B AE 1% LA o 76 3 S hnadide v, A0 R 5 5
PDD () Hb 3, 422 B8 3 mm (14 15 25 15 [ P4 751 2 0 22 3%
) S BCR GETRRvE (3 mm/3%) , vl i R A F 100%;
X HHERAE (10%x10) em®F1(30%30) ecm® B B IR T, B
il o 2 2l BT A A A5 O B R SR 1% LU
P53 5 0 A BT [((3%3)~(40%40) em’ ] B %
F 2 A b, 4 8 2 mm/2% B FRUE , v B G Rk
F]100%.
132 CTREML A B R MEM , AR [ 2
& i o KL CT B 48 E fi HL (Big bore, Philips
Medical Systems, Cleveland )47 CT i i A4 . 3k
ZUER bR R A2 R A2 (6] B A 3 mm , AR A7
JipgRd B 2 A2 B B R 5 mm, S S AL
% EF}HA Monaco V5.2 TPS.
1.3.3 THRIFIE MRl BB AR 7R B A TR, 2
G 1Y im R i 9 1 & 8 X (Planning Target
Volume, PTV) Fll 1 ) #% B (Organ at Risk, OAR) 7,
T E PTV AL J7 7] 5 F OAR FREE . &0 i [ & o b
PGTVnx A1 &0 X ik [ 2% X 38 PGTVnd 4b J5 71 i Ky
69.96 Gy/33 WK, WL IIfii R g kb PTV 4k J7 51 48 4 66 Gy/
339K, FEBIHE L 45 X 38 PTVnd2 4b 77 571 K 54 Gy/28
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W il M8 PTV AL J5 7 0 60 Gy/30 Ik, &
FUE PTV b 75 74 K 50 Gy/25 YR, Tl 9 B 98 J5t % 95
JEAb 7 4 R 70 Gy/35 U, Ik B 45 DX 3k Ak Ty ) Ry
50 Gy/25 K . Wy PRGN FH 3 {5 B bk fin i e 455 70 4
i o3 ) % B 491 B R AE VMAT 3R, R B 6 MV BE
i, B ) VMAT 3151, FH Synergy 1 #5274 il 1
WG R 44 0 Plang,.,,, , MU SRR ZE
4 Synergy?2 Fl VersaHD #E U it & , 7150 735!l iy 44 Ky
Plang,,,.,., fl Plany, .o 9 VMAT 310 5% FH #8411
RN (180°~30°1F 330°~180°) , 45 i VMAT %1 %
3 BEFEIR 9 (180°~225°, 330°~30°, 125°~180°) , H
A MR AR VMAT 3 40 5k H 360° 73R I . fir A
VMAT 330 e /N B 55 BE % B8 7 mm, TH5E A% 3%
B2 mm, RAZERE R IR, FZ R R PR
AN B R BN T 1%,

1.3.4 EERAE DA RIS I 45 7] 2 A5 1 A5
RS M HE o FEARSUE Z 10, R4 TG 142 #4512
SR X3 5 B bR N 25 9 45 T4 A (L8 B 43
FFA AR 43 ) HEATRTI 0 O% 3 55 I 2 1 45 T4 AR
KB EOR TR A I 4% B B R T REMLAY
TAEA277 44535k %) 3 G IE 2519 6 MV X B £k
HEAT IR AR, 76 (10%10) em® K/NFHEF R, in ok 8
HER 100 MU B, 7K Hrebuo il E e R R BE AL () )t
41100 ¢Gy. #5345 K F PTW Universe 7] & X Al
PTW 30013 %k, Zeaed i [T e A o e e o A X 711
) 2 1% #5 % H Delta4 (ScandiDos, Sweden) ., % #E
i #E [ — & Deltad 16 3 65 11 2§ 43 501 42 1 .
Deltad 1 /i 41 75 246 Xof 77) st A% v AR X 7 A o o 4
Xof 77 42 4 5% ) PTW Universe 7 54 1 PTW 30013
1.3.5 FFRISEIE 150 56 0E A0 455 4 ok o5 30 42 56 1E A1 AR
D | = | SO 4 S0 0 | = 11 O 4 )
I A IBA PREL 47 CT 4, F146 2 5 F1 2 ] 15
89 R 3 mm. EIMZ 4% i 2 Monaco TPS. ¥ H& )
IS8 AR IBARBIENSR T, R A 510 VR
) A T B3R AN S B AT B A% = RS
19 B = B R L AR AR a7 D o
K B S A A IBA PRB Y XK T 28R T
PR b AR AR O KT 48 25K f B & o0 B T ARG
St b AT B TR, PTW ) G A3 sk
o R I Y R i, S TPS TS A A, At
VFIR2ER43% o et o 700t Fsf, 00 o B A 3 A
FEHH A X3, AR = g i vh 158 TPS
HoRE B TR 2505 A B Deltad JE A T, SR
SRR AR R A T 5550 N B RO I A
1155 Deltad 1) = 4 7 5t 73 A . LUK Deltad BT 0

FEAHAIT IR, I 8 P AT IR, Deltad I 5 i = 4
A5 oA 5 TPS TR 45 A L, SR y 43 # 7
P PE AL TR B R R 4l AAPM TG-218 it
A0S ARHIF S (N 10%, 2R 3 mm/3% (1)
y AR UE v I FEh 95% UL B 7 A AR T

18 51 £ 35 43 0 3 & HILAR AR AL i 7 3 4l 114l , 4
AR Plang,,.,,, Plang,., Fl Plany, e 5F—1 VMAT
THRI2 5078 3 f BERFA IR B AT, R B =
1 Deltad 43 50 £ 246 X 557 750 0 158 2 AU X = 4 751k y
W, VMAT F50) B 48 i a5 551 2 F0AF X6 50 2t 1 1
AR TPS T A4S S LR, VAl 3 & s 25 SR
P fE VMAT H-5) B A TR T £ 5k
1.4 FitZE0H

K FH SPSS Version 19 &4 %F B4 47 50 Mt , XF
WO ZH 558 LA R R B (K2 56, P<0.05 22 A Giit

RYRETSSV
E5-9'88

21 RFIEWIEER

il — VMAT 341 (6 MV X 4% ) 23575 3 5 B
IR AR AT , H S 5 00t ) R dE R 25 A5 SR R 1
FER VPR o A T 50500 i 56 UE 45 SR 347 3% LA
P, 3 £ I 245 BRI D S st 3910 0 25 S 0 A2 N R
%K, Plang,,,,,, 7F Synergyl . Synergy2 . VersaHD $i1 7
045 19 5 B 5 TPS TR B4 i 22 Y 1R R -2.96 %~
2.90%, Plang,,,, 7£ Synergy 1 $HAT [ 55 7 i 1R 22 /N T
£ Synergy2 F1 VersaHD 17 19 1& % (¢1=11.145,
13.532; P<0.05) . Plang,,,, £ Synergyl. Synergy?2 .
VersaHD #1719 &5 ) & 5 TPS i1 5 19 fw 22 75
H-2.90%~2.90%, Plan,, f£ Synergy2 $17 1 £ 5
iR 22 /N T 7 Synergy1 Fll VersaHD 41T A iR 22 (1=
8.703, 8.816; P<0.05) ., Plany,, it ¥ 7 Synergyl .
Synergy2 . VersaHD #4474 55 1) 2 5 TPS 155 119 it 22
TR -2.92%~2.95% . Plany,,, 1T £ VersaHD $4,
A7 I 8 5 55 B 2R 25 /N TFAE Synergy 1 Fil Synergy2 $44 7
(1% 22 (=11.469, 10.594; P<0.05) . & 1Al A, 5
Plan,,,,,, Fll Plany, ., /1 It , Plan,, .., 75 3 5 0138 45 P4
TRy IR ZE /N
22 M ZHFIEWIELER

[A]— VMAT 31X (6 MV X B£k) 4357 3 &5 =R
BT AFHAT , Deltad I 155 A0 AH X — 28 551 5 25 SR an &1
2HRIER 27 o PP AT TR B ARG 0] ik Bk y 3 i 63
TE95% VA L=, 3 13 03k 4% UL VG JC J AF G = 4 741) o 5
IE 45 SR W 2 IR K % 5K . Plangy,,,, 7E Synergyl .
Synergy2 . VersaHD $HA T i AH X 1 it 55 TPS 1157 L 4%
(1) y 3 i %68 95.10%~100.00% , Plang,,..,, f£ Synergy1
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==®== Synergyl vs TPS ==®== Synergy2 vs TPS ==®== VersaHD vs TPS

e+ Plany, 7 3 B MEBHITH S FIRIZES T

F1 BEENENSFIES TPSIHELERMIRELLE (%, 7 + 5)
Table 1 Dose error analysis between ionization chamber

measurement and TPS calculation (%, Mean+SD)

Tk 2% Plang, ...  Plang, ..,  Plany p
Diffy, 115705 0276087 024£198  -0.57+1.07
Diffy 1105 088174  0.15£1.97  -04242.10
Diffy, im0 037£2.18  -0.0940.66  -1.55+1.62
Diffy e ymena 0614196 -0.10£2.89  -1.13+2.42
Diffy iy v 001 0.64£1.99  -0342.07  -0.15+2.68
Diffy s s syneress 1254226 -0.24£1.94  -0.97+1.88
Diff Ay 5] 5t 1 i 2

AT HY v 18 o R KT FE Synergy2 Fl VersaHD $04THY p
i 13 % (=6.312, 6.169; P<0.05) . Plang,,,,, 5 5l 7¢
Synergy1 ,Synergy? , VersaHD {17 ) #H %) 5] 5 5 TPS
TR A y 3 34 95.20%~100.00% , Plang,,,,, 1K1
TE Synergy2 $H A7 [ v 8 i # K T 7E Synergy! Fl
VersaHD 417 9 y il 1 % (.=5.924, 6.286; P<0.05) .
Plan,,,., 1T %] 43 %] 7€ Synergyl . Synergy2 . VersaHD
AT AR X 57 4 5 TPS 7T 8B FL 8 Y v a0 R R
95.00%~100%. Plany,..., i T %I 7E VersaHD 447 A y i
i /N F7E Synergy1 Fll Synergy2 047 19 y il i %
(=9.223,5.982;P<0.05) ,

I P AMIE TS HIE , AR VS B J i A 2 8] B A

VT I A9 9] 2 200, L 4 i i R 1~ PDD s Bl )
SR R SFIN B2 MLC 0 88 B \MLC 3B AL
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b:Plan,,.. .73 BMERRITH ST BIREN

1 BEENEMNSTES TPSHELERNWREDH
Figure 1 Dose error distribution between ionization

chamber measurement and TPS calculation

A MR A DL Ak A A — RN R
LA AR TR) 0% ol #8503 T, T AT o o 4 RO
DERC YA o A HRU U BE N T I DR 2 i 2 42
B UE A AL ARSI T 3 6 BERF A I 5 R
VLRCJS , [ — VMAT %1 (6 MV X HF2k) 78 3 5 /i
5T M PRAT , A1 H HL 2 2 F Deltad 0 5 25 551 5 FIAF G
SR A MERR PR PEAL 3 {5 2% R U DT C Y o
k.

TE I g £ 3 AR PN R0 o A B AR A KA DX B, g
FR i 22 5% 23 T BUMRE 1 8 3 10%~20% B2 1L,
IE 8 22U 0 25 5% 23 5 308 M 3% 5 RN IE #2141
It K RE A 20%~30% AYAEAE7 . Krishnappan %5
XoF R — A= 77 T 58 HARABCAR it DR TC 1Y 6 15 00 38 26 14
I7 31 R0 0550 & b B, = 4E IS B S iR 97 (three
Dimension Conformal Therapy, 3DCRT) . I 5% it 5} i
J7 (Intensity Modulated Radiation Therapy, IMRT) I
VMAT 3 fiz K5 i 22 4 2.60% , ~F- 24 i 22 /)y T
1.90%, X & B AR AMORIFR VC BEi, [ — ) A ] #l 5
P4 T 2 A5 U 4 7 o 2% S L T 3% Kang 46
XA F SR UG T A A AR K] L 3, AN [R) B i ATAS [
BT A i 8 R IE A R AR 25 BN T 1%,
DL LB R 45 A5, ARG VG B S5 i S 5T
Bn 22 /N, AL 3 5 I A48 SRV Ee R,
3 B IS SR T 25 /N T 0.1% , 2 45 1 43 A o
R 22 /N T 1% AR A [FFR AL [F— VMAT
THOAE 3 G N &% 2 BIA T, I8 %) o5 ) B iR 25 39 7
3% LA Tl R I IR EESR . 7 B AR I 12 B R
() IMRT A1 VMAT 3131 (6 MV fig i) , 76 7 15 A It T
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c:Plany, . 7E 3 B IEFNITH yiBIT R D

2 Deltad M EHEIFIE v BT RELBREER (%, 7 + 5)
Table 2 Gamma passing rate analysis of relative dose
measured by Deltad (%, Mean+SD)

g FuEs Plang, ey Plang, ,.r.y> Plany, un
Ysynerayl vs1es  99-84£0.31  98.75£1.38  97.79£1.61
Ysynergy2vses ~ 98:89£1.32  99.77x0.42  98.75£1.37
Veoatpoetes | 99.16£1.12 99.41£1.66  99.78+0.60

T 14 0 3 7% (VersaHD #1 Synergy) 43 54T , F1 H
FL 2 S 0 ) 5 I A 1 SR S TPS A EL R 25 47
A 0.32%+1.32% F10.54%+1.29% , Fir A7 %) 5 7]
WRZEBTE3% UUN, X SRR R 8. £ %
SN BE B 1S 91 Sk B0 B R ORD R R e R R Y
3DCRT FIMRT 3], 43 51 78 3 it VC L J= 9 6 15 sk
i 38 SR, s R i fe KRR 22 0041 2.36% F1-2.8%,
ERTE /AN T AW GRS R, X 0] R iR HAR
ANTA 30, VMAT 3% tb 3DCRT #l IMRT i %1 &=
F R R 00 1 ) 1R 25 PR T AR AROR S BRI
FE Y R B KR 22 AR K . Ashokkumar 452 3£ HL
30 {1 3k 350 Bl 58 A0 R R E VMAT 3R, 78 3 5 o)
Tt DT THC (4 0 T 4 28 SCPRAT , 0 4t 1) ) 1R 25 7 3%
AN, 3% S AR 45 R — 30

TEAHXT = 4 57 & %k 7, Plan,,,,.,  Plan,,, Fl
Plan,up £ 3 5 AR ST B, v 38 28 587 B (E ¥ 7E
98% LA I a7 BHAEVBE S 5] S M 58 EX I A5
AU 78 IX 0 28 $0A T, AHXE R A y 38 0 %2 (3 mm/
3%) 1 92.46%+3.62% [ 2 90.30%+3.14%, “F- 4R i
TE2% L b o ARBFSEAH, VMAT HHRI7E 3 6058 &%

—
(=3
W

(=
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b:Plan, .., 7 3 & MEBHITH v BEES T

[E 2 Deltad M EHIHEN =L v BT E S
Figure 2 Gamma passing rate of three—dimensional

dose measured by Deltad

BE SCPAT , ARG 5] 2 3 2o 58 4% 3 mm/3% AR ifE T 24 i
FEARA/INT 1%, /N TARSE W SE AR 45 2, AT Re R ik
VAL 0 A R DR D)1 B e S N /7 B T U LT S
XoF 38 o) AR A BE AR K . X R WA LRSS, 1)
TEAS ] 0 825 28 SCHRAT B, A 0 5] £ 3 3 %6 1 A2 Ak
MR B B /N o T A AETY BRI 12 451 BB 35 IMRT Al
VMAT i3] (6 MV fig 1 ) , 75 5 Uit VT e 7 95 15 i 3
A AT, FH Arccheck I & AH X 7 &y 18 1 2K, 3%
18 3 mm/3% R bR i, 3 i ZR 28 T 95% , FL 65 ik
A AT R P g ) R 25 7R 0.09%, 25 S5/ N T ACHIE
FEAR . XA BB BB A O, ArcCheck Fl Delta4
PR SR E8 B T R B Sk o A B RSk
AR L P4 AR 22 5%, CEAR [R] y A v iE o AR 1 43
IENIERE YA 21 e

[l N 2 0T S AT PR 65 500 B DAY LR
JNEE A% o XA VL EL S PR 5 N A5 e H — 2R
Bl , B AT ROT R AT HiE  E T AR VC
Hp R AR — 2 o 3 5 A 78 55 SR T o A 1) A 9 K DL
Witi. ARWFFELEET, 5 Plan,,,,,, fl Plan,, ., ML,
Plan,,,,,,, 7E 3 5 JIEE &5 P T 18 5050 158 22 T /N R X
Fl ey R . X R 3 BN AR, Synergy2
s (6 MV X 5 2k) B 38 G5 S e IR A E I, aT /R
R 3 5 T A A AR AR

A B UELS SR rf, Plan,,,,,,, 7E VersaHD $HA 7 Hif
SR S A6 = A 7] 2 38 2 R BN A I R K
2% 351 J# % TPS H Synergy 1 £ B4 5 45 Hh 59 MLC offset
(B PRI BE M B R WE 222K ) J5 |, Plang,,,.,,,, 75 3 £ I A% 119
B UFZE B R IG REER o X R BT % MLC R {7



9 R, A 3 B EERHIA AR AU VE BC 5 BAR AT A BURERE VR 5 iU 7 TS A5 S e 1k 20 A - 1075 -

B B0 U R B A, H MLC A & N AR b
g AU B U TR T B S | S 42y 1B 8 ) PO i
Bt 25 PR A DR 2R T MILC B9 BE 5L, i i 2% MILC 1Y
I 2 R AR T AN 2% MLC {37 ' 7 24 1E ]
WA o, 075 3 & 0 2% MILC A4 07 B 76 1 FH i 72 v
5 Ui i PR — 2K, R 3 5 i A AR UL 4R 4 DT AR
UE o TE UL VC HC BT oy, 5 B R 3 & 2% AU
DERCHEAT R B 56 UE , ARE 3 5 ek 2% 4 A # v
R DT B R R EESK
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