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[ Abstract ] Background and purpose: Accelerated go live (AGL) is the entire management process for medical accelerators
from installation, commissioning, modeling to radiotherapy implementation. Compared with the traditional time-consuming
accelerator acceptance process, AGL has established a set of gold standard models based on the big data of thousands of medical
accelerators, which makes the accelerator installation greatly optimized in the data acquisition and modeling stage. This study
aimed to evaluate and verify an efficient beam modeling method for Monaco treatment planning system (TPS) using golden beam
data (GBD). Methods: Two Elekta Infinity™ linear accelerators with agility head in the Department of Radiation Oncology, Fudan
University Shanghai Cancer Center, were installed and matched with the GBD. Then, a customer acceptance test (CAT) and beam

model validations were performed on measured percentage depth dose (PDD) and profile for open-field (OF) point-doses in a three-
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dimensional water tank. Furthermore, a total of 16 clinical cases from different sites were used for radiotherapy planning design,

measurement and dose analysis to validate and verify the accuracy of the beam model. Results: For beam model verification, the

agreement of all validation PDD and profile was larger than 90%, and the majority point passing rate was larger than 95% (99.4%

for linac 1 and 98.5% for linac 2). For point-dose validation, 96.8% and 97.2% of OF point measured were found to be within 2%

agreement of TPS-calculations for linac 1 and linac 2, respectively. The deviation of R50 and R90 between TPS calculation and

measured were within 3 mm at all evaluated points of electron beam. The Gamma passing rate for all plans was greater than 90%

when using 3%/3 mm criteria, and point-dose agreement was within 3%. Conclusion: Compared with the traditional accelerator

process from installation to commission, the Monaco TPS modeling process AGL based on GBD can not only ensure the model

accuracy, but also shorten the entire process time, which has the feasibility of clinical application.

[ Key words ] Golden beam model; Accelerator acceptance; Treatment planning system
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Fig. 1 Timeline at glance of normal time to commission a linac and AGL and the workflow of AGL

A: Time comparison; B: Workflow of AGL.
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Tab.1 Measurement carried out for photons and electrons

Measurements Equipment SSD D/em  Depth D/cm Field size/applicator (cm”)
In-plane and cross-plane IBA compact ionization chamber Field size (photons): 3X3, 5X5, 10X10, 30 X 30,
}r)oﬁle p CC13™ and CC06™, 3D Blue 90 5,10, 20 40 X 30; Applicators (electron): 6 X6, 10X 10,
p Phantom™ water tank 14 X14, 20X 20, 25X25
IBA compact ionization chamber 9 Field size (photons): 10X 10, 40 X 30;Applicators
Depth dose CC13™, and CC06™, 3D Blue 10(’) (electron): 6 X6, 10X 10, 14X 14, 20X 20,
Phantom™ water tank 25X25
IBA compact ionization chamber
o
60° Wedge depth dose and (| 31 3 Blue Phantom™ 90 10 10X 10, 40X 30
profile
water tank
. Farmer chamber PTW 30013, 3D
’ X
Absolute dosimetry water phantom PTW 100 Zeff 10X10
Farmer chamber PTW 30013, 3D Applicators (electron): 6 X6, 10X 10, 14 X 14,
Output factor water phantom PTW 100 Zeft 20X 20, 25X 25
1.3 IlaAkfEH
FEEAINE SR AT, ALK o 4
SVIRN N Sp Y N — o N S Yy |
BT RIS AR e, VIR HL 2 B R e =
BE20204E9 —20214F2 A iy 16 AR &R 2.1 CAT

ki . FLWR . Wi . Bk ) &8F
HATIESEEIE T (intensity-modulated radiation
therapy, IMRT ) FIZFURETEIT ( volumetric-
modulated arc therapy, VMAT ) G741t M
M 25 58087 114 i Monaco TPSf 13 mm X
3 mm X 3mmAEIHE M, ZFRERITTHENS
HATHERE N 1%,

1601 J 5 b Ty K ST BARAE B

(1) 401 ~ IV AL Sk S50ER 98 R A8 18 &b 5774
4704 Gy (2.2 Gy X323k , BT BERT
TR S

(2) 44511 T,N,M o733 LRI S YRR R 50
Gy (2 GyX2543IK ) , 9MUIZES,

(3) A1 T 451 /N 240 i o 9 582 2 5~ 91 54 B8
SR 60 Gy (2 Gy X303 )

(4) 4Bk L ZEREME (TS ) BB, ik
SR 7~94 58, #EIX AR T5 77550 Gy (2
Gy X 2553k ) &
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Fig.2 Measurement and reference values of different quantities at different depths and field sizes

A: 6 MV; B: 6 MV FFF; C 10 MV. All were measured at 3 depths (5, 10 and 20 cm) with a field size of 30 cm X 30 cm. The green and magenta color
represent the data of linac 1 and linac 2, respectively. The deviations valued in in-plane and cross-plane were depicted in solid dots and squares.
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Tab.2 Results of beam penetration quality and wedge factor

Linac 1 Linac 2
Item Energy Tolerance
Reference Measured Reference Measured
Beam penetration quality* 6 MV 67.5% 67.4% 67.5% 67.5% 1%
10 MV 73.0% 72.6% 73.0% 72.4% 1%
6 MV FFF 67.5% 67.4% 67.5% 67.5% 1%
6 MeV 20 mm 19.6 mm 20 mm 20.18 mm +0.5 mm
9 MeV 30 mm 30.1 mm 30 mm 30.19 mm +0.5 mm
12 MeV 40 mm 40 mm 40 mm 40.00 mm +0.5 mm
15 MeV 50 mm 49.9 mm 50 mm 50.20 mm +0.5 mm
Wedge factor” 6 MV 0.265 0.266 0.265 0.2659 0.002
10 MV 0.28 0.28 0.28 0.281 0.002

*: For X-rays, the penetrative quality was the percentage dose at a depth of 10 cm (D10), measured in relation to the maximum absorbed dose
on the radiation beam axis. For electrons, the penetrative quality was R80 (cm). Rx defined as depths on the electron PDD curve at which the PDD

beyond the depth of dose maximum zmax attain valued as X%. *: Wedge factor W} = #, where W was the average of the average dose at

collimator 0°, 180° (W = w ).
2.2 HIRAEBIIGIE 222 Jr% (open field, OF) &7 =Fsir b BT
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Fig. 3 Gamma analysis between measurement data of accelerator 1 and TPS calculation data

A: 6 MV, open, SSD was 90 cm, 10X 10 cm, Z profile was 100.0% passed; B: 6 MV, open, SSD was 90 cm, 10X 10 cm, Z profile was 99.6% passed,
C: 6 MV, open, SSD was 90 cm, 10X 10 c¢m, X profile, depth was 5 cm, was 100.0% passed; D: 6 MV, open, SSD 90 cm, 10X 10 cm, X profile, depth

was 5 cm, was 100.0% passed
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A: Point dose pass rate for linac 1; B: Point dose pass rate for linac 2; ¢: Delta 4 measurements pass rate for linac 1; D: Delta 4 measurements pass

rate for linac 2.
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