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Photon energy synthesis method on medical linac for radiotherapy
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Abstract: Objective To propose an energy synthesis method that can fit photons with any known intermediate energies through
high- and low-energy photons and compare it with the existing method. Methods Percentage depth dose (PDD) and off-center
ratio (OCR) are two important characteristics that affect the calculation accuracy of the beam model. The study adopted the PDD
and OCR of the gold standard data (6 and 15 MV beams) of Varian TrueBeam accelerator, and used the least squares fitting method
-10 MV). The E_,-10 MV was compared with the gold standard data (TB-10 MV), and the

proposed method was compared with other fitting method for validating the feasibility and validity of the method. The accuracy

to fit the intermediate energy (E,
of the energy synthesis method was further verified by experiments with 3D water phantom and the actual cases of different tumor
sites. Results Compared with the energy synthesis method that only considers PDD, the proposed method obtained the E,-10 MV
with increased PDD root mean square error under each size of the field and reduced OCR root mean square error (especially for
fields above 20 cm), and the root mean square errors of PDD and OCR were all less than 1.0% and 0.5%. The experimental results
of the proposed method on 3D water phantom and the actual cases were also better than those of the energy synthesis method that
only considers PDD. Conclusion The energy synthesis method that considers both PDD and OCR is superior to that only
considering PDD, and the differences in PDD and OCR between E,,-10 MV photons and TB-10 MV photons are trivial. The

consistency of 3D dose distribution in different radiotherapy plans for 3D water phantom and the actual cases is high. Therefore,

syn

the synthetic energy photons can replace actual energy photons for clinical treatment.
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Table 1 RMSE of PDD and OCR between TB-10 MV and E,,—10 MV for two methods (%)

‘ . J7 8 R
Ik ZH
3cm 4 cm 6 cm 8 cm 10cm 20cm 30cm 40 cm
AR RMSE,;, 0.46 0.51 0.50 0.50 0.52 0.58 0.77 0.85
RMSE 0.10 0.12 0.16 0.16 0.22 0.27 0.34 0.39
W 2614 5k RMSE,,, 046 050 047 047 044 031 033 035
RMSE 0.11 0.13 0.20 0.21 0.32 0.55 0.86 1.05
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Table 2 1D-Gamma passing rates of PDD and OCR between TB-10 MV and Esyn—10 MYV for two methods (%)

Ty B R
Dtk R
3cm 4 cm 6 cm 8 cm 10cm 20cm  30cm 40 cm
ATk OCR 5cm 100.0  100.0  100.0  100.0  100.0  100.0  100.0  100.0
10 cm 1000 100.0  100.0  100.0  100.0 1000  100.0  100.0
20 cm 100.0  100.0  100.0  100.0  100.0  100.0  100.0  100.0
30 cm 100.0  100.0  100.0  100.0  100.0 86.1 81.5 83.2
PDD - 99.7 997 99.7 99.7 99.7 99.7 99.7 99.7
Wu el oCcr 5cm 100.0  100.0  100.0  100.0  100.0  100.0  100.0  100.0
10 cm 100.0  100.0  100.0  100.0  100.0  100.0  100.0  100.0
20 cm 100.0  100.0  100.0  100.0  100.0 67.7 47.4 473
30 cm 100.0  100.0  100.0  100.0  97.4 46.1 39.6 22.8
PDD - 99.7 99.7 99.7 99.7 99.7 99.7  100.0  100.0
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Figure 1 PDD of TB-10 MV and E,,—10 MV for two methods
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2 FH7TER TB-10 MV FIE,,—10 MV £ OCR Bk B 7R
Figure 2 OCR of TB-10 MV and E_,-10 MV for two methods

3 MG EF B A R 75 74 89 PDD #1 OCR R & 45 5R (%)
Table 3 RMSE of PDD and OCR for two methods in the wedge
field (%)

‘ ‘ TRt
Fik 28
4cm 10cm 20cm 30cm 40 cm
A RMSE,, 0.54 063 0.79 097 1.07

RMSE,, 0.8 026 036 050 049
WuZloljrs:  RMSE,, 053 046 033 031 047

RMSE,, 020 042 078 118 128

J7EF R SE 40 em 7R X=30 cm F1 Y=40 cm A2 58

R4 HERESTE AT A PDD 1 OCR # 1D-Gamma i#53 # (%)
Table 4 1D-Gamma passing rates of PDD and OCR for two
methods in the wedge field (%)

‘ FrEFR
Jrik RE

4cm 10cm 20cm 30cm 40 cm
P OCR 5cm 100.0 100.0 100.0 100.0 100.0

10cm 100.0 100.0 100.0 100.0 100.0

20cm  100.0 100.0 100.0 100.0 100.0

30cm  100.0 100.0 100.0 922  90.6

PDD - 99.7 98.0 99.7 99.7 99.7

W 2ol OCR 5cm  100.0 100.0 100.0 100.0 100.0
10cm 100.0 100.0 100.0 98.4 91.8

20cm  100.0 100.0 732 64.7 55.6

30cm 100.0 883 57.1 381 285

PDD - 99.7 99.7 997 99.7 99.7
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F 6 B0EE T 5 I AR 491 1 7 4L S [ T B R
%1957 & 4 A1 B9 3D-Gamma 285 5 , Gamma 43 H1 fif
FH 5% 774 PEAS B A A 1%/1 mm PEAG AR . A SOy
BT R Ay 38 ) A e iy R 97.4%,
Wu S5 T 5 461y 3 2 A X AR, S5 1K y
R 92.7% , G REL A R 2%

I FH T 9015 B P B o i i i o S R R T
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0 030551055 0 5 10 15 20

—2]0 —ll5 —IIO —é (I) é l(l) ll5 2IO
B S fem B B fem
b: Wu 175 5%
3 B S thE 75 SA R TB-10 MV A E,,-10 MV EJ OCRHIE &
Figure 3 Differences in OCR of TB-10 MV and E,,-10 MV for two methods in the wedge field

5 BM7TER TB-10 MV R E_,~10 MV P ¥ 3D-Gamma 534745 R (%)
Table 5 3D-Gamma analysis results between TB—10 MV and Esyn—IO MY plans (%)

‘ ) 7R
Jrid VagiIanta
3cm 4 cm 6 cm 8 cm 10cm 20cm 30cm 40 cm
R 1%/1 mm 97.4 98.2 98.9 99.7 99.6 95.4 87.3 87.7

2%/l mm  100.0  100.0  100.0  100.0  100.0 99.6 99.6 98.2
Wu 250615k 1%/1 mm 95.7 98.9 98.8 99.8 94.9 74.3 31.7 24.7

2%/l mm  100.0 100.0  100.0  100.0  100.0 99.8 99.6 94.4
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IRl AL R R AR JE S, TIIE H 48 Flify it

Wl S T 20037 50 A AG IO BRI 5
¥}, L &% 3DCRT . IMRT 1 VMAT $ R4
FEATEGE B Wu S5 1 R 25 B4 T OCR
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Figure 4 Gamma distributions on the central plane of 3D water phantom for two methods
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Table 6 3D-Gamma passing rates of 5 clinical cases (%)

WikeS TR 3DCRT IMRT VMAT

ATy ik Case 1 (JRifiEsR) 99.9  100.0  100.0
Case 2(FLAE) 97.7 97.4 99.1
Case 3(Jlifif) 99.6 99.6 99.7
Case 4(JIF47) 100.0  100.0  100.0

Case S(HIZ M) 99.5 99.6 99.0

Wu %505 Case 1K) 100.0  99.1  100.0
Case 2(FLARE) 92.7 96.5 97.7
Case 3(Jifif5) 99.9 99.1 99.1
Case 4(JIF47) 100.0  100.0  100.0

Case 5(HiI81 %) 97.3 97.7 99.6
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