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Analysis of beam characteristics of the first Mevion pencil beam scanning proton therapy

system in China
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Abstract: Objective To present and discuss beam characteristics of the first Mevion S250i gantry-mounted accelerator pencil beam
scanning proton therapy system in China. Methods The output dose was measured using a parallel-plate ionization chamber. The
integrated depth dose was measured with a large-radius Bragg peak ionization chamber, covering 19 energy levels ranging from
227 MeV to 28 MeV, to analyze the proton beam characteristics. The spots in the air were measured with Phoenix flat panel detector
on the beam central axis, and the precision of the delivery position was verified by measuring the multi-spot beam map. The interleaf
leakage and penumbra reduction of adaptive aperture were measured to characterize its performance. Results The proton system
was calibrated for a maximum energy of 227 MeV, with a (10x10) cm? uniform field delivering 1 Gy dose at a depth of 5 cm
underwater. The system effectively modulated the proton beam range to the patient's surface, maintaining a constant 80%-80%
Bragg peak width of 8.6 mm at all energy levels. The spot size of the highest energy beam at the isocenter was about 4 mm in the
air, and the spot delivery position error was less than 1 mm. The interleaf leakage rate of the adaptive aperture for the highest energy
beam was below 1.5%, and the penumbra was significantly reduced. Conclusion Mevion S250i proton therapy system demonstrates
unique design and beam characteristics, which is reflected in the Bragg peak shape, spot size variation with energy, and penumbra
sharpening of adaptive aperture; and these differences should be considered in treatment planning system modeling and planning
for precision treatment.
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Figure 1 HYPERSCAN scanning treatment head components
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Table 1 Output dose measurement (Gy)
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45° = = = 1.005
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Figure 2 Integrated depth dose measured at 19 energy levels
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Figure 3 Measured spot profiles for selected energy levels in air
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Figure 4 Spot position accuracy measurement
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Figure 5 Ten—spot map used to measure the interleaf leakage
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Table 2 Penumbra comparison for selected energy levels at two different air gaps

XHE52 nAA  XAREE AA XA

i/ MeV 25 [alBd/cm St EF/cm?

Y iR nAA/mm Y HRER AA/mm Y SR B2 /N mm

'mm /mm /mm
3%x3 11.5 5.2 6.3 11.6 5.0 6.6
5 10x10 12.3 5.9 6.4 11.4 6.1 53
15x15 11.7 7.5 5.2 11.5 7.8 3.7
227
3%x3 11.7 5.3 6.4 11.6 5.4 6.2
10 10x10 12.4 7.4 5.0 11.1 6.9 42
15%15 11.9 8.5 3.4 11.4 8.6 2.8
3x3 23.8 11.4 12.4 23.0 11.0 12.0
5 1010 30.5 17.0 13.5 28.8 16.3 12.5
15x15 323 20.0 12.3 30.8 18.9 11.9
Ho 3x3 25.7 13.6 12.1 25.0 14.1 10.9
10 1010 33.1 222 10.9 32.1 21.8 10.3
15x15 36.3 25.2 11.1 33.6 24.5 9.1
3%x3 32.6 11.4 21.2 31.7 15.4 16.3
5 10x10 44.9 25.6 19.3 44.1 28.0 16.1
15x15 47.2 28.6 18.6 46.2 32.4 13.8
% 3x3 36.5 15.5 21.0 36.0 20.7 15.3
10 10x10 50.2 32.8 17.4 49.8 35.1 14.7
15x15 53.8 375 16.3 52.6 40.4 12.2
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Table 3 Position errors of AA leaves (mm)

55 n YR S A7 A 22
S a=s
1 2 3 4 5 6 7
/5 049 046 052 042 026 040 044
: 4 040 0.6 027 037 041 0.60 0.25
£ 059 013 010 016 059 045 030
’ #0060 012 038 034 035 045 028
/£ 024 037 049 037 058 046 041
’ H 041 040 024 028 055 035 038
£ 056 040 038 0.4 040 031 048
: 4 035 057 034 020 024 016 030
& 022 003 046 022 021 062 029
’ i 062 045 037 030 029 037 022
/£ 056 033 051 025 060 021 040
¢ A 037 014 052 023 047 033 052
£ 026 014 024 041 033 024 043
’ i 044 041 045 013 046 034 038
2w 2 0.36
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