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Abstract

Since 2011, a three-dimensional (3D) scanning irradiation system has been utilized for treatment at the National
Institute of Radiological Sciences-Heavy lon Medical Accelerator in Chiba (NIRS-HIMAC). In 2012, a hybrid depth
scanning method was introduced for depth direction, in which 11 discrete beam energies are used in conjunction with
the range shifter. To suppress beam spread due to the multiple scattering and the nuclear reaction, we then developed a
full energy scanning method. Accelerator tuning and beam commissioning tests prior to treatment with this method are
time-consuming, however. We therefore devised a new approach to obtaining the pencil beam dataset, including the
contribution of large-angle scattered (LAS) particles, which reduces the time spent on beam data preparation. Beam
commissioning tests to verify this approach and simplify the implementation of full energy scanning for treatment
showed that the accuracy of the scanned beam position was less than = 0.3 mm. The accuracy of 3D dose delivery using
this new approach was verified by measuring the dose distributions for different target volumes. Results confirmed that
the measured dose distributions agreed well with calculated doses. Following the results of this valuation, we

commenced treatment by using the full energy scanning method in September 2015.
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Figure 1: Comparison of beam sizes for energy
scanning (ES) with sizes for hybrid depth scanning
(HS) in air.
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Figure 2: Measured integrated depth doses (IDDs) and
generated IDDs ranging from 62.1 to 114.8 MeV/u.

. 430 MeV/u
g s {(a)
o
b=
2 2 |
®
& 1
0 T T T T T T
1.00
o ors f
L)
g 050
w
025 | 2 3
-
0.00 T T T T T T
25
E. 20
- o3
§ 15 (c)
& 10 ]
© o2
k] 5 |
3 o1
0

T T T T T T
0 50 100 150 200 250 300 350

Depth in water [mm]

Figure 3: (a) Measured integrated depth doses (IDDs)
(open circles) and calculated IDDs (solid line). (b)
Fraction factors of the first, second and third
components. (c) Lateral beam spreads of the first,
second, and third components.
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Figure 4: The PDSF for the target volumes of 30 x 30
x 80, 60 x 60 x 80, 90 x 90 x 80 mm’.
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Figure 5: Differences between the measured and
prescribed position for spot irradiation fields, £ 120 mm.
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Figure 6: Uniformities of uniform irradiation fields, +
120 mm.
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Figure 7: Measured dose distributions (symbols) along
the central beam axis are compared with the calculated
distributions (solid lines). Target volume was 90 x 90 x
80 mm’.
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Figure 8: Differences between the measured and
calculated results at the center of each target volume.
Target volumes were 30 x 30 x 80, 60 x 60 x 80, 90 x
90 x 80, 120 x 120 x 80, and 200 x 200 x 80 mm’.
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Figure 9: Comparison of dose distributions measured at
the different 4 courses (symbols) with calculated dose
distribution (solid line).

P

[1] T. Furukawa ef al., Med. Phys. 37, (2010) 5672-5682.

[2] T. Inaniwa ef al., Med. Phys. 39, (2012) 2820-2825.

[3] Y. Hara et al., Med. Phys. 41, (2014) 021706.

[4] T. Inaniwa ef al., Phys. Med. Biol. 59, (2014) 5361-5386.
[5]1 Y. Hara et al., J. Korean Phys. Soc. 63, (2013) 1446—1450.
[6] T.Inaniwa et al., Med. Phys. 36, (2009) 2889-2897.

- 752 -



