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Treatment Planning System for High Energy Proton Beam

Tetsuo Inada and Yoshinori Hayakawa
Institute of Basic Medical Sciences, University of Tsukuba
Kiyoshi Ohara, Akira Maruhashi, Yoshihiro Hiramatsu, and Masayoshi Akisada
Institute of Clinical Medical Sciences, University of Tsukuba

Research Code No.: 203
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Treatment planning system for proton beam was developed utilizing a minicomputer. The system
has created a dose distribution which has a high dose region well coincided with the target volume based
on multislices of computed tomogram. The treatment planning output is applied to drive a numerically

controlled machine to fabricate bolus of irregular shape.
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Table 1 Relationship between CT number and rela-
tive electron density

Relative  Effective

Material CT numbers  electron atomic
density number

Teflon 944+ 6 1.89 8.43
Lucite 122+ & 1.16 6.47
Polystyrene =34+11 1.03 5.69
Polyethylene -106+ 4 0.95 5.44
Cally 4% 80+ 9 1.03 9.01
CaCl; 10% 210+ 9 1.07 9.52
CaCl; 20% 436+ 9 1.15 10.07
CaCl; 30% 69211 1.23 12.59
CaCl, 40% 968+13 1.33 14.71

The electron density relative to water is based on an elec-
tron density for water of 3.344x1025cm -3,

Table 2 Relationship between CT number and rela-
tive electron density

Relative  Effective

Tissue CT number electron atomic

density number
Bone 877:x138 177 11.82
Muscle 56+ 9 1.03 7.44
Liver 59+ 13 1.05 7.57
Lung -826: 44 0.25 7.28
Brain 44+ 6 1.03 7.38
Kidney 47+ 4 1.03 7.36
Fat =95+ 15 0.95 5.92
Water 0= 8 1.00 7.42
Air -1008%= 6 0.001 7.64

The electron density relative to water is based on an
electron density for water of 3.344x1025cm -,
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Fig. 1 CT image of CaCl, solution set in water
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Fig. 2 Relation between CT number and relative
electron density which is based on the value
3.344 X 10%cm™? for water.
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Table 3 Image and pixel sizes of the scanner used
in this study (GE—-CT/T) for each region

Region Image size Pixel size
Head 20cm=25¢m 0.8mmx=0.8mm
Body (child) 25 %25 0.8 =0.8
Body (medium) 35 %35 1.1 x1.1
Body (full) 42 =42 1.3 %1.3
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Fig. 3 Electron density of the pixels sampled out from CT data, printed by the
auto-print-program. The density relative to water is based on an electron

density of 1000 for water.
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Table 4 The mean excitation potentials reported
for muscle and bone

I(eV)
ICRU Janni
Muscle 66.2 70.80
Bone 85.2 87.35
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Table 5 Estimation of errors in calculating proton range due to the width of numerical integration rela-

tive to Janni’s range

Energy Janni 1mm 2mm Imm 4ram S5mm 6mm
110 MeV 9.05¢cm 9.23cm 9.35¢cm 9.43cm 9.50cm 9.59¢m 9,67 cm
1.00 1.020 1.033 1.042 1.050 1.060 1.069
130 MeV 12.16cm  12.36cm  12.47em  12.60cm  12.69cm  12.76cm  12.83cm
i 1.00 1.016 1.025 1.036 1.044 1.049 1.055
150 MeV 15.63cm  15.85cm  15.99cm  16.08cm  16.17cm  16.27¢cm  16.34cm
i 1.00 1.014 1.023 1.029 1.034 1.041 1.045
170 MeV 19.43cm  19.68cm  19.8lcm  19.90cm  20.02cm 20.10cm  20.23cm
1.00 1.013 1.020 1.024 1.030 1.034 1.041
190 MeV 23.55cm  23.8lcm  23.96cm  24.06cm  24.16cm  24.27cm 24.38cm
I 1.00 1.011 1.017 1.022 1.026 1.031 1.035
210 MeV 27.96cm  28.25cm  28.40cm  2851cm  286lem  287lem  28.83cm
I 1.00 1.010 1.016 1.020 1.023 1.027 1.031
Mean excitation potential=70.35eV
Electron density=3.344x1025cm-*
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in water.
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Fig. 6 Flowchart of proton therapy planning sys-
tem.
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Fig. 7 Computed tomogram showing enlarged
pancreatic head and lymph nodes nearby (a)
and the target area and body contour surrounded
by dashed line (b ). The patient is a woman aged
53 who has suffered subtotal gastrectomy or
gastric cancer.
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Fig. 8 Cross sectional contour of the bolus which
is designed for the treatment of a patient shown
in Fig. 7 with 130 MeV proton beam.

WA A—-F 2PEIMT#EORE e » 512X 5 3
DT, BDBEEBUTEEL I B, RiIK, ZD—&K
EEOR -7 2% BB L TAMHT LETFRIHEE
DEZ AL TIHERLHSEA-—FACEIY—
KAEH LT ImmIBCHETE-F RDE XY
RET S, COBFYBTHRIBBTHE5 1 v
rEovzerizontiTsd, F—520HEEL
TRV =F L vERIET 2 ) A0 T s ER
T5, BHINEA-52OWEIXCRT ki3
RERB (Fig. 8). Fir, ZOHFEDHILH
BOR—7 AMTEOHFZHE G325 X 5EEL
7z,

5, VVFETaL— X —DHE.

VY FEYa L — & — L 5mmEOEEE L,
ZhixERDZL—EREORBHYITS. FHE
BoxFHLE -7 BEINEI DL ERE
Tal—2-DORE, BHGEYIRET D, B
FEE=FAF—DRITAE - ANREE 7 AT
G2 5BERRH LT HHENFHFERYML MR
ERTH DD, TOHETEHREITIINKE I
D EMBIZEERA 0B, CORYERLT, &
YATATIREZ 2 -2 - LOEEOE —2
WETORELYHEMELL, KO=FLF—Dr —
7ERERICEZICY — 7 (LB RENELEE RS
5 X5 ERE N T 2T - 1,

6, REETE L EHERE,

2725 s bR BEYEE—AZ L
7rA40L, EREHBELRDE L E 1T, -2
DERERETo7, WEz BT8R, =



ARFN584FE 6 A25H

10 10k
10.0CM 12.0CM

osf osf

=66 0 16 20 O—=6=6—6 0 20
(MeV) (MeV)

L |

X 1zoem 9 14.9CM

0s- ost

o

1 L kS N 0 ) L . 1 M
=20 <10 0 10 20 =20-10 0 10 20
(MeV) (MeV)
Fig. 9 Energy distribution of protons at various
depth in polystyrene for an incident energy of 150
MeV.
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Fig. 10 Isodose distribution from 10 to 100% for
single-portal irradiation with 130 MeV proton
beam, based on the contour shown in Fig. 8.
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Fig. 11 Two portal irradiation with 130 and 150
MeV proton beam from anterior and right, re-
spectively. The bolus designs (@) and the isodose
distribution from 10 to 100% (b).
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Fig. 12 Examples of bolus fabricated by NC
machine and treatment planning output. (a) 5.0
mm step. (b) 2.5mm step.
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Table 6 Relationship between proton range and relative electron density

Electron density 1.3 1.4 1.5 1.6 1.7 1.8 1.9
Range of proton 12.57cm 11.69¢cm 10.91¢m 10.23cm 9.64cm 9.11cm 8.63cm
Mean excitation potential==87.35eV
[ncrements of integration=1mm
Table 7 Relationship between proton range and mean excitation potential
Excitation potential 84.0eV  85.0eV  86.0eV 87.0eV 88.0eV  89.0eV  90.0eV
Range of proton 9.23cm  9.25cm 9.26ecm 9.28cm  9.30em  9.3lcm 9.32cm

Relative electron density=1.767
Increments of integration=1mm
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