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Relative Biological Effectiveness of the Therapeutic Proton
Beams at NIRS and Tsukuba University

Koichi Ando?, Sachiko Koike, Kiyomitsu Kawachi®, Takeshi Hiraoka®,
Hiroshi Ohara®, Masahiko Yokota®, Tetsuo Inada®, Yutaka Hirokawa®,
Shin-ichiro Sato®, Kiyomi Eguchi® and Muneyasu Urano®
1) Div. Clinical Research, 2) Div. Physics, 3) Div. Physiol and Pathol.,
National Institute of Radiological Sciences, 4) School of Dentistry, Nihon University
5) Institute of Basic Medical Sciences, Tsukuba University
6) Department of Radiation Medicine, Massachusetts General Hospital

Research Code No. : 402.2, 407.1
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Relative biological effectiveness (RBE) of proton beams dedicated to radiotherapy was examined
using a method of simultaneous irradiation. Mice received i.v. transplantation of syngeneic fibrosarcoma
(NFSa) cells. These mice were divided into 3 groups on the following day, and thorax was
simultaneously irradiated with one of the following beams: 70 MeV proton beam at National Institute of
Radiological Sciences (NIRS), 250 MeV Proton beam at Tsukuba University (PARMS) and 6Co p ray.
Ten to 13 days thereafter, lungs were removed for colony counts to give dose-cell survival relationships.
RBE of NIRS proton was ranging from 1.01 to 1.12 with an average of 1.06 while that of PARMS proton
was ranging from 1.03 to 1.09 with an average of 1.06 at surviving fraction of 0.01. The simultaneous
irradiation for RBE study was found to be reliable at large dose-low survival regions.
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Fig. 1 Single dose-cell survival curves of the
NFSa tumor cells in the lung —lst experirnent.
Symbols and bars indicate mean and SE.
(—O—); NIRS proton, (---@---) ; ®Co y ray.

Table 1 Survival Parameters and RBEs-lst
experiment
NIRS proton *Co y ray
alpha(Gy~*) 3.373x 10! 4.122x 10
beta(Gy~2) 2.265»10-2 1.158x10-2
1.25% 1.48
Do(Gy) (1.05-1.44) (1.30-1.67
8.38 3.87
n (5.25—11.24) (2.65—5.09)

RBE at Survival
Fraction of

0.1 1.01
0.01 1.05
0.001 1.07
a) : mean and 95% confidence limit.
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Fig. 2 Single dose-cell survival curves of the
NFSa tumor cells in the lung —2nd experiment.
Symbols and bars indicate mean and SE.
(—0O=); NIRS proton, (---A--); PARMS
proton, (---@---); ®Co y ray.
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Table 2 Survival Parameters and RBEs-2nd

experiment
NIRS proton PARMS proton “Co ¥ ray
alpha 3.492 10 3.126x 10" 2.875x 10!
(Gy™")
beta 2.270x10-* 2.498x 10" 2.101x10-*
Gy
Do 1.429 1.64 1.54
(Gy) (1.23-1.61) (1.31-1.77)
2.63 2.00 3.47
n (1.64--3.62) (2.19—4.76)
RBE at survival
Fraction of :
0.1 1.14 1.09
0.01 1.12 1.09
0.001 1.11 1.09
a) . mean and 95% confidence limit
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Fig. 3 Single dose-cell survival curves of the
NFSa tumor cells in the lung —3rd experiment.
Symbols and bers indicate mean and SE.
(—C—); NIRS proton, (-4 --) PARMS
proton, (---@---) “Co y ray.
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Table 3 Survival Parameters and RBEs-3rd
experiment

NIRS proton PARMS proton *°Co y ray

alpha 4.106 > 10! 3.486x1071 2.57x10"!

Gy

beta 1.416 %102 2.347%107 2.487x10-®

Gy

Do 1.61% 1.41 1.57

(Gy) (1.49-1.72) (1.16—1.65) (1.39--1.75)
1.66 3.32 1.92

= (1.41-1.91) (2.02—4.62) (1.41--2.42)

EBE at Surviving
Fraction of :

0.1 1.02 0.99
0.01 1.01 1.03
0.001 1.00 1.05
a) ! mean and 95% confidence limit
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