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RBEs of Thermal Neutron Capture Therapy and “B(n, «)’Li Reaction on
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Using transplanting Greene’s melanoma into a Syrian (golden) hamster, we determined the RBE
of thermal neutron capture therapy (TNCT) using !°B-para-boronophenylalanine (**B-BPA) in
comparison with a 9 MeV electron beam. Besides these experimental results, we also obtained the RBE
of the °B(n,a)’Li reaction by calculation based on summed dose data from TNCT.

Throughout this study, the Kyoto University Research Reactor was used as the source for thermal
neutrons, which was specially altered to attain a low contamination level both for gamma-rays and
fast neutrons.

10B-BPA was administered eight hours before thermal neutron irradiation to the hamster with
melanoma. Then the tumor was irradiated under a condition of 5 MW for 90 mintes. The absorbed
dose from this TNCT was calculated by the method of Fairchild (1966). The RBEs of the TNCT and
the 1°B(n,a)’Li reaction obtained by the tumor growth delay time (TGDT) method were 2.22 and 2.51,
at 10.5 days of TGDT respectively. These RBE values were altered by TGDT and the absorbed dose.
The RBE value of TNCT had a peak at 7.0 days of TGDT, and that of the *B(n,«)"Li reaction was
higher at a low absorbed dose level and lower at a high absorbed dose level.
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Fig. 1 Regrowth curves [or hamster melanoma
irradiated with thermal neutron beams.
G-1: KUR beam+"B(8.9ug/g tissue)
G-11: KUR beam+E (3.9ug/g tissue)
G-11I: KUR beam-+"B(1.2ug/z tissue)
G-IV : KUR beam
Control ; unirradiated group+'*B (Exp. No. NCI-
97, 107, 114, 119, 1200
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Fig. 2 Regrowth curves for hamster melanoma
irradiated with 9 MeV electron beams. (Exp. No.
El-1, 2, 3,4,5)
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Table 1 Absorbed dose of the neutron
capture therapy.

Absorbed dose(Gy)

"B(n,a)’Li  “N(np)“C  y-ray* Total
G-1 11.65 3.16 3.21 18.02
G-1I 5.11 3.16 321 11.48
G-I1I 1.57 3.16 3.21 7.94
G-IV 0 3.16 3.21 6.37

*Primary and capture gamma-ray

G-1 ! KUR beam+"B(8.9xg/g tissue)
G-1I : KUR beam+"B(3.9ug/g tissue)
G-I : KUR beam+-"B(1.2ug/g tissue)
G-IV : KUR beam
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T8.9+0.67ug/g tissue, G-I T3.9+0.46ug/g
tissue, G-III T1.24+0.23ug/g tissue & 72 - 7z,
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ik b Gl GII, GIII, G-IV oI isEs
Kfz (Table 1), = DFER L b Bichik 7 RSHEE
LRETFRBHAFO T hFh o HEBER Ol
% Fig. 31, 2 hbolEBEHRE CEFE
DFZ, 20Gy it CEAT B, #MbHTFiEC
2, RIFHEHIEVRRBERY TR L,
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BTF#®R (RBE=1) L H~7#F#T#H 0 RBE
i, HEPEEFERFRI18.0H, 10.5H, 7.08, 5.1H
CEWTXhthl.6f 2.22, 2.52, 1.99TH -
7z(Table 2, Fig. 4), Fig. 4 ©iR3 2 & ¢, 9MeV
BTFREIB L 8 F8 B S o RBE #i
1, BEPEEERSR 7 BRTHSIC Y — 2 2 oL
BT, TOMEIZ2.50:52.0% TEL LI,

(4) “B(n, a)’Li Ei5® RBE

ABRE B3 58 ¥ F 450 RBE (248 & st
MELTDObDTHB, Thbb, 18.0H (G-D,
10.58 (G-ID, 7.08 (G-III) T RBE (3°B(n,
a)'Li /s, “N(n, p)"C FiEs & ot y #ORA

(102)

REOEEE~ A2 5 — % Hudeothi FiiiE#EE o RBE

20

/
.

i
}/ % 1

0 10

f

Growth delay time (day)
B

o

2 0
Absorbed dose(Gy)

Fig. 3 Dose response curves on growth delay time
for hamster melanoma, irradiated with thermal
neutron beams (- 0-) and 9 MeV electron beams
(-e-).
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Table 2 RBE of the thermal neutron capture
therapy, the “N(np)*C and the °B(n,a)’Li
reaction, compared with 9 MeV electron beams.

Growth RBE
delay time
(,d);;.y) NCT* “NGpC 'Bn,e)’Li
G-1 18.0 1.64 3.00 1.44
G-1I 10.5 2.22 3.00 2.51
G-I 7.0 2.52 3.00 4.66
G-IV 5.1 1.99 3.00 =

*Neutron capture therapy

G-1 : KUR beam+"B(8.9ug/g tissue)
G-1I : KUR beam+"B(3.9ug/g tissue)
G-Il : KUR beam+"B(1.2ug/g tissue)
G-IV : KUR beam

w 571
5 9
= \ "*B(n, )"Li
] y
g4 |
Q i)
2
g 3t \
%,
[=] / \\\
- 2 | y
o e
2 NCT \_\
+— o
©
@ 1f
e
w
&
o 5 10 15 20

Growth delay time (day)
+ Neutron capture therapy

Fig. 4 RBE of neutron capture therapy (- ®-) and
©B(n, a)’Li reaction (-0-), compared with 9
MeV electron beams. Each values of growth
delay time is taken from Fig. 3.

1.64=RBE ("B(n, «)7Li] -

11.65 , ., 3.16 3.21
18.02 " 16.02 18.02

Zh X b RBE (WB(n, &)'Li)=1.442"85h
%5, LTFR#HmILTRD B & GII T, 2.5],
G-IIl T, 4.66&7c% (Table 2).

OMeV B F§F & LB L 72°B(n, «)'Li Lo
RBE Z{bix, HEFERIEREI A 7 HH18H ~ L 1
mTseohEd LT fHRERL: (Fig
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Gy BT T 53R MR A BT\ 5,
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T 51 LET B4R (v ) &4 EH T X 7l
b &ko RBEWR, ZO4ETTAZEATHE
Ihb, ZoZErbh, SEE LA RBE AL,
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AR, REOHRLDY, SEHOEREY Zh
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