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INTRODUCTION: Boron Neutron Capture Therapy 2 12
(BNCT) is a highly selective cancer therapy that can tar- 2 1
get single tumor cell without causing excessive radiation ; 12 --C--non treatment
damage around normal cells. The success of BNCT de- E 10 o imadiation

. 10 2 8 --®--Sm/ch hot
pends on the delivery that "B compounds accumulate e 6 aGalch Pt
effectively inside the tumor cells. Clinically, boronophe- s 4 —e—Y/ch hot
nylalanine (BPA) and borocaptate sodium (BSH) are & g
currently used for BNCT as boron delivery agents but 0 10 20 30
these agents have some disadvantages on accumulation or Days post neutron irradiation
selectivity toward tumor tissue. In addition, the efficacy Fig. 2 Comparison of the antitumor efficacy with
of boron neutron capture reaction is suppressed due to rare earth oxides/chondroitin sulfate complex.
low neutron fluence. In this study, in order to improve the
efficiency of neutron capture reaction, we used boron
containing rare earth oxides nanoparticle (SmBO;,  cokinetics by using BALB/c mice bearing colon26 mu-
GdBO3, YBO;). When their diameter is suitable sizes, rine carcinoma. The highest boron concentration of

these nanoparticles could be significantly accumulated in YBO; nanoparticle in tumor tissue was observed at 6
tumor tissue with EPR effect. Moreover, the particle  hours after administration by i.p. Then, BNCT was per-
doped with europium can possess the fluorescence. This formed on tumor-bearing mice. Two hundred pl of
fluorescent nanoparticles are expected as novel boron nanoparticle solution (concentration of '’B: 132 ppm
delivery drugs that can diagnose and treat cancer simul- with SmBOj; and GdBO;, 88 ppm with YBO;) were in-
taneously and efficiently. jected by i.p. before 6 hr of neutron irradiation at Kyoto

University Research Reactor (1 MW, 90 min, 4.1x10"
EXPERIMENTS: The cell colorectal cancer line co- neutron/cm”). By irradiation, YBO; nanoparticle showed
lon26 were used in this study. Boron containing rare strongest antitumor effect among used rare earth oxides

earth oxides nanoparticles were synthesized by homoge-  nanoparticles (Fig 2).

neous precipitation method. Cationic nanoparticle are As the nanoparticle of the rare earth oxide could con-
coated with anionic chondroitin sulfate (XBOs/ch, X: Sm, tain huge boron atoms per particle, it can deliver effi-
Gd, Y). Boron concentration was estimated by ICP-AES.  ciently a lot of boron toward tumor tissue with EPR ef-
Cytotoxicity of nanoparticle was estimated by WST as- fect. Especially, As yttrium had no shield effect toward
say. neutron, YBO; showed highest BNCT effect. Therefore,

this YBOj nanoparticle is promising toward next genera-
RESULTS AND DISCUSSION: The TEM images tion BNCT.
showed that the particle haves spherical shape with rela-
tively homogenous distribution and its diameter is about REFERENCE:
100 nm (Fig. 1). The result indicates that its size is suita- [1] K. Fujita et al., J. Ceram. Soc. Jpn., 98, 991

ble for EPR effect. Moreover, we evaluated its pharma- (1990).
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INTRODUCTION: Gadolinium-157 has been getting
attention as alternative for neutron capture therapy
(NCT) agent because of its high thermal neutron cross
section (255 000 barns), which the highest among all
stable elements. However, compared to short range
secondary particles produced after neutron capture
by '°B isotope currently used for clinical trial of NCT,
gadolinium neutron capture reaction (Gd-NCR) results
in release of gamma rays, which reduce the localization
effect of the treatment, which on the other side is
increasing the possible additional effect if Gd-157 is
accumulated to a bulk tumor cluster.

In this work, we performed in vivo evaluation of
tumor growth suppression on multiple-injections Gd-
DTPA/CaP nanoparticles mice as continued work from
previous evaluation on single-injected group [1].

EXPERIMENTS: In vivo evaluation was performed
on colon-26 tumor-bearing mice irradiated for 60
minutes at nuclear reactor facility of Kyoto University
Research Reactor Institute with average neutron fluence
of 1.8 x 10" n/cm’. Experimental procedure for
multiple-injected groups is illustrated in Fig. 1.
Antitumor effect was evaluated on the basis of the
change in tumor growth and survival rate of the mice.

RESULTS: Higher gadolinium accumulation in tumor
site was successfully achieved for multiple injections of
Gd-DTPA/CaP nanoparticles, up to more than three
times compared to single injection (data not shown).
There was no acute toxicity in the treated mice,
indicating the promising possibility of Gd-DTPA/CaP as
Gd-NCT agent. However, we could not observe better
tumor growth suppression after GANCT treatment,
which indicates the possibility of neutron depression on

mice group with higher concentration of gadolinium.
Nevertheless, further investigation is necessary to
confirm the reason of moderate tumor growth
suppression in multiple-injected mice group.

Inoculation of Col 26 cancer cells to mice
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Figure 1. Experimental procedure for multiple-
injected tumor-bearing mice.
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Figure 2. Tumor growth suppression comparison
between single-injected and multiple-injected Gd-
DTPA/CaP.
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INTRODUCTION: After the restart of the operation of
Kyoto University Reactor (KUR) in May 2010, 235 clin-
ical studies of boron neutron capture therapy (BNCT)
have already been carried out as of May 2015 [1]. Also,
the BNCT clinical trial using Cyclotron-based BNCT
Epi-thermal Neutron Source (C-BENS) started in No-
vember 2012 [2]. In the while, the research and develop-
ment into several types of accelerator-based irradiation
systems are underway by several research groups in the
world at present time. With this situation in mind, it is
important that the physical and biological estimations for
dose quantity and quality are performed consistently
among several irradiation fields, and that the equivalency
of BNCT is guaranteed, even across BNCT systems. The
individuality of irradiation fields can stand out for the
beam-quality characteristic of the incident fast neutrons,
such as the mixing ratio and neutron energy spectrum.
The aim of this research is the development of the phan-
tom made of specialized materials for the estimation of
the beam quality. In 2014, a feasibility study on the esti-
mation of relative biological effectiveness (RBE) for fast
neutrons, based on the simulation and experimental data
obtained for the proto-type ‘“beam-quality estimation
phantom”.

METHODS: As a beam-quality estimation phantom, a
phantom of 10% LiOH solution with 95%-enriched Li-6
was prepared [3]. The simulated thermal and fast neutron
fluxes were converted into absorbed dose rates in normal
tissue [4]. The composition for normal tissue was as-
sumed to be H:11.1, C:12.7, N:2.0, O:74.2 in weight per-
cent [5], and the density was assumed to be 1.0 g/em’.
The operation power of KUR was 1 MW.

RESULTS: Figures 1 and 2 show the depth distributions
of the total dose rate and its breakdown in the pure water
phantom and the 10%-°LiOH phantom, respectively. In
the pure water phantom as shown in Fig. 1, the contribu-
tion of gamma rays is dominant and it becomes larger at
depth, over the interior of the phantom. In the
10%-°LiOH phantom as shown in Fig. 2, the thermal
neutron dose rate decreases to below almost one-thirtieth
of the fast neutron dose rate. In addition, the gamma-ray
dose rate decreases to the same order as the fast neutron
dose rate.

CONCLUSION: The condition for a larger contribution
of fast neutron dose is realized in the 10%-°LiOH phan-
tom. It can be expected that the accuracy for RBE esti-
mations in biological experiments would improve using
the 10%-°LiOH phantom as the contribution of fast neu-

Development of a Phantom for Estimation of Beam Quality in BNCT

tron dose is increased to almost 50% greater than a pure
water phantom for which the fast neutron dose contribu-
tion is at most 10%.
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Fig. 1. Depth distributions of total dose rate and its

breakdown in the pure water phantom.
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Fig. 2. Depth distributions of total dose rate and its
breakdown in the 10%-°"LiOH phantom.
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INTRODUCTION: At present time, the research and
development into several types of accelerator-based neu-
tron sources for boron neutron capture therapy (BNCT)
are underway by several research groups in the world,
with Cyclotron-based BNCT Epi-thermal Neutron Source
(C-BENS) at the head of the list [1]. In near future,
BNCT using the accelerator-based neutron sources may
be carried out at several places in the world. Unlike the
facilities for radiation therapy and charged-particle ther-
apy, the neutron yield is larger at BNCT facility. Then,
the activation of concrete, which is a main structure of
the irradiation room, is larger. The use of low-activation
concrete is prefer in the viewpoints of the decrease of
exposure under the work in the irradiation room, the de-
commissioning of the irradiation room, etc.. This re-
search is intended to perform the characteristic estimation
for low-activation concrete and confirm its usability at
BNCT facility. In 2014, a fundamental experiment for the
measure against the activation of concrete using an
Am-Be neutron source was performed, because the oper-
ation of Kyoto University Reactor (KUR) was limited.

METHODS: A characteristic estimation was performed
for the measure against the activation using a neutron
shield for a commercially available normal concrete. A
resin containing B4C, which is under development, was
used as a neutron shield. This shield weakens neutron
intensity to reach the concrete, by that high-energy neu-
trons are moderated by hydrogen in the resin and thermal
neutrons are absorbed by boron in B4C. As nine resin
sheets of 10-cm side, 10-cm long and 2-mm thickness
were stacked on the concrete surface, the shielding per-
formance against the Am-Be neutron source was esti-
mated by foil activation method. Indium foil was used as
an activation foil. The shielding characteristic for fast
neutrons was estimated by the activity change for
In-113(n,n’)In-113m reaction, and the generating charac-
teristic for the secondary thermal neutrons was estimated
by the activity change for In-115(n, v )In-116m reaction.

RESULTS: Figure 1 shows the activity changes de-
pendent on the thickness for the resin without B4C. Fig-
ure 2 shows the activity changes dependent on the thick-
ness for the resin with B4C. In these figures, the activity
changes for In-113(n,n’)In-113m and In-115(n,
v)In-116m are drawn. From the comparison for the for-
mer activity, it was found that the shielding effect for fast
neutrons was a little smaller for the resin with B4C, as its

hydrogen density was smaller. From the comparison for
the latter activity, it was found that the generation of the
secondary thermal neutrons was decreased to almost one
fifth for the resin with B4,C. In the while, the activity,
namely the thermal neutron intensity, was increased ac-
cording to the thickness. This is due to the influence for
the secondary thermal neutrons generated in the concrete.

CONCLUSION: From this experiment, it was realized
again that the measure for the low activation of concrete
itself, namely the development of low-activation concrete
was important, even if the measure against the activation
was performed using the neutron shield. The estimations
for the important characteristics of low-activation con-
crete are planned, such as short-life activation, long-life
activation, the shielding effect for neutrons and gamma
rays, the generation of the secondary gamma rays, etc.,
when the KUR operation is restarted.
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Fig. 1. Activity changes dependent on the thickness
for the resin without B4C.

k]
LSl =y e I T T RN [N TN ICNEL R R (N NN RN ANE N

In-115(n,y)In-116m

Activity (s'lg'l)

In-113(n,n")In-113m

10" U TR TN T N TN RN TN T O T O T T N T Y T
0 5 10 15 20
Thickness (mm)

Fig. 2. Activity changes dependent on the thickness
for the resin with B4C.
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INTRODUCTION: Radiation exposure causes DNA
damage, and DNA repair systems are essential to rescue
damaged cells. Release of extracellular nucleotides, such
as ATP, from cells plays a role in signaling via P2 recep-
tors. We have reported that autocrine/paracrine signaling
through P2X7-dependent ATP release and activation of
P2Y6 and P2Y 12 receptors serves to amplify the cellular
response to DNA damage caused by y-irradiation [1-3].

BNCT is one of the new radiation therapy that mainly
use o-ray derive from '°B(n,a)’Li reaction. '°B is deliv-
ered to the cell as '’B-bromophenylalanine (BPA). Since
it is known that melanoma tend to incorporate phenyla-
lanine, '“B-BPA is well incorporated into melanoma.
y-ray is low-LET radiation, and BNCT is high-LET ra-
diation. y-Irradiation causes DNA damage by indirect
action effect, which is mediated by reactive oxygen spe-
cies. However, BNCT causes DNA damage by direct
action. It is known that direct action effect is stronger
than indirect action effect. Further, BNCT can irradiate
cells from inside of the cell.

Recently, we have showed involvement of P2
receptors in DNA damage repair after y-ray irradiation in
A549 cells [2]. However, it has not yet been clear the
involvement of P2 receptors in BNCT-induced DNA
damage response. If the activation of P2X7, P2Y6, or
P2Y12 receptor are involved in BNCT-induced DNA
damage response, the antagonists of these P2 receptors
enhance cytotoxicity of cancer cells by BNCT. Here, we
investigated the radiosensitizing effect of P2 receptor
antagonist on BNCT-induced DNA damage response and
cytotoxicity.

EXPERIMENTS: Mouse melanoma B16 cells were
incubated with 1 mM '"B-BPA and P2Y12 receptor
antagonist clopidogrel. B16 cells were irradiated with
y-rays and thermal neutron beams from a nuclear reactor
(Kyoto University Research Reactor Institute;] MW) at
room temperature for a suitable time. After irradiation,
the cells were incubated in humidified atmosphere of 5%
CO, in air at 37 °C.

The irradiated cells were fixed in 4% paraformaldehyde
in PBS for 10 min at room temperature and permeabi-
lized in 0.1% Triton X-100 for 5 min on ice. After incu-

bation in blocking buffer (10% FBS in PBS) for 1 h, the
fixed cells were incubated with primary antibody against
yH2AX for 24 h at 4 °C and with 2™ antibody conjugated
with FITC for 1 h. Counterstaining with Hoechst 33258
was used to verify the location and integrity of nuclei.
Fluorescence images were obtained with a laser scanning
confocal microscopy.

On the other hand, cell viability of irradiated cells
were measured by colony formation assay. 1.0 x 103
cells were seeded in a 100 mm dish. After incubation for
1 week, the cells were stained with 0.5% crystal violet.
Colonies containing more than 50 cells were counted.

RESULTS: First, we tested the effect of BNCT on cell
survival rate by the colony formation assay. Survival
fraction of BNCT group decreased compared with group
of y-irradiated cells. In addition, the cytotoxic effect of
BNCT was enhanced by pre-treatment with clopidogrel
(Fig.1A). Next, we tested DNA damage response after
BNCT by analyzing YH2AX focus formation. Formation
of YH2AX foci that remain for 48hr was increased by
BNCT. The BNCT-induced increase of YH2AX foci was
suppressed by pretreatment with clopidogrel (Fig. 1B).

From these results, it was suggested that P2Y 12 recep-
tor participated in DNA damage repair caused by BNCT.
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INTRODUCTION: In general, boron neutron capture
therapy (BNCT) is currently performed using a nuclear
reactor [1], [2]. Recent researches [3], [4], [5] have made
possible to acquire an adequate amount of neutrons by
accelerator and hospital-based accelerator-BNCT has
come into reality. Therefore, National Cancer Center,
Tokyo, Japan, is planning to install an accelerator-based
BNCT system. Hospital-based accelerator-BNCT system
has a lot of advantages. For example, there is no need to
move a patient to the reactor. However, the hospi-
tal-based system also has disadvantages. In the hospi-
tal-based BNCT system, with compared with the reac-
tor-based BNCT system, the measurement for a beam of
BNCT is asked for the simplified method because the
hospital-based system is restricted by an area of the in-
stitute. The purpose of this study is to establish the QA
method for hospital-based BNCT.

EXPERIMENTS: In order to measure easily the neutron
beam, new film was developed. The new film consisted
of thermos luminescence phosphor. After exposure of the
radiation, the output of the film with heated was red by
CCD. Signal intensity was measured as the amount of
lilght. The relationship of the film between the signal and
doses were acquired with 6 MV photon beam of a medi-
cal linac in Juntendo University, Tokyo, Japan. The rela-
tionship between the signal and neutron fluence was ana-
lyzed in this study because the signal was evaluated as
the dose. The experiment of neutron irradiation was per-
formed in Kyoto University Research Reactor (KURR).
In order to evaluate the film, the thermal neutron fluence
was measured with the film and a gold foil, and these
results were compared. However, the beam of the KURR
contained both neutrons and gamma-rays. Therefore, the
dose from gamma-rays was measured with the thermo-
luminescence dosimter (TLD) since the film also had
sensitivity to photons. The contribution from the gam-
ma-rays to the film was considered by the result of the
TLD. In order to evaluate a relationship between the

TPRy,10 of a medical linac and the energy dependence of
the film to gamma-rays, Monte Carlo simulation
(BEAMnrc ver. 4.2.4. [6]) was used, and comparison of
PDDs between measurement and simulation with the
BEAMnrc were performed. Therefore, contribution of the
gamma-rays was subtracted from the output of the film.

RESULTS: The comparison of PDDs between meas-
urement and simulation was performed with a medical
linac of 4, 6, 10, and 15 MV photon beam in National
Cancer Center (NCC), Tokyo, Japan. The difference of
those beams between the measurement and the simulation
was within 0.59%. The relationship between TPR2o,10 and
the calculated energy dependence which was normalized
in the value of 6MV photon beam in NCC. With using
those relationship and BEAMnrc, energy dependence of
the film in the medical linac in Juntendo University and
that in KURR was 1.002+0.003, and 0.986+0.002, re-
spectively. Outputs of the TLD after irradiation in KURR
were multiplied by a value of the ratio of energy depend-
ence in KURR to that in Juntendo University, and the
multiplied values were subtracted from the dose with the
film. The relationship between the thermal neutron flu-
ence and the dose with the film was shown in Fig. 1. The
thermal neutron fluence was proportional to the dose with
the film.
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Fig. 1. The relationship between the dose with the

film and thermal neutron fluence.
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