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Based on the developed method both for detecting the potential for controlling
local tumors including intratumor quiescent cells and for evaluating pulmonary distant metastases from lo
cal tumors, releasing intratumor acute hypoxia leads to reduction of pulmonary metastatic potential, and b
oron neutron capture therapy with BSH (sodium borocaptate-10B) and with BPA (L-para-boronophenylalanin-10B
) result in increasing the potential for controlling local tumors and suppressing the pulmonary distant me
tastatic potential, respectively.
Intratumor _oxic quiescent cells were shown to have a greater recovery capacity like cancer stem cells,
but not hypoxic, through selectively detecting their radio-sensitivity.
The compound biological effectiveness values for neutron capture agents that deliver into solid tumors
more dependently on uptake capacity of tumor cells became more changeable. The value may be one of the in
dices showing the degree of tumor heterogeneity.

CBE



Performance status

(Acute or cyclic hypoxia)
(Manipulation)

(Chronic hypoxia) (Manipulation)

Acute hypoxia

Acute hypoxia
Chronic
hypoxia
40
2-nitro-imidazole
100% 100%

2-nitro-imidazole

(sodium borocaptate-'°B (BSH))

(TX-2100)

invivo
DNA
(Quiescent status)”

OLVB3
(GPU-201)
BSH "B
BSH

BSH (HX-BSH)



in vivo

B57BL/6
B16
B16-BL6

Acute hypoxia  Chronic
Acute hypoxia

Chronic hypoxia

hypoxia

BSH
(TX-2100)

(GPU-201)

BrdU

TX-2100  GPU-201

invivo
Y
BSH
L-para-boronophenylalanin-'"B (BPA)
(BNCT)
BSH BPA
(BNCT)
BSH
BPA
BSH-BNCT
BPA-BNCT
BSH BPA
BNCT
Y
Y
DNA
Y
Y
BSH BPA
BNCT



DNA
g BPA
Y
DNA
avP3 BSH
(GPU-201) avp3
GPU-201
BSH
BSH

10
B
compound biological effectiveness (CBE)

CBE
BSH BPA

CBE
BSH BPA

CBE

CBE

24

Masunaga S, Sakurai Y, Tanaka H, Tano K,
etal. 11 The dependency of compound
biological effectiveness factors on the type
and the concentration of administered
neutron capture agents in boron neutron
capture therapy. Springer Plus 2014 3:128.
doi:10.1186/2193-1801-3-128. ( )
Masunaga S, Sakurai Y, Tano K, et al. 11

Significance ~ of  administering
bevacizumab combined with boron neutron
capture therapy in terms of local tumor
response and lung metastasis. Exp Ther Med,
8, 291-301, 2014. doi: 10.3892/etm.2014.
1704. ( )

Suzuki M, Kato I, Aihara T, Hiratsuka J,
Yoshimura K, Niimi M, Kimura Y, Ariyoshi
Y, Haginomori S, Sakurai Y, Kinashi Y,
Masunaga S, et al. 15  Boron neutron
capture therapy outcomes for advanced or
recurrent head and neck cancer. J Radiat Res.
55(1), 146-153, 2014; 2013 Aug 16. doi:
10.1093/jrr/rrt098. ( )
Hirota Y, Masunaga S, Kondo N, et al. 10
High linear-energy-transfer radiation can
overcome  radioresistance of  glioma
stem-like cells to low linear-energy-transfer
radiation. J Radiat Res. 55(1), 75-83, 2014;
2013 Aug 16. doi: 10.1093/jrr/rrt095. (

)

Sakurai Y, Tanaka H, Suzuki M, Masunaga S,
et al. 8  Dose estimation for internal
organs during boron neutron capture therapy
for body-trunk tumors. Appl.Radiat.Isotopes
(2014) http://dx.doi.org/10.
1016/j.apradiso.2014.03.005. ( )

Tanaka H, Sakurai Y, Suzuki M, Masunaga S,
etal. 13 Evaluation of thermal neutron
irradiation field using a cyclotron-based
neutron source for alpha autoradiography.

Appl.Radiat.Isotopes (2014),
http://dx.doi.org/10.1016/j.apradiso.2014.01.
011. ( )

Yanagie H, Higashi S, Seguchi K,
Ikushima I, Fujihara M, Nonaka Y, Oyama
K, Maruyama S, Hatae R, Suzuki M,
Masunaga S, et al. 23 Pilot clinical
study of boron neutron capture therapy for
recurrent hepatic cancer involving the
intra-arterial injection of a '’BSH-containing
WOW emulsion. Appl Radiat Isot. 2014 Jan
30. pii:  S0969-8043(14)00021-9.  doi:
10.1016/j.apradis0.2014.01.014. ( )
Masunaga, S, Sakurai Y, Tanaka H, et al.

10 Radio-sensitivity of pimonidazole-
unlabeled  intratumor  quiescent  cell
population to y-rays, accelerated carbon ion
beams and boron neutron capture reaction.
Br J Radiol. 2013 Jan;86(1021):20120302.
doi: 10.1259/bjr.20120302. ( )
Masunaga S, Sakurai Y, Tanaka H, et al.

8  Wortmannin efficiently suppresses the
recovery from radiation-induced damage in
pimonidazole-unlabeled quiescent tumor cell
population. J Radiat Res, 54(2), 221-229,
2013. doi:10.1093/jrr/rrs094. ( )
Masunaga S, Sakurai Y, Tanaka H, Suzuki M,
Kondo N, Narabayashi M, Tano K, et al.

9 Effect of tirapazamine and mild
temperature hyperthermia on the recovery
from  radiation-induced  damage in
pimonidazole-unlabeled quiescent tumor cell
population. Journal of Cancer Therapy, 4,
521-528, 2013. doi: 10.4236/jct.2013.42065.
( )

Liu Y, Suzuki M, Masunaga S, et al. 9
Effect of bevacizumab treatment on
p-borono- phenylalanine distribution in
murine tumor. J Radiat Res. 2013 Mar
1;54(2):260-267. doi:10.1093/jrr/rrs102. (

)



Hirayama R, Uzawa A, Takase N,
Matsumoto Y, Noguchi M, Koda K, Ozaki M,
Yamashita K, Li H, Kase Y, Matsufuji N,
Koike S, Masunaga S, et al. 16
Evaluation of SCCVII tumor cell survival in
clamped and non-clamped solid tumors
exposed to carbon-ion beams in comparison
to X-rays. Mutat Res. 2013 Aug
30;756(1-2):146-151. doi:
10.1016/j.mrgentox.2013.05.008. ( )
Yamamoto N, Iwagami T, Kato I, Masunaga
S, et. al. 9 Sonoporation as an
enhancing method for boron neutron capture
therapy for squamous cell carcinomas.
Radiat Oncol, 2013, 8:280,
doi:10.1186/1748-717X-8-280. ( )
Tanaka H, Sakurai Y, Suzuki M, Masunaga S,
Takamiya K, Maruhashi A, Ono K.
Development of a simple and rapid method
of precisely identifying the position of '°B
atoms in tissue: an improvement in standard
alpha autoradiography. J Radiat Res. 2013
Oct 18. doi: 10.1093/jrr/rrt110. ( )
Masunaga S, Sakurai Y, Tanaka H, et al.
9  Effects of employing a '°B-carrier and
manipulating intratumor hypoxia on local
tumor response and lung metastatic potential
in boron neutron capture therapy. Br J
Radiol. 2012 Mar;85(1011): 249-258. doi:
10.1259/bjr/20974899. ( )
Masunaga S, Kimura S, Harada T, Okuda K,
Sakurai Y, Tanaka H, Suzuki M, Kondo N,
Maruhashi A, Nagasawa H and Ono K.
Evaluating the usefulness of a novel
""B-carrier conjugated with cyclic RGD
peptide in boron neutron capture therapy.
World J Oncol, 3(3), 103-112, 2012.
doi:10.4021/wjond77w  ( )
Masunaga S, Liu Y, Sakurai Y, et al. 8
Usefulness of combined treatment with
continuous administration of tirapazamine
and mild temperature hyperthermia in y-ray
irradiation in terms of local tumor response
and lung nmetastatic potential. Int J
Hyperthermia. 2012;28(7):636-644. doi:
10.3109/02656736.2012.714517. ( )
Suzuki M, Suzuki O, Sakurai Y, Tanaka H,
Kondo N, Kinashi Y, Masunaga S, etal. 9
Reirradiation for locally recurrent lung
cancer in the chest wall with boron neutron
capture therapy: A case report. Int Cancer
Conference J, 1, 235-238, 2012. doi:
10.1007/s13691-012-0048-8. ( )
Hattori Y, Kusaka S, Mukumoto M, Uehara
K, Asano T, Suzuki M, Masunaga S, et al.
10 Biological Evaluation of
Dodecaborate- Containing L-Amino Acids
for Boron Neutron Capture Therapy. J] Med
Chem, 55, 6980—6984, 2012. doi:
10.1021/jm300749q. ( )
Masunaga S, Liu Y, Tanaka H, et al. 9
Reducing intratumor acute hypoxia through
bevacizumab treatment, referring to the
response of quiescent tumor cells and
metastatic potential. Br J Radiol. 2011
Dec;84(1008):1131-1138. doi:

Q1

Q2

Q3

10.1259/bj1/38457938.  ( )
Masunaga S, Liu Y, Tanaka H, et al. 8
Radiosensitivity and capacity to recover
from  radiation-induced = damage in
pimonidazole-unlabeled intratumor quiescent
cells depend on p53 status. World J Oncol,
2(1), 1-9, 2011. doi:10.4021/wjon272w. (
)

Abe C, Uto Y, Nakae T, Shinmoto Y, Sano K,
Nakata H, Teraoka M, Endo Y, Maezawa H,
Masunaga S, et al. 12 Evaluation of In
vivo Radiosensitizing Activity of Etanidazole
as Hypoxic Radiosensitizer Using
Tumor-bearing Chick Embryo. J Radiat Res

(2011) 52 (2): 208-214 doi:
10.1269/jrr.10122.  ( )
Kimura S, Masunaga S, Harada T,

Kawamura Y, Ueda S, Okuda K, Nagasawa
H. Synthesis and evaluation of cyclic
RGD-boron cluster conjugates to develop
tumor-selective boron carriers for boron
neutron capture therapy. Bioorg Med Chem.
2011  Mar  1;19(5):1721-1728.  doi:
10.1016/j.bmc.2011.01.020. ( )

Tanaka H, Sakurai Y, Suzuki M, Masunaga S,
et al. 11 Maruhashi A: Experimental
verification of beam characteristics for
cyclotron-based epithermal neutron source

(C-BENS). Appl Radiat Isot. 2011
Dec;69(12):1642-1645. doi:
10.1016/j.apradis0.2011.03.020. ( )

13
Masunaga S, Tano K, et al. The dependency
of compound biological effectiveness factors
on the type and concentration of
administered neutron capture agents in
BNCT. At the 7th Young Researchers Boron
Neutron Capture Therapy Meeting, Sep
22-26, 2013, Granada, Spain.
Masunaga S, Tano K, et al. Significance of
daily  fractionated  administration  of
wortmannin combined with y-ray irradiation
in terms of local tumor response and lung
metastatic potential. At the 55th Annual
Meeting of the American Society for
Therapeutic Radiology and Oncology
(ASTRO). Sep 22 - 25, 2013, Atlanta,
Georgia, USA.
Masunaga S, Sakurai Y, Tanaka H, et al.
Significance of manipulating intratumor
hypoxia in terms of local tumor control and
pulmonary metastatic potential in boron
neutron capture therapy. Presented at the
2013 Annual Meeting of the American
Roentgen Ray Society, Apr 14-19, 2013,
Washington DC, USA.
Masunaga S, Sakurai Y, Tanaka H, et al.
Radio-sensitivity Of Pimonidazole-unlabeled
Intratumor Quiescent Cells To Gamma-rays,
Accelerated Carbon Ion Beams And Boron
Neutron Capture Reaction. At the 54th
Annual Meeting of the American Society for
Therapeutic Radiology and Oncology
(ASTRO). Oct 28 - 31, 2012, Boston,
Massachusetts, USA.




Hirayama R, Uzawa A, Takase N, Koda K,
Matsumoto Y, Ozaki M, Noguchi M, Kase Y,
Matsufuji N, Koike S, Masunaga S, Ando K,
Okayasu R, Furusawa Y. Evaluation of cell
survival and micronucleus formation in
clamped and non-clamped solid tumors
exposed to carbon-ion beams in comparison
to X-rays. At the 10th International
Symposium on Chromosomal Aberrations,
Oct 19-21, 2012, Amalfi, Italy.

Matsumoto Y, Uzawa A, Hirayama R, Koike
S, Koda K, Masunaga S, Ando K and
Furusawa Y. The effect of fractionated
carbon-ion beams to tumor metastasis. At the
39th Annual Meeting of The European
Radiation Research Society, Oct 15-19, 2012,
Vietry sul Mare, Italy.

Masunaga S, Sakurai Y, Tanaka H, et al.
Significance of employing boron-10 carriers
and manipulating intratumor oxygenation
status in terms of local tumor response and
lung metastatic potential in boron neutron
capture therapy. At the 15th International
Congress on Neutron Capture Therapy,
September, 9-14, 2012, Tsukuba, Japan.
Nagasawa H, Kimura S, Masunaga S et al.
Symthesis and evaluation of cyclic
RGD-boron cluster conjugates as a novel
""B-carrier for boron neutron capture therapy.
At the 15th International Congress on
Neutron Capture Therapy, September, 9-14,
2012, Tsukuba, Japan.

Masunaga S, Sakurai Y, Tanaka H, et al.
Usefulness of combined treatment with
continuous tirapazamine administration and
mild temperature  hyperthermia in
gamma-ray irradiation, referring to lung
metastatic  potential. At  The 11th
International Congress of Hyperthermic
Oncology (ICHO) & The 29th Japanese
Congress of Thermal Medicine (JCTM), Aug
28-31, 2012, Hyatt Regenct Hotel Kyoto,
Kyoto, Japan.

Masunaga S, Sakurai Y, Tanaka H, et al.
Impact of employing '’B-carriers and
manipulating intratumor hypoxia on local
tumor response and lung metastatic potential
in boron neutron capture therapy. At the
International Conference on Translational
Research in Radio-Oncology and Physics for
Health in Europe (ICTR-PHE 2012),
February 27 - March 2, 2012, Geneva,
Switzerland.

Masunaga S, Sakurai Y, Tanaka H, et al. The
characteristics of '’B distribution in solid
tumors in vivo following BSH or BPA
administration, based on the responses of
intratumor  total and quiescent cell
populations. At the 6th Young Researchers
BNCT Meeting, December, 5-8, 2011,
Hsinchu City, Taiwan (R.O.C.).

Masunaga S, Sakurai Y, Tanaka H, et al.
Significance of Using a '°B-Carrier and
Manipulating Intratumor Hypoxia on Local
Tumor Response and Lung Metastatic
Potential in Boron Neutron Capture Therapy.

()

@)

At the 53rd Annual Meeting of the American
Society for Therapeutic Radiology and
Oncology (ASTRO). Oct 2 - 6, 2011. Miami
Beach, FLA, USA.

Masunaga S, Sakurai Y, Tanaka H, et al.
Significance of Employing a '’B-Carrier and
Manipulating Intratumor Hypoxia in terms
of Local Tumor Response and Lung
Metastatic Potential in Boron Neutron
Capture Therapy. At the 14th International
Congress of Radiation Research (ICRR),
Aug. 28- Sep. 1, 2011, Warsaw, Poland.

6

41-45 2013

11
(Jpn J Cancer Clin),
, Vol. 59, No. 2, 149-153, 2013.
8
— — (Jpn J
Cancer Clin), , Vol. 59, No. 2,
141-148, 2013.
45-49 Dec. 2012.
2011 11 pp. 21-22, 2011.
(Jpn J

Cancer Clin), , Vol.57 (6),

265-270, 2011.

MASUNAGA, Shin-ichiro

NAGASAWA Hideko

TANO Keizo



