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7. BNCT
BNCT

BNCT
BNCT BNCT
323 X Equivalent
Dose ED X
Cs

ED (Gy-Eq)  CpxDgpippm*CBE; DyxRBE, DyxRBE, D xRBE,

3  BF-FBPAPET BNCT PET
Tumor versus Blood count Ratio, TBR
PET BNCT
BNCT 2 10 pm
DNA /
CBE
(1
BNCT
323 CBE
BNCT 13 Gy-eq
( 15 Gy-eq)
BNCT
BPA-BNCT
6.3.1 BPA 500 mg/kg
200 mg/kg/h 2
100 mg/kg 100 mg/kg/h
7-1

[2]
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8. BNCT

BNCT 1.2
X BNCT
BNCT
8.1
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[1] MIT MITR  Sweet
(2]
1990
Sweet 1968 BSH
[3] 200
[4]
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BPA-BNCT 1990
Brookhaven National Laboratory Medical Research Reactor BMRR  Harvard/Massachusetts
Institute of Technology  MIT Chanana Diaz Coderre BNCT

Beth Israel Deaconess Medical Center/Harvard Medical School ~ Zamenhof Harling
MIT Busse MGH [5]
GBM BPA
22 5 MITR-II
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8.1.1

[1] Farr LE, et d. "Neutron capture therapy with boron in the treatment of glioblastoma multiforme”.
The American journa of roentgenology, radium therapy, and nuclear medicine. 1954;71: 279-93.

[2] Sweet WH. Practical problemsin the past in the use of boron-slow neutron capture therapy in the
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[4] Nakagawal. et a (2003). "Clinical review of the Japanese experience with boron neutron capture
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phase | clinical trial of neutron capture therapy for intracranial disease”. J Neurooncol. 2003;62:

111-121.
8.2 BNCT
8.2.1 BNCT
8.2.1.1
(WHO Grades
BNCT
Activities of Daily Living ADL
recursive partitioning analysis RPA
BPA 500 mg/kg BSH 100 mg/kg
BNCT MST 1 5
15.6 n=10 BNCT X 20~30 Gy
MST 235 [1]
JRR-4 15
11.7 BNCT
25.7 14.0 1 2 80.0 53.3%
[2]
BNCT
BSH 5g/body BPA 250 mgkg MRI
X 30 306Gy-Eq 1 2Gy 1.8 Gy
BNCT X
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BPA 900 mg/kg BPA 6
2 32-6.1Gy
15.4 54.3 Gy
5.8 14.2 [3]
17.7 [4]
14% X

8.2.1.2

[1] KawabataS, et a. Boron neutron capture therapy for newly diagnosed glioblastoma. J Radiat Res.
2009; 50:51-60.

[2] Yamamoto T, et a. Boron neutron capture therapy for newly diagnosed glioblastoma. Radiother
Oncol. 2009; 91:80-4.

[3] Henriksson R, et a. "Boron neutron capture therapy (BNCT) for glioblastoma multiforme: A phase
Il study evaluating a prolonged high-dose of boronophenylalanine (BPA)". Radiother Oncol.
2008;88: 183-91.

[4] Skold Ket al. "Boron neutron capture therapy for newly diagnosed glioblastoma multiforme: An
assessment of clinical potential”. Br J Radiol 2010;83: 596-603.

8.2.2 BNCT
8.2.2.1
6
BNCT 22 12
100 mg/kg  sodium borocaptate (BSH) 1 1 250 mg/kg  BPA
1 6 700mg/kg BPA 6
[1] BPA Phasel 19
6 900mg/kg BPA 6 [2] 10.8
7 BNCT 9.6
n=19 8.7 n=12
8.2.2.2

[1] Miyatake S, et al. Survival benefit of Boron neutroncapture therapy for recurrent malignant
gliomas. J Neurooncol. 2009 91:199-206

[2] Pellettieri L, et a. An investigation of boron neutron capture therapy for recurrent glioblastoma
multiforme. Acta Neurol Scand. 2008;117:191-197.
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8.2.3 Grade Il BNCT
20 13 28 BNCT
500 mg/kg BPA 259 BSH
[1] atypicad  WHO grade 2 4 anaplastic 12 papillary 2
rhabdoid 1 sarcoma 1
20 19 FBPA-PET / TIN
38 Atypical 4 FBPA-PET TIN 2.9 WHO
grade3 3.9
pseudo progression
BNCT 141
45.7
8.2.3.1

[1] Kawabata S, et a. Boron neutron capture therapy for recurrent high-grade meningiomas. J

Neurosurg. 2013;119:837-844.

8.3 BNCT
8.3.1
BPA-BNCT
[1]-[6]
9
[71.[8]
Best supportive care
[9]-[12] BNCT BPA
BNCT
BNCT

[3].[13]

BPA

[71.[8]
Grade 3



8.3.2

FBPA-PET
BPA-BNCT BPA FBPA-PET
FBPA 25
[2],[31,[5],[13],[14] FBPA-PET SuV /
TIN / T/B
[31,[41,[13],[15],[16]
8.3.3
2 BPA 200 mg/kg/h
5 ICP-
AES y BPA
100 mg/kg/h (n/cmzs)
/ T/B
30 1 BPA
BPA 200 mg/kg/h 2
100 mg/kg/h
[3].[4],[16],[17] 250mg/kg 1 [1],[23] 400 mg/kg
500mg/kg 2 [1,14]
250mg/kg  1-15h [15],[18]
BNCT BNCT
X 12-15 Gy-Eq 18 Gy-Eq 6
Gy [3],[14],[15]
20 Gy-Eq [13]
FBPA-PET TIN T/B
[31.[4],[13],[15],[]16] FBPA-PET T/B
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8—1 BNCT

Kankaanranta 2012 SCC: 24 2 fractions with 3-5-week interval 13
Helsinki Univ. IJROBP nSCC: 6 BPA 400 mg/kg for 2 h P, 31 CR:

Ave. tumor dose (Gy-Eq): OS: 30%(2y)

1st 23 (14-37), 2nd 22 (15-30)

Suzuki 2014 HNC: 49 1 fraction 101
KURRI J Radiat Res HNC:13  BSH & BPA 250-500 mg/kg P, 29%. CR:

Minimum Tumor dose (Gy-Eq): .

17.9 (4.0-44.5) 0S: 24%(2y)

P 1 or 2 fractions with 1-2-month PR: 44%, CR:
Haapaniemi 2016 interval 2204
Helsinki Univ. IJROBP Laryngeal BPA 400 mg/kg for 2 h
cancer: 9 Ave. tumor dose (Gy-Eq):
29 (22-38) (1t and

2nd)
Wang LW 2016 HNC: 17 2 fractions with 4-week interval 19.7
Taipei Veterans  IJROBP BPA PR, 3% CR
General Hosp. 180 mg/kg for 2 h and OS: 47%(2y)

90 mg/kg for 1 h
D80 (Gy-Eq): 19.8 (1st), 14.6 (2d)
8.4 BNCT
8.4.1
(malignant melanoma
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BPA
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8.4.2 cutaneous malignant melanoma BNCT
8.4.2.1
1972 BNCT
BPA

BPA
1987 BNCT
[1]-[10] 2018 30 BNCT
Harvard/MIT group[11],
Petten/Essen group[12], Argentinagroup[13], [14] China/BCTC group[15]

BNCT
ADL/ (Quality of Life QOL)
/
ADL/QOL BNCT ADL/QOL
8.4.2.2 BNCT
- ( )
BNCT —
BNCT
BNCT
I
I
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ADL/QOL

TNM T1-4N1-3M0
PS
FBPA PET
FBPA PET
20 ppm (PET T/B 25 )
1mm FBPA PET /
T/B 3.0
2 BPA200 250mg/kg BW 25 3
BPA160 200 mg/kg BW 2
BPA 40 50mgkg BW 30 60 two component
injection one
component injection
BPA
n/cmz2s
10
15 Gy-Eq
a RBE 3.8 3.2 BNCT

15 Gy-Eq
ICP

— 5mm 10 mm
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BNCT

KUR

BPA 200 250 mg/kg
200mg/kg T1

500 mg/kg
N
FBPA-PET
PET
BPA PET
Y
BNCT 25 Gy-Eq
15 Gy-Eq
8.4.2.3
30
6
2 33%
CR 88%

lcm
— 170mg/kg
T2-4
08 09
(T/B ratio) FBPA-
T/Bratio 3.0
Vi invivo
15 Gy-Eq Gross Tumor Volume (GTV)
60%
Complete Response CR 23 7%
nodular melanoma CR
24 21
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CR 21 8% 4 CR 2 50%
30 2
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- 8 BNCT T1
100% CR 18" International Congress on Neutron Capture Therapy
8.4.3 mucosal malignant melanoma BNCT
8.4.3.1
100 200
4
5 10% /
762
5 25 46% X
5 10 20%
BNCT
BNCT
BNCT BNCT
8.4.3.2 BNCT
BNCT BNCT ,
BNCT
8.4.3.3
BNCT BNCT
BNCT
[16]-[22]
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60 BNCT

[1] HCC BNCT
BPA (250
mg/kg) 60 50 20 ml 1lg BSH 3/4
15 ml 5ml 5mi
HCC 20 mg
2ml
HCC BNCT 50% 2.0Gy-Eq
lOB
Y 11.6 ppm
20cm 62 21
BNCT aspartate aminotransferase AST , danineaminotransferase  ALT 200 1U/I
1 BNCT 1 CT
HCC HCC s 81
BNCT 35 CT HCC
BNCT

Drug delivery system

BNCTRI BNCTEM1h B &

s 81 BNCT 1



8.5.3 BNCT

BNCT
BNCT BPA
59 BNCT [2]
1 2 BNCT 1 BNCT BPA
250 mg/kg 20cm 2
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3 BNCT 1
BNCT
6 CT 8-2
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1. CBE factor

CBE factor 1B(n, o)7Li
X CBE factor
CBE factor
3

QX v X effective

dose X(ED)
(2) Neutron beam 1

N-beam (ED)
3) Boron neutron capture radiation: BNCR
1 BNCR(ED)
10B(n, a)’Li Boron dose(ED’) N-beam N-beam(ED’)
CBE factor 1 2 RBEN-beam

RBEn beam = X (ED) / N-beam (ED)

RBEN-beam CBE factor
CBE = X (ED) - N-beam (ED) RBEn-beam / Boron dose (ED)
CBE factor CBE factor BNCT
CBE  Compound
CBE factor
CBE factor
18(n, a)7Li a 10 mm
2.
X
BNCT
BNCT Treatment Planning System,
TPS
BNCT TPS
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MCNP TPS

BNCT
BNCT TPS TPS
PHITS
BNCT SERA
TPS
MCNP  PHITS
ENDF/B-VII JENDLA4.0
SERA
11
ENDF/B-VII  JENDL4.0
* Heating Number”
Heating Number
Heating Number
JENDLA4.0 18
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BNCT 1990
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SERA INEEL Idaho National Engineering and Environmental Laboratory
1999 SERA BNCT
BNL
KUR
SERA
SERA
JRR-4
JCDS JAEA Computational Dosimetry System
JCDS MCNP-4
ENDF/B-
10x 10x 10 mm3 JCDS

Bx Bx 5mm3 - 2

x 2x 2mm3 - 1x 1x 1 mm3 CT
JCDS
2% 2x 2 mm3
5x 5x 5 mm3
2000
PHITS JENDLA4.0 JCDS
2001 JRR-4 JRR-4 100
THOR
THORplan THORplan
MCNP ENDF/B
5x 5x 5 mm3
THORplan 2010 THOR
26 11
BNCT TPS
BNCT
BNCT TPS
BNCT TPS
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BNCT BNCT
BNCT TPS Tsukuba-Plan
Tsukuba-Plan BNCT TPS JCDS
PHITS JENDLA4.0
PHITS
Tsukuba-Plan BNCT X
/
BNCT
BNCT TPS “ SACRA Planning” SACRA Planning PHITS
SACRA Planning
X
TPS RayStation RaySearch Laboratories
SACRA Planning X
BNCT
BNCT CICs
BNCT TPS BNCT
CiICs1 BNCT TPS
BNCT Neutron Therapeutics NT
BNCT TPS RaySearch Laboratories
BNCT
& MITR (MIT),
NCTPIan MIT MCNP RAG (CNEA)
INEEL & seraMC KUR ( ),
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JCDS MCNP/PHITS JRR-4 ( )
THORplan MCNP THOR ( )
SACRA Planning PHITS BNCT
Tsukuba Plan PHITS BNCT
— CICs PHITS BNCT
o Neutron Therapeutics o BNCT
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8F_FBPA PET

4- -2-[18F] -L- 4-borono-2-[*¥F]fluoro-L -phenylalanine
FBPA Positron Emission Tomography PET
FBPA PET
Boron Neutron Capture Therapy BNCT
FBPA PET
FBPA-PET
FBPA-PET
BNCT FBPA-PET
BNCT 18
L-
(L-phenylalanine) 1°B 4-borono-L-
phenylalanine, BPA BPA
BPA BNCT
BPA FBPA
BNCT
FBPA-PET
BNCT
FBPA-PET BPA
3
FBPA-PET
1 PET FBPA
2 FBPA-PET
3 FBPA-PET
4  FBPA-PET
5 PET
4 FBPA-PET
4.1 PET FBPA
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[*®FIF, FBPA

["°F]
4.2 FBPA-PET
FBPA-PET
PET
FBPA-PET
FBPA 3.7-5.55 MBg/kg
PET
FBPA
24
4.3. FBPA-PET
4.3.1.
FBPA-PET BNCT
BNCT BNCT
PET BNCT
4.3.2
BNCT
PET Standardized Uptake Value SUV
Tumor versus Normal tissue count
Ratio, TNR Tumor versus Blood count Ratio, TBR
PET
FBPA
FBPA FBPA-PET
SUvV TNR contralateral TNR,
cTNR TBR
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TNR regional TNR, rTNR
BNCT
BNCT
4.3.3
FBPA-PET BNCT
BNCT
FBPA
4_4 FBPA-PET
2012
FBPA-PET 2
50
FBPA-PET 1

Terminology Criteriafor Adverse Events  v4.0

FBPA-PET

FBPA

Common

JCOG CTCAE v4.0-3COG
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4.4.1
PET
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(mGy/MBa) 0.001 0.002 0.003
(MGy/MBGq) 0.003 0.003 0.005
(mGy/MBa) 0.012 0.011 0.017
(mSv/MBa) 0.015 0.025 0.044
FBPA FDG-PET
FDG
FDG
FDG ICRP Publication 80 1998:49
15 10 5 1
(mGy/MBg) | 0.001 0.014 0.022 0.032 0.061
(MGy/MBg) | 0.16 0.21 0.28 0.32 0.59
(mSv/MBg) | 0.019 0.025 0.036 0.050 0.95
4.5 PET
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ADL Activities of Daily Living

BNCT Boron Neutron Capture Therapy

BPA Boronophenylalanine

10 Boron 10 10

CBE Compound Biological Effectiveness

CR complete response

CT Computed Tomography

CTCAE Common Terminology Criteria for Adverse
Events

DNA Deoxyribonucleic acid

DVH Dose-volume Histogram

eV Electron Volt

FBPA 4-borono-2-[*F]fluoro-L-phenylalanine PET 4- -2-[18F]

-L-

GBM Glioblastoma

Gy Gray

Gy-Eq Gray Equivalent

IAEA- International Atomic Energy Agency Technical

TECDOC | Documents 1223 Ne1223

ICP-AES Inductively coupled plasma atomic emission
spectroscopy

ICRP International Commission on Radiological
Protection

JENDL Japanese Evaluated Nuclear Data Library

JRR-4 Japan Research Reactor-4

keV Kilo Electron Volt

KUR Kyoto University Reactor

MeV Mega Electron Volt

MRI Magnetic Resonance Imaging

NCT Neutron Capture Therapy
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ppm parts per million 100

PC Personal computer

PET Positron Emission Tomography

PHITS Particle and Heavy lon Transport code System

PR partial response

QOL Quality of Life

RBE Relative Biological Effectiveness

SERA Simulation Environment for Radiotherapy
Application

SUV Standardized Uptake Value

T/B Ratio | Tumor/Blood Ratio

T/N Ratio | Tumor/Normal Ratio

TBR Tumor versus Blood count Ratio

TNR Tumor versus Normal tissue count Ratio

TPS Treatment Planning System

72




