
(Doctor X)

(chemical surgery)

(Boron Neutron Capture 

Therapy, BNCT)

2020

(BNCT)

1930 (James 

Chadwick)

1

(thermal neutron) -10

(Helium nuclei) (Lithium nuclei)

(Linear 

Energy Transfer, LET)

-10

DNA

5-10 M

-10

(1).

-10

(2).

2

(Magic bullet)

1950

(B
N

C
T

)

    

(BNCT)

2024 68 9       42



(B
N

C
T

)

(Massachusetts General 

Hospital) Willam H. Sweet

(Glioblastoma) 3

14-16

Dr. Willam H. Sweet

Brookhaven

[Borax] -10

(Increased 

intracranial cranial pressure, IICP)
3

 (Hiroshi Hatanaka)

1968

BSH (Sodium borocaptate)

-10

2

2-3

 BSH Sodium borocaptate; 

-10
5

2024 68 9       43



(Epithermal neutron)

7-8

-10

(Mesothelioma)

4

(Phenyla lan ine) -10

-10

-10

BPA(Boronophenylalanine)

LAT-1(L-Type Amino Acid Transporter)

BPA

BPA

5  

BPA

6-8

30-40

BPA

F-18 Fluorine-18; 

-18

  L-BPA 5

(B
N

C
T

)

2024 68 9       44



(Tracer )

(PET; Positron Emission 

Tomography)

SUV(Standard uptake value)

Tumor / normal tissue Ratio; 

T/N ratio

2.5

9

(Tsing-Hua Open Pool 

Research Reactor, THOR)

  

(B
N

C
T

)

2024 68 9       45



48

50 4 13

20% TRIGA

10

2010

(Kyoto 

University Research Reactor Institute, KURRI)

2018

(Kyoto University 

Institute for Integrated Radiation and Nuclear 

Science, KURNS)11

(Koji Ono)

(Sumitomo Heavy Industry Co Ltd.)

2008

(Cyclotron-based epithermal neutron source; 

C-BENS)

2020 PMDA

 2024

(B
N

C
T

)

2024 68 9       46



BNCT
12

(Southern Tohoku Hospital)

2023 12

2010

2010

2017

(Compassionate 

treatment)

BPA

2024

 2024

13

14

(B
N

C
T

)

2024 68 9       47



  

X

(Proton Therapy)

15

; 

Bragg peak

2023 (Heavy Ion 

Therapy)

(Carbon Ion)

12

2017

(B
N

C
T

)

2024 68 9       48



(International 

Atomic Energy Agency, IAEA)

2024
 
BNCT 2023

  

X (Proton therapy) (Carbon ion therapy) (BNCT)

(Infiltrative tumors)

3-5 3-5
-10

70-100 70-120

50-70

(B
N

C
T

)

2024 68 9       49



1. Locher G: Biological effects and therapeutical 

possibilities of neutrons. Am J Roentgenol 

Radium Ther 1936; 36: 1-13.

2. Website of JSNCT (Japanese of Neutron 

Capture Therapy) http://www.jsnct.jp/e/about_

nct/haikei.html (World’s first clinical research 

in the U.S.)

3. Sweet WH: The uses of nuclear disintegration 

in the diagnosis and treatment of brain tumor. 

N Engl J Med 1951; 245(23): 875-8.

4. Website of JSNCT (Japanese of Neutron 

Capture Therapy) http://www.jsnct.jp/e/about_

nct/haikei.html (Current BNCT in Japan)

5. I n t e r n a t i o n a l  A t o m i c  E n e rg y  A g e n c y : 

pharmaceuticals and radiopharmaceuticals. In 

Advances in boron neutron capture therapy. 

BNCT working manual. 2023. Vienna. P. 57-

9. https://www.iaea.org/publications/15339/

advances-in-boron-neutron-capture-therapy 

6. Miyatake SI, Kawabata S, Kajimoto Y, et al: 

Modified boron neutron capture therapy for 

malignant gliomas performed using epithermal 

neutron and two boron compounds with 

different accumulation mechanisms: an efficacy 

study based on findings on neuroimages. J 

Neurosurg 2005; 103(6): 1000-9.

7. Joensuu H, Kankaanranta L, Seppälä T, et al: 

Boron neutron capture therapy of brain tumors: 

clinical trials at the Finnish facility using 

boronophenylalanine. J Neurooncol 2003; 

62(1-2): 123-34.

8. Henriksson R, Capala J, Michanek A, et 

al: Boron neutron capture therapy (BNCT) 

for glioblastoma multiforme: a phase II 

study evaluating a prolonged high-dose of 

boronophenylalanine (BPA). Radiother Oncol 

2008; 88(2): 183-91.

9. Watabe  T,  Ikeda H,  Nagamori  S ,  e t  a l : 

18F-FBPA as a tumor-specific probe of L-type 

amino acid transporter 1 (LAT1): a comparison 

study with 18F-FDG and 11C-Methionine. Eur 

J Nucl Med Mol I 2017; 44(2): 321–31.

10. 

https://thor.site.nthu.edu.tw/p/412-1192-1583.

php?Lang=zh-tw 

11. Website of KURNS (Institute for Integrated 

Radiat ion and Nuclear  Science,  Kyoto 

University): https://www.rri.kyoto-u.ac.jp/en

12. BNCT  https://www.

ompu.ac.jp/kbmc/ 

13. Chen YW, Lee YY, Lin CF, et al: Salvage 

boron neutron capture therapy for malignant 

brain tumor patients in compliance with 

emergency and compassionate use: evaluation 

of 34 cases in Taiwan. Biology (Basel) 2021; 

10(4): 334.

14. Chen YW, Lan TL, Lee YY, et al: Using 

precise boron neutron capture therapy as a 

salvage treatment for pediatric patients with 

recurrent brain tumors. Ther Radiol Oncol 

2020; 4: 30. 

(B
N

C
T

)

2024 68 9       50


