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ABSTRACT Boron Neutron Capture Therapy (BNCT) has the advantage of selectively removing cancer cells ingesting

boron compounds. In this study, the benefits for treatment time and boron compound injection dose were
compared between current neutron sources and a high current neutron sources to be developed in near future.
The time-activity curve (TAC) of GBM (Glioblastoma) for one bolus injection was obtained by applying modified
3 compartment model. The treatment time was determined for an accelerator-based neutron sources at the
present time and a high current accelerator based neutron source to be developed in the near future.
In the case of the double amount of IAEA-recommended neutron flux, the treatment time was shortened to
15 minutes. In the case of high current accelerators, which are five times the amount of IAEA-recommended
neutron flux, the irradiation time is within 5 minutes. The use of a high current accelerator based neutron
source in BNCT is advantageous in terms of treatment time. In addition, it can increase the efficiency of use of
neutrons and reduce the boron compound injection dose to patients, thus reducing pharmacological toxicity.

Key Word: Born neutron capture therapy, Accelerator, Neutron flux, Boron compound, Treatment time

U= AT o A&l BNCT= S AlEihs

Introduction o o
dedon Amshe SHo <l B Ao

SA2ZFAHAAEE X Z(BNCT: Boron Neutron ol w2 d 2 E AT 5 9o e E,
Capture Therapy) & 1 194 HojxZo] stz ey, dadxay S 45 Hgxosn
A FastdE AHES o] &5t= sgstoamy YAAHAARY SEAHLS A £
o Argor ko] s wAste oAl k. 712 @A Bae) ofstd ofd HF g
LigAL &J3te] FoF AzutS Aezog g3 ol ulHol(ZMZE melanoma)o] 850
T UTH1]. dEFAA T4 FES FUSHH A= AN FARTYS, AN, F9s9E
HAE7F S5 EIS= EA-S o8’ BNCT+= Lol 7o) sl HEeHa AoH2]. AA7A
o7& 7hE7IoA AT dLFAHAAE £AH QAIA B S fR oA HPYEL AEARE AL
T& ol dAlEvE A¥Aoew ApEAL S APt FHo A= BNCTEHIS AP A0t

Received: June 15, 2020 / Revised: June 24, 2020 / Accepted: June 26, 2020

Corresponding Author : Bong Hwan Hong, Medical Accelerator Research Team, Division of Applied RI, Korea Institute of Radiological
& Medical Sciences, 75 Nowonro, Nowon-gu, Seoul 01812, South Korea, E-mail: burnn@kirams.re.kr

Sang Moo Lim, Division of Applied RI, Korea Institute of Radiological & Medical Sciences, 75 Nowonro, Nowon-gu, Seoul 01812, South
Korea, E-mail: smlim328 @kirams.re.kr

Copyright©2020 The Korean Society of Radiopharmaceuticals and Molecular Probes

10 J Radiopharm Mol Probes Vol. 6, No. 1, 2020



Journal of Radiopharmaceuticals and Molecular Probes

7FEAIZIAL o8 HA O SEAIA TS AT

AAE e Ao AL UG (BSA:

,f “““““ beam shaping assembly)S AA & st
mps s oAz WeE s olE Aol ASTTH4],

Aose S92 AEe2 F1 2ok FAHp)et

Lithium 7

Cancer cell - Normalcell FTEAHD MEE(Be) EHE AHESIE W
Figure 1. Basic principles of born neutron capture therapy. FAA E= E]%(7Li) H4E AHEsteE W ol
A2 Ao AT HIAL NEAL & BNCT| #FelsttH5]. 715718 AREsHAl =d w2
3 A S5 sESHAl kol A AIA A o JAE THEAIA e QeSS B2 SAE
ol2xE XAT[3]. FAHLRE Iz 7|t Ay, mEbA, 75719 iR 7HETI7IE
BNCT+ 20114 7]EC0 2 QA2 Y Apgo= BNCTOl| $lo] 83 W7k Heh 22 S eolA
Wi AR FRe At Aesta gl BNOTS 7h7]E 73t o Mg
ol ol ¥ Fu glom HAsEY], HHW
AR 79 BNCTE A¥hdold Qa2 AA  7147], AIZREE 7147 5 oot 714 gale
Beo) ofele § BAHOE o BAE /XL A U6-8).
ok, whebd £ BNCTHE Al2ge] Aol glof
BHeolo| Az 7l5AY a9 g o] HLA o] TA YA 7] (IAEA: International Atomic
Ax oz TejEofof At Energy Agency)ol At 344 ¥ &4 23
FAA7E 1 em? AAo] 107) olie Ansl QLo
H7) F18 FAARAHAE A proton)  AA F4A AN 308 HE 1), F47
E& FAt(Deuteron) 5o P YRS sh&ste]  2AF Aol gelsojop 3 BastgtEe] Fralel)
BAo RAFORA AWES AoA FAAES B AR AY 5L TP A ARAZS
Ay, 7t&7171d ST AAAEE A = 9 FAL A= 29", ogA 2 A7ALS
ME2 2™ 200 ekl 715718 8 RS YA e AN & wol= FFA
Target Beam shaping

(Li, Be) assembly (BSA)

Fast Epithermal
neutrons neutrons
[ ] [ A
oo ' o o®le % [ I — "N
[ ] . ° v @ P
Particle accelerator

(Proton, Deuteron) 3 Patient
moderation

“Li(pn)’Be
°Be(pn)°B
°Be(d,n)"B

Neutron yield
Neutron yield

Neutron Energy Neutron Energy

Figure 2. Conceptual diagram of accelerator based born neutron capture therapy system.
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Table 1. Neutron production reaction and generated neutron energy.

Reaction Threshold Incident Neutrons, Neutron energy, keV
energy, MeV energy, MeV n/(mAs) Maximum Minimum

“Li(p, n)’Be 1.880 1.880 0 30 30
1.890 6.3-109 67 0.2
2.500 9.3-1011 787 60
2.800 1.4.1012 1,100 395

°Be(p, n)°B 2.057 2.057 0 20 20
2.500 3.9-1010 573 193
4.000 1-102 2,120

°Be(d, n)"B 0 0 0 3,962 3,962
1.500 3.3-1,011 4,279 3,874

Table 2. Pharmacodynamic parameters of '®F-""B-FBPA @ in patients with glioblastoma.

K1(ml/g/min) K2(min) K3(min) K4(min)

Kinetic
parameters

0.040 0.034 0.018 0.011

3 Fluorine-18-labeled L-fluoroborono-phenylalanine

Table 3. Number of epithermal neutrons and dose rate recommended by IAEA 2.

Number of epithermal neutrons Dose rate

IAEA Technical

>10°cm? s’ > 2 x10"® Gy/neutron
document 1223

3 International Atomic Energy Agency
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Figure 3. Modified 3-compartment model of '®F-"°B-FBPA. This model uses
four parameters to explain anabolic process of boron compound. K1 and k2
refer to forward and reverse transport across the blood-brain barrier. k3 and
k4 mean anabolic and reverse process of extra cellular fluid.

4Blood brain barrier. ? Extra cellular fluid.
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Table 4. Irradiation method for boron compound injection method and neutron sources.

Reactor based neutron source Accelerator based neutron source
Irradiation method Method 1 Method 2 Method 3 Method 4
Irradiation method Continuous infusion One bolus injection One bolus injection One bolus injection

Table 5. Neutron irradiation time for neutron flux and injection.

IAEA @ IAEA
Neutron flux recommend recommend 2 x10°cm? s 5x10°cm2 s
value ? value
Injection method Continuous infusion One bolus injection One bolus injection One bolus injection
Irradiation time 30 min 35 min 15 min 5 min

3 International Atomic Energy Agency.  IAEA recommends epithermal neutron flux value larger than 10° cm? s for BNCT.
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Figure 4. Time-activity curve of "®F-""B-FBPA for gliobrastoma.
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Figure 5. Normalized time-activity curve of 'F-"B-FBPA for one bolus
injection and continuous infusion.
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Figure 6. Area under curve of normalized time-activity curve for
neutron fluxes. Black dotted line means irradiation time of 30 minutes
recommended by IAEA @ Technical document 1223.

3 International Atomic Energy Agency.
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Figure 7. Each figure shows irradiated neutrons(hatched) and captured neutrons(dot filled) (a) IAEA @ recommended neutron flux (b) two times larger IAEA
recommended neutron flux (c) five times larger IAEA recommended neutron flux. Captured neutron follows the time-activity curve of boron compound. Figure (d)

shows irradiation time corresponds to reactor based treatment.

3 International Atomic Energy Agency.
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