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BNCT (Boron Neutron Capture Therapy)

× Principle of BNCT 

× Clinical Trials of BNCT 

× Cell death by 2ndary ions from NR 
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Stage Fields Name of diseases
Treatment 

Effects

Clinical 

Trials &

Treatment

BrainTumor

Glioma

GlioblastomaMutiforme(GBM)

Astrocytoma

good

Head-NeckTumor Carcinoma good

SkinCancer
MalignantMelanomas

Mesothelioma
good

Under

Clinical 

Trials

RecurrentCancer RecurrentBreastCancer good

ThyroidCancer UndifferntialThyroidCancer Fair

·Clarity of therapeutic principles

·Treatment  unit of cell size

·Minimization of radiation exposures for normal tissues

·Reduction of side effects 

·Treatment of malignant cancers which are not effective 
with conventional treatments
(Brain Tumor, Head & Neck Cancer, Malignant Skin Cancer, 
Recurrent Cancers, Radiation Resistant Cancers)

× Therapeutic Features of BNCT



4Brief History of BNCT R&D Activities in Korea     

1.   Survey study of BNCT:  KIRAMS (ó92-ô96)

2. Establishment of basic technology of BNCT: KAERI (ó96-ô99)

3. Building a thermal neutron beam port at 30MW Hanaroreactor

: KAERI (ó97-ô02)

4,  Development of  Boron labeled compound (18F-BPA, 123I-BPA)

: KIMAMS (ó02-05)

5.  Biological studies on cells & ratswith boron compounds

and thermal neutrons: KAERI(ô02-ô07)

6. Design study of  an accelerator based BNCT

: HanyangUniv. (ó02-ô07)

7. Development of  new boron compounds, 

: Wonkwang, Chosun& Korea Univ. (ó02-ó12  ) 

8.   Construction of a 100MeV Proton Linac, KOMAC,

(Korea Multipurpose Accelerator Complex) KAERI (ó02-ô12)

9.   Establish of A-BNCT project : DawonsysConsortium (ó16-ô20)

× 25 years to study on BNCT : Neutron Sources, Boron Compounds, Biological Effects, TPS  

Ƚ Hanaro(30MW Reactor)

Ƚ KOMAC (100MeV Linac)
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Evolution of  BNCT Facilities N˾eutron Source

× Developmentof BNCT systems 

· Treatment depth(1-3cm)

· Treatment time(1-2 hr)

· Irradiation with harmful radiation

· Non-hospital basedfaculty

· Hard nuclear licensing

BNCT
Facility

Nuclear Reactor 
(Thermal Neutron)

Accelerator
(Epithermal Neutron )

Electrostatic 

Cyclotorn

LINAC 

Modified 
Reactor 

(Epithermal Neutron)

· Treatment depth(5-6cm)

· Treatment time(1-3 hr)

· Irradiation with harmful radiation

· Non-hospital basedfaculty

· Hard nuclear licensing

· Treatment depth(7-8cm)

· Treatment time( less 1 hr)

· Reduction of harmful radiations

· Hospital based facility

· Easy a radiation licensing

· High flux epithermal neutron

· Reduction of harmful radiations

· A good hospital based facility

·Medium flux epithermal neutron

· Production of harmful radiations

· A good hospital based facility

·Medium flux epithermal neutron

· Production of harmful radiations

(Tritium, Induced Radiation)

· Compact size for a medical facility
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Requirements of  Accelerator based BNCT System

× ×

1.  Quality of neutron beam 
- Epithermal neutron spectrum

2.   Quantity of neutron beam 
- Epithermal neutron flux

3. Reduction of harmful radiation doses
- Fast neutrons / thermal neutrons

- Prompt gamma radiation

4. Elimination of induced radiations dose
- Induced radiations from 

Requirements for Neutron Sources Considerations as a Medical Facility

1.  Hospital based facility

- Small size & area 

- Connection with other diagnostics 

- Easy operation (automatic controll)

2.  Safety

- Radiation safety

3. RAM 

- Reliability, availability, maintainability

4.  Cost Effectiveness

- Machine costs

- Operation costs
Distribution of moderated neutron energy

Thermal Epithermal

Cyclotron
(30MeV 1mA)

LINAC
(10MeV 8mA))

Fast
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2.  Introduction to the A-BNCT Project
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× Accelerator & Fusion Projects × Participating Foreign BNCT Projects 

Æ iBNCTProject at Tokai, Japan.

·Business ;

j Development & Delivery of a modulator

for high power RF Source

kMaintenance Project for RF System

·Collaboration : 

jContribution to a foreign BNCT project using 

Dawonsysô Technologies.

kConstruction of international network to develop 

the Accelerator Based BNCT.

Æ OIST-BNCT Project at Okinawa, Japan

·Business : 

jDesign of New type Klystron Modulator 

kSolenoid Magnet & Its Power Supply

·Collaboration : 

Participation and contribution to a commercial

BNCT project. 

Æ Light Source Projects

·Modulator & MPS for PLS

·Modulator& MPS for Pohang XFEL

Æ Medical Heavy Ion Accelerator Project 

·Investment Agreement to develop heavy ion accelerator

·Precision Dipole MPS 

Æ Heavy Ion Accelerator Project (RAON)

·PrecisionMPS 

Æ Intense Neutron Source Project at KBSI

·RFQRF Power System

Large Accelerator Project in Korea 

Technological Bases for a BNCT system at Dawonsys

ÆKSTARProject of NFRI 

·NBI Power Supply

·ECH Power Supply

·PF & TF Magnet Power Supply  

Æ ITER(International Thermonuclear Experiment Reactor) Project

·ITER Converter Module 

·ITER Superconducting Magnet PS 

Nuclear Fusion Project
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History of A - BNCT Project at Dawonsys

Year

Month
A-BNCT Development Activities Results

15. 03
BNCTcommercializationplanpassed

theboardofdirectorsofDawonsys
ĀOverallplanningofBNCTbusiness

15. 05 Compositionof aconsortiumofA-BNCT

ĀOrganizingcooperationactivitiesamong

industry,institutes,universitiesand

hospitals.

15. 06 StartA-BNCTsystemdesign

ĀDesigninjector/RFQ/DTL

ĀDesigntargetassembly

ĀWBSprojectmanagementsystem

ĀDesignbuildingandutility

15. 10 InvestmentagreementforA-BNCT
ĀAttractinvestmentofbuilding&

utilitiesfromBRC/GachonUniv.

15. 11 AgreementonutilizationofA-BNCT ĀDawonsysïGilHospital

16. 03 Agreementonborondrugdevelopment ĀDawonsysïGachonUniversity

16. 03
Proposeagovernmentproject

todevelop&CommercializeA-BNCT
ĀReview&evaluationprocess
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Æ Project Name : Development of the accelerator based Boron Neutron Capture Therapy system 

for the cancer treatment within ñ1 hourò therapeutic time

Æ Project Period :  2016 . 5~ 2020 . 12 

Æ Leading Organization :  DawonsysInc.

Æ Participating Organizations :  Gil Hospital, GachonUniv., PAL, KAERI and KBSI 

Æ Developed Items :  Proton Linac, Be Target / Moderator Assembly,  Dosimetry (Neutron & Gammas),   

Radiation Safety & Licensing,  Boron Compounds,  TPS(Treatment Planning System), 

Clinical Trials, Government Approvals of Boron Compounds & BNCT Treatment 

BNCT TPS
Brain 

Tumor
Head &Neck 

Cancer

A- BNCT Facility BNCT Treatment

Summary of A - BNCT Project 
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1.   To achieve and exceed characteristics of  neutron source

for BNCT recommended by  ñIAEAò 

2..  To  reduce a  treatment time, less than 1 hour by delivering 

high flux of epi-thermal neutrons  over2X 109 [n/cm2.s] 

3.  To establish and implement a precise  treatment planning system

through real time measurements of radiation doses and 

boron concentration for each  patient.

4.  To realize  safety, reliability, availability, maintainability and 

easy operation of  the system as a medical facility.

5.  To prepare 2 treatment rooms and a research room 

for effective utilizations of the facility 

× Performance Goals  

·Epithermal Neutron Flux: more than 2X 109 [n/cm2.S] 

·Ratio of Epithermal Neutrons/ Thermal Neutrons: more than 20 

·Fast Neutron Dose / Epithermal Neutron Dose: less than  2x10-13

·Gamma Dose / Epithermal Neutron Dose : less than 2x10-13

·Neutron Irradiation Field: about15 x 15 cm2

ÇNeutron Source

Ç Accelerator & Target

× Qualitative Goals  

Set up Goals for  A - BNCT facility

·Type :  High Power Proton LINAC 

(50kV Injector + 3MeV RFQ + 10MeV DTL+ BT)

·Beam  Energy :  Two Operation Modes

10MeV (for a high neutron flux operation)

·Beam Current (Average / Peak) : 10 / 50 mA

·Beam Power : max 80 kW

·Target / Cooling  :  Be / Water 

Ç Treatment Ancillary Facilities

·Rooms : 2 treatment rooms, 1 research room 

·Treatment Planning System : S/W, H/W

·Diagnostics : MRI, F18-FET, CT

·Patient Positioning & Alignment Devices
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Fields and  Interfaces of A - BNCT Collaboration   

Accelerator Clinical Trial

Boron Drug 

Dose Mesurement/ Treatment Plan

Target Assembly

Building & Utility

Radiation Safety 

Permission
(KAERI / Medax)

Diagnostics(PET/MRI)

(Gil Hospital) 

(GachonU.)(PAL)

(Medax/SNU)(KBSI /Medax)

(BRC / Gil Hos.)

(GachonU. / Gil Hos.)

Facility Medical Treatment

(Dawonsys)

Drug & Treatment 

Permission

( Medax)

FRM (Facility Review Meeting) MRM (Medical Review Meeting) 

* Contents of this Presentation 
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Fabrication of  Components (1st -2nd yr.)

Development of Boron Compounds(1st -3rd Yr.)

·BNCT 3rd Stage

·Facility Transfer

to the Hospital

Building: 35.3 x 21.8 m2 , Radiation Shielding

Utility: Electricity, Cooling Water, Air Cond. etc

1st Stage Trial

2nd Stage Trial

Proton Beam :  Energy7~10 MeV,  Power1"20"80 kW

Epithermal Neutron Flux :  0.03"0.5"2 x10 9 n/cm2s

Boron Drugs: BPA. BSH, 18FBPA Cancer Cell Uptake of B-10: 10"25 ɜg/g

Boron Ratio of  Cancer/Normal Cell: 2"4 

FinalGoal

Report on In-Vitro Experiment

Boron Drugs

Proton Linac : Injector + RFQ + DTL + BL

Target System: Be Target + Assembly 

Synthesis of B Compounds In-Vivo Exp. (Man)In-Vitro Exp. (Cell, Animal)

Objectives & Schedule of A - BNCT

Constr. of  Building & Utility (1st -2nd yr.)

Installation & Commissioning(3rd - 5th yr.)

Clinical Trial(3rd - 5th yr.)

Entrance


