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Domestic introduction process
for the clinical use of BNCT system
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Biological target therapy, BNCT
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Boronophenylalanine (BPA)

Cancer targeting drug
L-type Amino Acid Transporter 1 (LAT1)

Thermal neutrons

o —

7Li nucleus
200 keV/pm

Neutron

Neutron Capture of Boron
Thermal (En < 0.5 eV) & Epithermal (0.5 eV < En < 10KeV)

Boron

B
5

o‘} Alpha particles

¢ 150 keV/pm
L




S29|2%E (Boronophenylalanine)
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BPA

HO

Tyrosine
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A 9|%E (Boronophenylalanine)
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L-type Amino Acid Transporter 1 (LAT1)

9
;

LAT1 I Cell proliferation | I Autophagy l I Apoptosi |

Hayashi K et al. Targeting LATs in cancer
management, WIGO, 2017

Hayashi K et al. Targeting LATs in cancer
management, WIGO, 2017

12 transmembrane helices




Physical dose

Gy-Eq : Equivalent Dose

S

CBE

2 DAWON
MEDAX
—
X CBE/RBE
O

Boron

— 10B(n,x)’Li —— Boron Dose

Depending on boron concentration and thermal
neutron flux

— 14N(n,p)*c — Nitrogen Dose

RBE Nitrogen

Nitrogen in tissues with thermal neutron (E,=0.58
MeV)

— 1H(n,n)p — Hydrogen Dose

RBE Fast neutron

Hydrogen in tissues with fast neutrons

RBE

14

— 1H(n,y)?’H — Gamma-ray Dose

Primary gamma-ray dose from beam port (E,=2.2 MeV)
Secondary gamma-ray dose generated in neutron and hydrogen

Gy-Eq : Equivalent Dose

Tumor dose

dose

Normal dose

M.S. Herrera et al. / Physica Medica 29 (2013) 436e446
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A-BNCT Project
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[ Project Name : Development of the accelerator based Boron Neutron Capture Therapy system
for the cancer treatment within “1 hour” therapeutic time

O Project Period : 2016.5 ~ 2021.6

O Leading Organization : Dawonsys Co., ltd. & Dawonmedax. Co., Itd.

[ Participating Organizations : Gachon Univ. Gil Medical Center, Gachon Univ., PAL, KAERI and KBSI

Developed Items : Proton Linac, Be target / moderator assembly, radiation safety & licensing, boron
compounds, TPS, dosimetry (n&y), biological experiment (cells, animals), clinical Trials
supported by Ministry of Trade, Industry and Energy (MOTIE)

Boronophenylalanine

BPA* 1V injection

o]
OH

H(lB NH;

OH

BPA
(Boronophenylalanine)

- 10B delivery cancer targeting drug by LAT1
« Safe and effective boron drug

Injection of bron drug Accumulation in

cap*!ls

Modality of BNCT

Neutron Irradiation Cancer cell targeted th

<Accelerator of BNCT> <Treatment room of A-BNCT center >

Neutron Irradiation Selective cancer cell
e o




A-BNCT collaboration ’ OAWON

Fields and Interfaces of A-BNCT Collaboration

Boron
concentration
(Medax)
Boron Drug
Medax
Accelerator ( ) Clinical Trial

(Dawonsys)

ent / Treatment Plan (Gil Hospital &
Medax) (Medax Major Hospitals)

[
[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

Preclinical I

iagnostics(PET MRI? trials :
(Gachonu. / G| Hos -
[

[

[

[

[

[

[

[

[

(Medax)
Radiation Safety Drug & Modality &
Permission Treatment planning system Permission
(KAERI / Medax) ( Medax)
e o o o e U .
FRM (Facility Review Meeting) MRM (Medical Review Meeting)
« Online seminar in 2021 * Online seminar in 2021

Educational program in Nov. 2019 & 2020
2"d MRM on Nov. 9, 2018
1st MRM on Oct. 27, 2017

» 3rd FRM on Nov. 8, 2018
« 2" FRM on Nov. 9-10, 2017
» 1st FRM on Sep. 8- 9, 2016.




Construction of BNCT center
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BNCT center facility

nside of Treatment Room!

Dosimetry lab

Proton LINAC

OAWON
MEDAX

Moderator
Assembly
(Inside)

Treament Room #1

Machine
Entrance

Accelerator Room

Treatment]

Patient’s monitorin
e e e =

Managemd

Control

Reception \

Pretreatment ro
IC-MS

Emergency Exit

Entrance

Main Control Room




BNCT system Jposson

& Production of BPA 4% Installation of proton LINAC BNCT system
« Accumulated in cancer cells.

4 )

« Ion source, RFQ, DTL, beam lines, BSA, Be target etc.

Boron + amino acid
Brain tumor
COyH
HO._ NH
" d' Head and nedt & skin cancer
B
BPA
NG J
BPA
D-sorbitol B ‘|' .‘ <= 'I.'L R - I
. . . eam lines on Source
Sodium bisulfite (Drift Tube LINAC)  (Radio Frgquency
H20 Quadrupole)
5N NaOH
4% Permission of Radiation safety & reports of safety
4% Treatment planning system |[= .. . — i o Sy )

Certificate of GMP) YALU AT IIAISSI0IE

R R |

- | e v cwmnsn o =
mwnwwlﬂ ﬂi‘t‘%"!i‘ﬂﬁﬂﬁ




Non-clinical trials

O U87 in vivo efficacy tests
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Radiobiological methods for out-of-field dose measurements WEDAX

O Bio dosimetry (CHO cell) for BNCT : normal brain dose 13 Gy-Eq irradiation at 1.0x10° flux, 47.5 mins

(mData — Ve Curve  Upper 95% CI — Lower 95%CI | 1 20E08
2 : ! : : ! : : : : ‘ 1.00E+08 | I e - Bt W amard e e o
_1 2 S Ol f b At WAL T A : ,,,,,,, ,1 Savzevevsibasnears BABS s s ARRTu e s .
.g ") S NN IR SO SRS SO SRR SO i 1 8.00E+08 ‘ | I —]' l ‘ |
50'3. ....... ............ - 6,00E+08
Eo.e ‘ ‘ T M g ; : J
4 00E+08
8 04
2 00E+08
go.z [J
0 - - - : : : - : : , : 0.00E+00 |
0 05 1 15 2 25 3 35 4 45 5 3 [ 11:09:36 11:16:48 11:24:00 113112 11:38:24 11:45:36 11:52:48
Dose, Gy
Dose response curve of CHO cells Neutron monitoring during irradiation

(epithermal neutron)

By Radiation Health Institute | Korea Hydro & Nuclear Power




Clinical trials for the approval of new modality, software and drug - %EBH X

Nuclear Safety and kt Korea Testing Ministry of Food and
Security Commission Laboratory Drug Safety

e - ” (' ” Q

gAl_lgl§7I7l x|§A1 RUSA S A2020 - 2%
HAY o) 21771 AFM

HEX My(dEd) @ gMa(1961d 018 12¢)

19 gliebelega
3. HIZEAAM (FAFA) AA| : HI|E A ST AlHESER 2.4 M A):
485 s
¥ A QHARA A
4. MNO|BI|J|Z R He|eR @ A BI= | G A TSR 485
(@32 45

5. MAISIRIIY| W ¢ JH4Y| VU Ba BMK EY o KBHA 3§ WA
(MEW, Bsy, 2uy) (ABNCT), X 2SS HRLEAIZR| DH-BNCT - 4. %3271k /lF el 24 34 (2020, 12,01 ~ 2023 11. 30)
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Medical Device and e
Innovative Medical Device : 20204 1280 19
Company by Medical - \
pany by Ca qg-zlersﬂﬂx@%%g . Y 2x) 2 :'. ﬁ

device Industry Law

Approval of Radiation Safety for the site of Proton LINAC based BNCT system
Selected as a medical device approval guide program of MFDS

Preclinical

study

Selected as a Pharm Navi guide program of MFDS
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Treatment control roo!
Treatmentroom
LINAC acceleratorro
Accelerator controlroom
BPA injectionroom

ICP-MS equipmentroom
Blood sample analysisroom
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A Multi-centered, Radiation Dose Escalation, Open, Exploratory,
Phase 1/2a Clinical Trial on the Safety, Efficacy and Pharmacokinetic Characteristics of
BNCT(Boron Neutron Capture Therapy) in Patients with Recurrent High-grade Gliomas

Primary Endpoints

v' Phasel
« To assess the safety and tolerability of BNCT in patients with previously
irradiated high-grade glioma
v' Phase 2a
« To assess 6-month PFS using modified RANO criteria in patients with
recurrent GBM
Secondary and Exploratory Endpoints

« Efficacy parameters
« l-year OS
« Median OS
* Median PFS using Modified RANO criteria
 ORR using Modified RANO criteria
 1BF-FET or 18F-FDOPA PET/CT

* Pharmacokinetic and Safety endpoints

*Details may change after the close discussion with MFDS which is ongoing after IND submission
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v" The Phasel, is a radiation dose escalation design, 3+3 design, consisting of
three cohorts in total

* There will be a 3 month safety assessment period for each cohort
* Radiation dose cohort will be 9, | |,and |3 Gy-Eq of maximum normal
brain dose

v" The Phase 2a consist of continued assessment of safety and additional patients
enrolled for assessment of efficacy (n=12)
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