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1) Quality of life after Cancer therapy
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Something’s wrong?
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DiagnOSiS Buccal mucosa SCC, cT4aNO, Stage IV A H—

Oral examination

Image diagnosis
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Cancer treatment ~Surgery™

The cancer
has been
cured!
But...

This is not
what |
expected

The patient still need to do rehabilitation.
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Willingness to work after cancer in Japan

| want to quit working Other

4%1°

| want to change the way 1 work an
continue working

1 Reason for wanting to continue working : 96 %

* Maintenance of livelihood; 81.7 %

| want to continue working in the same way. 78% '+ Fulfillment and purpose in life; 35.3 %
* Treatment cost; 28.6%

*Multiple answers

The cancer patients who are working while receiving treatment: 53.6 %
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From Anatomy based to Biology based cancer treatment

Anatomy based therapy

Tumou Surgical resection
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Nature Reviews Cancervolll, 2011

Nature Reviews | Cancer

Biology based therapy

The Future of Cancer Treatment

Battling Metastases
Stopping tumors from
spreading

Personalized Medicine
Antibodies can be produced that
target and destroy cancer cells

Epigenetic

Drugs
Regulating the genes
that cause cancer

Immunotherapy
Vaccines, cytokines,
checkpoint inhibitors,
immunomodulating
drugs

Cell Based Therapy

4 Immune cells are isolated, genetically = ok h“"
2.‘ re-engineered to attack the patient’s weport
All Treatment Begins With a Diagnosis Made by Pathologists tumor and re-infused xw%wﬂ»w et

Function-Sparing Therapy
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Management of head and neck cancer

Anatomic Era

Biologic Era

MK2206

12017

Biologically P
Targeted Cetuximab PR-104
Therapy Aopimycin
HPV
Biological EGFR AKT
PI3K JAK-STAT
Targets miRNAS
/ Oncogenic
i[ol:cuilar St Pol ‘!:l\.nnan =3 mﬁ:
nalysis DNA resolved chain reaction HPV in OPSCC
Sequenced EBV in NPC HNSCC
Systemic Single agent Concurrent :u‘;r::’;gs
Therapy Chemotherapy Chemo- e e
Py for HNSCC radiation L St
cytotoxins
S B Intensity-
Radiat i o il Radiati )
Radiotherapy =y & Ra Ssp Modulated
. erapy Therapy erapy Fovt Radiation
(Cobalt-60) Fractionation T v (IMRT)
Surgery : : Modified
Ben Radioal Neck: || 4 0itdotics i Radical “reconstructive
Dissection Surgery Dissecti R
(Crile) (Hayes Martin) (Suarez and Bocea)
1900s 1940s 1950s 1960s 1970s 1980s 1990s 2000s 2010s

Int. J. Cancer 2013

Insurance medial treatment in Japan

2012 : Cetuximab (EXTREME trial)
Immune checkpoint inhibitor
Nivolumab (Checkmate 141

clinical trial)
2019 : Pembrolizumab (KEYNOTE-048)

| Chemical surgery

2020 : BNCT system (JHNOO2 study)
2020 : ASP-1929 photoimmunotherapy
(NCT02422979)
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2) Boron Neutron Capture Therapy_f_or Cncer
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History of BNCT

1932: J. Chadwick discovers the neutron

1936:G.L. Locher proposes _

1951: W. Sweet initiates BNCT clinical trial

4He(1.78 MeV)+'Li(1.01 MeV)

*He(1.47 MeV)+7Li(0.48 MeV)




Targeted Boron-10 Therapy for Cancer

0B (n, &) ’Li capture reaction

Thermal Neutron

9 um
a Particle No damage to surrounding tissue
S RRLMEY - High quality of Life

10B

’Li
0.84 MeV
Prompt
gamma-ray
478keV




Non-Boron-10 in human body

Atomic Composition of a Man

Others ( 70 kg)

Atoms Ratio | Neutron
7 X102%7 atoms [%] Cross

Nitrogen )
sections

Hydrogen [ba rn] *

Oxygen 61 2700 43 kg 1.61 x10% 160 99.757 <0.0002
Carbon Carbon 23 1300 16 kg 8.33x10%° 26 98.93  0.0037
Hydrogen 10 6900 7 kg 4.22x10% H 99.989 0.332
Nitrogen 2.5 129 1.8 kg 3.9x10% N 99.632 1.75
Calcium 1.4 25 1.0 kg 1.6x10%° 40Ca 96.941 3.4
Phosphate 780 g 9.6x10%* 0.19

L
98 20 385
* thermal neutron(En=0.025eV),1[barn]= 1X10%* cm?

Reference: Emsley, John, The Elements, 3rd ed., Clarendon Press, Oxford, 1998
http://www.foresight.org/Nanomedicine/index.html, 2006.
https://wwwndc.jaea.go.jp/NuC/index.html

https://courses.lumenlearning.com/nemcc-ap/chapter/elements-and-atoms-the-building-blocks-of-matter/ %k Aﬁiﬁ (i$g70%75§7k (H O) o
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A single irradiation of BNCT

Therapeutic ratio (TR) = D2/D1: TR>1

” y
5 90 i /
5 _ @/
Dose advantage e X [ |
Boron in tumor cells S g |
dose S g I
5 8 so- i
o |
o 2 |
4mm Tolerable dose 2 2 :
Boron dos¢ Q' |
a € / |
Gamma-ray Gamma-ray © o |
dose dose o = / |
Hydrogen dosg Hydrogen dosd 5 L
Nitrogen doseg Nitrogen dose D1 D2 Radiation Dose
Total dose in  Total dose in 1 time treatment
tumor cells normal cells - Early return to society

< Japan.
¥ Committed
to SDGs

\/ Z=d

[\\ S

@
i

NeuCure BNCT System and NeuCure BNCT Dose Engine (f
_Sumitomo Heavy Industries, Ltd._Review Report (% NTRC NS



BNCT Procedures

BNCT procedures

Give patient boron compounds Before commencing BNCT, the accumulation of boron
by intravenous drip. compounds in the cancer is checked by marking boron agents
with a radioactive nuclide and administering a PET inspection.
After determining that a sufficient level of boron can accumulate
Boron compounds in the cancer, the patient receives a dose of boron compound
and is irradiated with an epithermal neutron taken from a nucle-
ar reactor or an accelerator. Neutron thermalization of the epith-
ermal neutron then takes place in the body and the boron reacts
with the cancer to selectively destroy the cancer in an effective

l manner.
NomaI cell F Cancer cell /, Thermal neutron
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Boron compounds are Irradiation of Within a cancer cell, Cancer cells are

taken into cancer cells thermal neutrons. the nuclear reaction of destroyed in a highly

selectively. boron and a neutron selective manner.

generates radiation.
http://www.pref.osaka.lg.jp/jigyochosei/bnct-jituyouka/
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3) Accelerator based BNCT system

Country Institute/Hospital Accelerator type Target material Beam energy (MeV) Beam current (mA) Status

Japan Southern Tohoku Hospital Cyclotron Be 30 1.0 Treatment
Kansai BNCT Research Center Cyclotron Be 30 1.0 Treatment
Kyoto University Cyclotron Be 30 1.0 Research
National Cancer Center Hospital Linac Li 25 12 *1
Edogawa Hospital Linac Li 25 12 *1
University of Tsukuba Linac Be 8 2.1 *2
Nagoya University Electrostatic Li 2.8 15 *3
Shonan Kamakura Hospital Electrostatic Li 2.6 12 *3

Finland Helsinki University Hospital Electrostatic Li 26 12 *2

China Xiamen Humanity Hospital Electrostatic Li 2.5 10 *1
IHEP Linac Li 35,28 2.9,20 *3
China Institute of Atomic Energy Cyclotron Be 14 1 *5
Lanzhou University Electrostatic Li 26 15 *5

Italy CNAO Electrostatic Li 2.5 10 *5
INFN Linac Be 5 30 *4

S. Korea Gil Hospital Linac Be 10 8 *1

UK. Birmingham University Electrostatic Li 2.6 12 *4

Russia Budker Institute Electrostatic Li 2.0-2.3 10 Research

Argentina CNEA (deuteron) Electrostatic Be, C 1.45 30 *4

Spain University of Granada Electrostatic Li 2.1 30 *5

#1: Clinical study, *2: Preparation of clinical study, *3: Commissioned, *4: Under development, *5: In planning
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Accelerator BNCT system

(Production of neutrons)
Collimator
(Collimation of irradiated area)

| Accelerator | Beam transportation system

« Cyclotron

- Linac E Radiation shield Laser pointer
 Electrostatic Beiylliam targét E (Radiation protection) (Patient positioning system)

Magnet
(Beam transport system)

Fast neutrons [Sdigtiyrl

T

|
|
Scanner magnet | . Patient couch
(Broadening of the iradiated area) | L ggm% (Patient positioning system)
Cyclotron | Moderator
(Production of proten beams : (Neutron moderation
30MeV,1.1mA) :
Skin
Target © e
 Beryllium ‘Hitoms
 Lithium Epithermal neutron % 4 ©
_______ > i !
g o O Thermal neutrons
[+
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Accelerator based BNCT hospitals in Japan

0 (FEEMIBTE Cyclotron & Be target BNCT hospitals: 6 ¥ &4t i BN C t Electrodynamic linear Accele tor
(30 MeV, 1mA) Patient treatments: 2 & Be target (8V !

Clinical trials:3

Comimissioning:1 fﬁ Tsukuba University
7 (Clinical trials)

Electrodynamic linear Accelerator
CICS & Litarget(2.5MeV, 20mA)

RFQ linac ‘ Magnet  Bending magnet

==

National Cancer Center
(Clinical trials)

Edogawa Hospital
(Clinical study)

30 MeV Acceleratc

neutron Electrostatic accelerators  rowtine toreet

+ Beam Shaping

herapeutics & Li target (2.6MeV, 30mA) Assembly
Robotic image

guided patient : .- et
positioning B - ~ T

_ Beryllium target
&

2.6 MV, 30-40 mA
Electrostatic Proton
Accelerator
CT scanner on rails

A
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Boron-10 for BNCT in Japan & STELLA PHARVA

(HO),B

Product Name Steboronine®

intravenous drip bag 9000 mg/300 mL
Generic Name Borofalan [10B]
Indications Locally unresectable recurrent or unresectable advanced head

and neck cancer
Dosage & For adult patients, Borofalan [10B] is administered intravenous
Administration infusion at approximately 500 mg/kg. In particular, for the first

two (2) hours, the amount of Borofalan [10B] per hour is
adjusted for 200 mg/kg (i.e. total amount for 2 hours: 400
mg/kg). After that 2 hours, neutron irradiation to the cancer
lesion begins, and at the same time, Borofalan [10B] is
administered at 100 mg/kg for one (1) hour until the neutron
irradiation is completed.

NHI Price JPY 444,215 (per 300mL bag)

Manufactured by Stella Pharma Corporation

https://stella-pharma.co.jp/cp-bin/wordpress5/wp-
content/unloads/2020/05/Steboronine-launched ENG odf




Accelerator based BNCT systems <@ rEtgmTs

O TREMIHTE Cyclotron & Be target

(30 MeV, 1mA)

Southern Tohoku BNCT Research Center

Feb. 2016 - June 2018 Phase II Clinical Trials;
Recurrent high-grade glioma

July 2016- Feb.2018 Phase II Clinical Trials; Head and
neck cancer

June 2020~ Medical treatment covered by health
insurance; locally advanced or locally recurrent head
and neck cancer

.: N §~
RN
*Pengbo (Hinan) Medical : £
Technology in China
(2025-planned)

30 MeV Acceleratc
=¥
" ,‘A4~ Beryllium target

£ . and moderator
Y5,

Treatment
room

o
# L)

/ G
Patient bed & chair. o Preparation

Kansai BNCT Medical Center

June 2020 ~ Medical treatment covered by health insurance;
locally advanced or locally recurrent head and neck cancer
2022~ Clinical study; Recurrent malignant glioma

Kyoto University (prototype)

Oct.2012-April 2015 Phase I Clinical trials; Brain tumor

Jan. 2016 Jan.- June 2018 Phase II Clinical Trials; Brain tumor
Feb.2014- Jan. 2016 Phase I Clinical Trials; Head and Neck

o
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Southern TOHOKU BNCT Research Center &}==itBNcTast>5—

https://youtu.be/NrGtA2Cd3_k (('\» NTRC U @‘”’



Kansai BNCT Medical Center

Pharmaceutical University

30 MeV Accelerator

__ Beryllium target
agd moderator

Patient Transporter

12U

100

2020~ BNCT for head and neck cancer =
290 cases ( until 2024 March) . I
> m B
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2020 ~ BNCT for locally advanced or locally recurrent head and neck cancer
BPA (Steboronin ®) for BNCT: 558 head and neck cancer cases (~¥2024 March)

betw ggsl\/Ii)aﬁ;r(l)tZS()regiisge;ﬁ* h, 2023 Patients
etween ay, an arch, . . .

L i * Prior conventional radiotherapy : 93 %
179 early treatment cases in 162 patients * Prior chemoradiothera py: 79%

covered by CRF survey until 31 January, 2022

17 cases excluded due to second
» registration for treatment to relapse
after BNCT

162 first treatment cases in
the safety analysis set

7 cases excluded from efficacy analysis
4 with inadequate neutron irradiation
2 with uncollected CRF after 6 months
2 with unsatisfactory tumor response
1 with off-label use

\ 4

A 4

155 cases in the efficacy analysis set

SCCHN (n = 137) NSCCHN (n =17)

ORR, % (95% CI) 72.3 (64.0-79.6) 64.7 (38.3-85.8)
“Best overall response

CR, 1 (%) 63 (46.0) 8 (47.1)
PR, n (%) 36 (26.3) 3(17.7)
SD, n (%) 31 (22.6) 5(29.4)
PD, n (%) 6(4.4) 0
NE, n (%) 1(0.7) 1(5.9)

Abbreviations: SCCHN, squamous cell carcinoma of the head and neck; NSCCHN, non-squamous cell carcinoma
of the head and neck; ORR, overall response rate; CI, confidence interval; CR, complete response; partial response;
SD, stable disease; PD, progressive disease; NE, not evaluated.
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DOI: 10.3390/cancers16050869 (ONTRC &£ 0 @



BNCT for Recurrent laryngeal carcinoma

15 patients, median age 74 years

Patient and tumor characteristics and treatments administered.

OMPU

Patient Age (y), Gender Subsite TNM Initial therapy Time from initial rTNM Recurrent
RT to BNCT tumor diameter
. (m) (mm)

Function of Larynx . v sloric TIaNOMO 1 706y 5 T s

La rynx 2 64/M glottic T2NOMO CRT(CDDP) 70Gy 82 rT2NO 14

P i 3 74/M glottic T1aNOMO RT 66 Gy, TOLS 44 rT2NO 14

Voice box 4 55/F glottic unknown CRT(CDGP) 66Gy 107 rT2NO 15

. 5 81/M glottic T2NOMO BRT(Cetuximab)70 Gy, SOHND 76 *T2NO 16

* Res pira to ry Parts of the larynx 6 84/M subglottic T2NOMO CRT(CDDP) 70Gy 87 £T2NO 17

@ S u praglo t tiS 7 84/M glottic unknown RT (dose unknown) 150 rT2N0 18
" b h . ”, H d 8 81/M glottic T2NOMO RT 67 Gy, TOLS x 4 45 IT2N1 9

re at N g . tO p rovide 2 9 74/M glottic T3NOMO CRT(CDDP) 67 Gy, TOLS,S-1 28 rT3NO 12

. @ Glottis 10 85/M glottic T3NOMO RT 70Gy 10 1T3NO 15

. 11 61/M glottic T3NOMO CRT(CDDP) 70Gy 6 *T3NO 20

an o p en al rway @ Subglottis 12 74/F glottic T3N1MO TPF, CRT(CDDP) 16Gy 12 rT3N1 11

“ . ” 13 87/F glottic T2NOMO RT 64.8Gy 47 +T4aNO 15

L4 P h onato ry S p ea kI N g 14 69/M glottic T1aNOMO RT63Gy, TOLS, PIT 95 1T4aNo 20

15 74/M glottic T1aNOMO RT 70 Gy, Partial laryngectomy 139 1T4aNO 22

RT: radiation therapy, CRT: concurrent chemoradiotherapy, TOLS: Transoral laser surgery,.
CDDP: cis-diamminedichloroplatinum, CDGP: cis-diammineglycolatoplatinum.

SOHND: supra omohyod neck dissection, PIT: Ph.otoimmunotherapy. Tu m O r res po n Se at t h ree m O nt h S

after BNCT SD PD
n=1 n=0

to provide a Tyl
mechanism for sound Car’[llage
production

* Protective: to prevent
food or drink from
accidentally entering
the trachea

| \
\ Y Trachea
S\

M
bd

Cleveland
Clinic
©2023
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Accelerator based BNCT systems @cics

°CICS Electrodynamic linear Accelerator
& Litarget (2.5MeV, 20mA)

Magnet  Bending magnet

Accelerator room
(Basement 1)

Magnet

° e
"lrradiation room |
(Basement 2)
{ b % Li target
) —— Beam shaping assembly

— Irradiation bed

N, ch R fh
National Cancer Center Hospital

National Cancer Center Hospital

November 2019 ~ 2022 Phase 1 Clinical Trial; Malignant
Melanoma & Angiosarcoma

November 2022~ Phase 2 Clinical Trial; Angiosarcoma
September 2024 ~Phase 1/2 Clinical Trial; FBPA-PET positive
recurrent thoracic solid malignant tumor

HefEIbEA TS
IR IIER:

Edogawa Hospital

July 2023 ~ March 2024 Clinical study; Recurrent breast cancer
after radiation therapy

August 2024 ~ Clinical study; FDG-PET positive tumors
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2019~ BNCT for scalp angiosarcoma S ..

Mational Cancer Center Hospital

Phase 1 clinical trials; maximum dose to skin 12 Gy-Eq

68-year-old female, 66-year-old female,

Right temporodorsal scalp mass; 35 X 28 mm and 22 mm Dorsal scalp mass; 29 X 23 mm and 10 mm
Blood boron concentration; 42.2 ppm Blood boron concentration; 36.5ppm

Proton charge; 9526 mC Proton charge; 11636 mC

Irradiation time; 17mins Irradiation time; 20 mins

Epithermal neutron; 5.3 X 10! cm-2 Epithermal neutron; 6.3 X 1011 cm-2

(a-l)_'t")"iiy-29 a-2) Day3 ~ WF(a:3) Day8 I\ F(aHd) Day 11
N A

A b
"&,
~y

Before BI\fET
4 Day 31 (a-6) Day 97 (a 7) Day 181 Na-8) Day 370 = Before BNC'F

(a 6) Day\§ Y’n DAV'186 [) Day 368 .

(b-2) (b-3) (b-4)

N N’

« Complete Response (CR) g&*> 0 (b-7) )

2N

https://doi.org/10.1016/j.ctro.2022.02.006 ((@ NTRC
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2022~ BNCT for cutaneous malignant melanoma

(8 vk o pastes Acral cutaneous malignant @R Surhize S~
. ) | chRfRER
opEN ACCESS melanoma treated with linear \_ -/ MNaticua] Cancer Certier Hospital
e accelerator-based boron
Kyoto University, Japan
neutron capture therapy system:
e a0 a case report of first patient

Shonan Kamakura General Hospital, Japan

72-year-old female, malignant melanoma on a second finger of the left hand, Tumor size; 20 X 12 mm
’ Before BNCT

Maximum dose of the skin; 18 Gy-Eq
Blood boron concentration; 33.7 ppm

Proton charge; 18230 mC * High QOL
Irradiation time; 30.4 mins  Complete Response (CR)

Epithermal neutron; 9.7 X 101! cm-2

. < Japan.
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™ to SDGs
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2023~ BNCT for recurrent breast cancer xrFums

June 2023 ~ March 2024 Specific Clinical Research; Recurrent breast cancer after radiation therapy
Cureus open Access Case

Part of SPRINGER NATU Report DOI: 10.7759/cureus.57417

61-year-old woman
Left breast cancer ; Chemotherapy, mastectomy (ypT2N1MO), and radiotherapy with 54 Gy in 30 fractions

The recurrence in the left chest ; Surgery ,radiotherapy with 50.4 Gy in 28 fractions and chemotherapy for 3 years
The further recurrence on the left chest wall; BNCT

Dose distribution map for BNCT 90 days post-treatment Before BNCT 6 months post-BNCT

The prescribed dose of ipsilateral lung;
Minimum dose; 23.6 Gy-Eq, Average dose ; 2.7
CT scans after BNCT showed no evidence of radiation pneumonitis.

Q”
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2024 ~ BNCT for FBPA-PET positive recurrent solid thoracic malignant tumor

. _ _ BN AHREY I —
Recurrent Adenoid Cystic Cancer of rt. Parotis &, chR s

National Cancer Center Hospital

CO,H FDG ['8FIFBPA

P .
CO,H Y 5
HO ‘ i R

L-BPA =3 NH

OH . - -~ s

@ sztt= 14
_ o~
L-FBPA @ NH,
OH

http://www.jsnct.jp/about_nct/pet.html ((%b NTRC |:| @‘Ja""’
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RPN

University of Tiukiuba

Accelerator based clinical BNCT systems
HASH i BNCt

Electrodynamic linear Accelerator
& Be target (8MeV, 5mA)

Tsukuba University
February 2024~ Phase 1 Clinical Trial; glioblastoma

Irradiation room




Sy
& neutron
S therapeutics

Accelerator based clinical BNCT systems

[N

M timskae b 8.

SHONAN KAMAKURA GENERAL HOSPITAL 37+

v

-
%neutron _ Electrostatic accelerators
Stherapeutics & Litarget (2.6MeV, 30mA)

25m

Technical space 17m?

= Lithiated plastic
I Rotating Li target
_ + Beam Shaping Assembly
Treatment room

el | i -

Dosimetry /’/‘" %

hﬂ:zw L |_| /:,

~ - '-.
the hospia s : Leo Cancer Care Upright 2.6 MV/30 mA
Patient Positioning Electrostatic Protor
Accelerator

Siemens Somatom CT

Robotic image guided
scanner on rails

patient positioning

p - ——— i, System.
ﬁ ’ Bunker

?‘\""Dtg 4

INTERPHARMA OH
PRAHA, a.s. HO. NH,

4-(Borono 10B) -L-phenylalanine 1UB
Molecular Formula: CoH12BNO4 OH
C.AS. No.: [80994-59-8]
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gpw. é U Committed
////ﬂ\\\\ P to SDGs




Development of Accelerator based clinical BNCT (~ Sep. 2024)

China Ja pa n 2016-2019 Phase 2 Clinical Trial; Head and neck cancer

June 2020~ Medical treatment covered by health insurance; Head and
neck cancer

Xiamen Humanity Hospital (XHH) BNCT Center
October 2022~ clinical study; Recurrent head and neck
cancer, High-grade glioma, Melanoma

March 2024 The approval of Accelerated BNCT treatment
system (NeuPEX Block-1) as Class Ill medical device

May 2024~ Investigational New Drug (IND) clinical trials f
Neuboron’s boronophenylalanine (NBB-001, BPA)

June 2020 ~ Medical treatment covered by health insurance; Head and
neck cancer

November 2019 ~ 2022 Phase 1 Clinical Trial; Malignant Melanoma &
Angiosarcoma
~pNovember 2022~ Phase 2 Clinical Trial; Angiosarcoma

) September 2024~ Phasel/2 Clinical Trials; FBPA-PET positive recurrent
2 thoracic solid malignant tumor

June 2023 ~ Specific Clinical Research; Recurrent breast cancer after
radiation therapy

Korea

& August 2024 ~Specific Clinical Research; FDG-positive tumors
Gachon University Gil Medical Center

June 2022 clinical trials phase1/2~; High-grade glioma

February 2024~ Phase 1 Clinical Trial; Newly Diagnosed Glioblastoma

o’ Collaborating (‘ N R § Z UA ‘@: Japan.
= =z Committed
\ 4 Centre ! _ I ! C N Q7 tosDGs



Ximen Humanity Hospital-Neuboron BNCT Center

NEUBORON

Tandem & Li target
(2.35MeV, 10mA)

NeuPex Block-I uses a tandem electrostatic accelerator to provide a low-energy proton beam at
a relatively high beam current. Electrostatic accelerators are well-known as a power-efficient,
stable machines. Figure I1I-4 shows the main vessels of the accelerator system.

e ~

FIG. IlI-4. Tandem electrostatic accelerator of NeuPex (a) electrostatic power vessel, (b) main accelerator

vessel.
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2022 ~ BNCT for advanced refractory Malignant Tumors

October 2022 ~ June 2024, 24 patients

Investigator-initiated trial (IIT)
® [IT-001(Chinese Clinical Trial Registration Number: ChiCTR2200066473),

“A Single-center, Single-arm Clinical Trial of the Safety and Efficacy of Boron Neutron Capture Therapy (BNCT) for Advanced Refractory
Malignant Tumors” -

/

3 month follow up
High QOL, Patients satisfaction and Tumor regression

® |[|T-002 on going, 5 patients
Head and neck cancer and brain tumor (glioma)

® |IT-003 LAT-1 and/or 18F-BPA positive tumors

O HO\B,OH
o
on "
HO. NH, o
O
OH (NBB-001, BPA) (TC220)

March 2024 The approval of Accelerated BNCT treatment system (NeuPEX Block-I) as Class lll medical device
May 2024~ Investigational New Drug (IND) clinical trials for Neuboron’s boronophenylalanine (NBB-001, BPA)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10452212/ ((%b NTRC 3/ [i @‘J‘"’”"



Accelerator-BNCT Clinical Research Center, Korea

) DAWON Sy June 2022~ High-grade glioma
MEDAX % V..o [ 2023 ~ Head and neck cancer

@
LINAC & Be target \
(10MeV, 2mA)
Gachon University
2 Gil Medical Center
® Lo
m INTERPHARMA
PRAHA, a.s.
m eongnam
HO = g SN National Cancer Center
8 " e
OH 4

4-(Borono 10B) -L-phenylalanine : )
Molecular Formula: C9H12BNO4
C.AS. No.: [80994-59-8]

The Catholic University of
Korea Seoul St. Mary's
Hospital

ION SOURCE

LEBT
RFQ DTL

10MeV, 2mA LINAC

50keV LINAC3MeV  10MeV
lon ‘ RFQ "

Seoul National University
Hospital

Courtesy of Dr. Hyo Jung Seo
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DawonMedax A-BNCT Center ¥ MEDAX
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Treatment control roo
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LINAC acceleratorro
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BPA injectionroom
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Blood sample analysisroom
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BNCT for Recurrent Glioblastoma

June 2022~2023 11 High-grade glioma patients ( 6 clinical trials, 5 compassionate cases )
6-month follow-up image of a BNCT treated patient with 9 Gy-Eq DLT

BNCT 2= A

1-month

2-month

BPA (Interpharma, Czech) administration

Neutron irradiation

<
=)
[«
[e]
.
< |

6-month

FLAIR T1 Subtraction
e 6 month “progress-free survival”
e Stable disease (SD) or “complete response”

Courtesy of Dr. Young-soon Bae, UCANS10 ((%}) NTRC @‘Ja"“
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Summary

 BNCT is a cancer therapy that uses a nuclear reaction between neutrons and boron to
selectively destroy cancer cells with little damage to normal cells.

* BNCT usually is treated with a single irradiation. Therefore, early return to society is
possible.

* With the development of the accelerator BNCT system, hospital-based treatment has
started in Japan from 2020.

* BNCT has a high level of patient satisfaction, with improvement in post-treatment QOL
observed.
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Thank you for listening!

® IAEA
MOA gOll?bOFating About Staff Achievements BNCT Training course News Contact
entre

IAEA, Japan’s Okayama .
University to Work Together
on Advancing Boron Neutron
Capture Therapy to Help Fight
Cancer

International Atomic Energy Agency

Okayama University

é IAEA Collaborating Centre

The IAEA and Japan’s Okayama University have agreed to work together f
in the area of Boron Neutron Capture Therapy (BNCT), a non-invasive or

therapeutic technique for treating invasive malignant tumours. - Boron Neutron Capture Thera py

1710482s

-t

2022 - 2026

https://iaea-collaborating-centre.studio.site/ =



The development of reactor-based BNCT

Japan.

Courtesy of Prof. Sakurai, Kyoto Univ. ﬁ @‘
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Reactor-based neutron sources in the world .0 uei 2014,
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2010 ~ Reactor-based BNCT in Taiwan

Boron
i ﬁﬁ?ﬁggfr%] @Joliﬁi?ujw:sw eutron flux for 1 MW
L-BPA O 109 n cm-2 s-1in
OH exit
HO. NH; | device approval

? p-dihydroxyboryl-
OH phenylalanine

(Hammercap AB, Stockholm, Sweden and Taiwan Biotech
Co. Ltd, Taiwan, China)

(BPA-Fructose, 500 mg/kg

Food and Drug
ation

sing Hua Open-pool eactor

& J and neck cancer
% PR BNCT as emergent /
;;! | e use for recurrent malignant
2
ent of foreign patients, including
s from America, Japan, Brazil, Australia,
' Spain, Swiss, Italy, Singapore and China (~34
Dr. Yi-Wei Chen ‘ [%1 fRRREE K patients till Aug.2023)
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. . - Case Execution ,,
THOR status Clinical intent ) Clinical outcome
number period

Improved patients” QOL,
with 6 patients CR and 6
Phase | trial 17 2010-2013 patients with tumor

Recurrent H&N

cancers
st srasrmes volume reduced by more
. than 30% (PR)
medical
facilities by 2
TFDA Phase Il trial Recurrent H&N 11 2014-2020 Similar as phase |
(2010-2023.5) Lelneslrs
Effective in palliating the
Recurrent brain and disease and improving the
> o
Selliegs H&N cancers 400 2017 patients’ QOL; to be
evaluated
Approved | Fesulwem: 2023.12.01-
medical device Phase I/l trial  glioblastoma after 55 2026.04.30 To be evaluated
(2023.6-) CCRT and Avastin o

Cancer Conqueror, Precision Medical Technology: Current Status and Future Prospects of THOR-BNCT Development in Taiwan, Sep 2023

Courtesy of Dr. Yi-Wei- Chen ((‘ NTRC - lj —
j’ 1IN\ N -@ e



Current BNCT status in Taiwan
Item Brain H&N Others P1
Irradiation times 264 197 7 468 33

Median follow-up time is 7.5 months.

Longest survival is 17.9 months

Shortest survival period after BNCT is 1.1 month.

2010.08.11~ 2024.04.10
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BNCT in Taiwan
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BNCT for Recurrent glioblastoma (Australian patient)

FBPA-PET Imaging before BNCT
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Courtesy of Dr. Yi-Wei- Chen

Simulation before BNCT

Irradiation Position:

BNCT

Set up




BNCT for Recurrent glioblastoma (Australian patient)

Before BNCT BNCT on After BNCT
(2019-01-16) 201901-30 (2019-02-26)

Courtesy of Dr. Yi-Wei- Chen ((éb NT RC “' 0 @‘Ja"a



BNCT for brain tumor (8-year-old kid)

Simulation before epithermal neutron irradiation Treatment room

* Collimator length 10 cm, diameter of opening 10 cm
* Neutron source to tumor center distance 18 cm

.

Courtesy of Dr. Yi-Wei- Chen



BNCT for brain tumor (8-year-old kid)

— After 40 Gy X-ray RT — After BNCT 20.7 Gy-E
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Courtesy of Dr. Yi-Wei- Chen (('sb NT RC =/ |j @‘Ja”"



Development of salvage BNCT system for recurrent malignant glioma patients in Taiwan

Article

Salvage Boron Neutron Capture Therapy for Malignant Brain
Tumor Patients in Compliance with Emergency and
Compassionate Use: Evaluation of 34 Cases in Taiwan

Survivals after BNCT Treatment Response after BNCT
0S CSS RFS Response N (%) 95% CI
Median Median Median CR 6 (17.6%) 0.05-0.30
Survival Months 12 Months Survival 6 Months 12 Months Survival 6 Months PR 11 (32.4%) 0.17-0.48
(Months) (Months) (Months) SD 12 (35.3%) 0.19-0.51
All cases 7.25 52% 29% 7.80 58% 38% 418 32% PD 5 (14.7%) 0.03-0.27
CR 17.43 100%  64% 28.00 100% 50% 9.23 65% e 50.0% 0.33-0.66
PR 1547  73%  62% 15.47 73% 62% 821 5% D 85.3% 073097
SD 6.00 14% 0% 6.00 33% 0% 3.00 0% ORR, objective response rate (ORR = CR + PR); DCR, disease
PD 4.83 0% 0% 4.83 40% 0% 1.50 0% control rate (DCR —CR+PR+ SD).
ORR 15.65 82% 61% 17.11 82% 73% 8.44 59%
DCR 8.10 62% 35% 9.07 62% 41% 4.57 39%

OS, overall survival; CSS, cancer-specific survival; RFS,
relapse-free survival;
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Biology 2021, 10, 334. https://doi.org/10.3390/biology10040334 ((‘% NTRC



2014 ~ Reactor-based BNCT in the hospital, China

In-Hospital Neutron Irradiator (IHNI-1) in China, Beiji

OH
HO. NH,

I p-dihydroxyboryl-
phenylalanine
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Ihe First In-Hospital Neutron Irradiator (IHNI-1) in the World
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doi: 10.3390/cancers15164060
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https://doi.org/10.3390%2Fcancers15164060

2014~ BNCT for melanoma @ |HNI-1

Third Xiangya Hospital of Central South University
ClinicalTrials.gov (No. NCT02759536)

Boron neutron capture therapy for malignant melanoma: first
clinical case report in China

Zhong Yong!", Zewen Song?’, Yongmao Zhou?, Tong Liu*, Zizhu Zhang*, Yanzhong Zhao’, Yang
Chen?, Congjun Jin* Xiang Chen®, Jianyun Lu’, Rui Han8, Pengzhou Li’%, Xulong Sun?, Guohui Wang?,
Guanggqing Shi!, Shaihong Zhu?

Figure 1 Gross examination, pathological analysis and PET/CT
scan of the patient before BNCT. (A) Gross examination of the
skin lesions in the patient’s left foot before BNCT; (B)
Pathological analysis before BNCT; (C) PET/CT before BNCT.
BNCT, boron neutron capture therapy; PET, positron emission
tomography; CT, computed tomography.
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Figure 4 Gross examination, pathological analysis and PET/CT scan of the patient after BNCT. (A-C) Gross examination of the skin
lesions in the patient’s left foot 2 weeks (A), 5 weeks (B) and 24 months (C) after BNCT; (D) Pathological analysis after BNCT; (E)
PET/CT scan after BNCT. BNCT, boron neutron capture therapy; PET, positron emission tomography; CT, computed tomography.




Latest reactor-based BNCT development all over the world

Ca. 2000 patients underwent BNCT all over the world.

1951: 1stclinical trial of BNCT for recurrent glioblastomas in U.S.
2001: 15t BNCT clinical trial for head and neck cancer in Japan

Up to now clinical trails using reactor based BNCT
® Japan: more than 1000 cases

® Finland: 311 cases for both clinical trials and compassionate use
® Taiwan: more than 450 cases for both clinical trials and compassionate use

2014: Reactor based BNCT in the hospital in China

2023: The approval of reactor based BNCT system as medical device in Taiwan
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