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Brown University, Ph.D. (Chemistry)

==2X=: Mechanistic Studies of Terpenoid Synthases

X|=4: Prof. David Cane

O[&tMA}L: X-ray Crystallography, 1988
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Ste|=2H|=: The Crystal and Molecular Structure of a Steroid Compound
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Valeant Pharmaceuticals (0|=, Costa Mesa, CA), QA1
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- Species : Mouse & Rat
- Area : 840 m?, 12 Room
ity : 5400 head for mouse

- Species : Beagle-dog t‘

.
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- Maximum capacity : 60 head
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F-18 Lu-177 Zr-89
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7 Regional Cyclotron Centers

Da Nang General Hospital, Vietnam

2003~2010

B o L

Honoi Irradiation Center, Vietnam
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Figure Korea Medical Cyclotron Revenue (M USD) Development Trend
M’O|§ E= oo E§J’ (2012-2022)
o e P =1
= Revenue (M USD)
TICHY| S EHA AJH=

PET |_|_0.|| |_o|_ EI:I le- b &= 7 651 6.51 6.45 6.48 6.48

Hof 24 5

WAL O|OFE Lt et GMP |5

-8 M= "

XINEHE WALEOIHE W 3

ol AO|

B — | 2

JIE A& 0 T MAE ot

2 Jisd 0 :

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Source: Expert Interviews, Secondary Sources and GIR Analysis, 2017
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Figure Global Medical Cyclotron Sales (Unit) and Growth Rate (2012-2017)
50 10.00%
45
40 - 8.00%
35
30 / - 6.00%
25 /
20 - 4.00%
15
10 \ - 2.00%
5
© 012 2013 2014 2015 2016 2017 | 0%
= Sales (Unit) 37 39 41 41 42 46
——Growth Rate 5.41% | 5.13% | 000% | 2.44% | 9.52%

Source: Expert Interviews, Secondary Sources and GIR Analysis, 2017
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Figure Global Medical Cyclotron Revenue Market Share by Regions in 2016

M North America
W Europe
m Asia-Pacific

= Row

Source: Expert Interviews, Secondary Sources and GIR Analysis, 2017
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Figure Asia-Pacific Medical Cyclotron Sales and Growth Rate (2012-2017)
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Source: Expert Interviews, Secondary Sources and GIR Analysis, 2017
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Figure South America, Middle East and Africa Medical Cyclotron Sales (Unit)
and Growth Rate (2012-2017)
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Source: Expert Interviews, Secondary Sources and GIR Analysis, 2017
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Figure Global Medical Cyclotron Sales Market Share by Manufacturer in 2017
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m Best Medical
» Other
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Source: Expert Interviews, Secondary Sources and GIR Analysis, 2017
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Therapeutic

Generation
64Cu, 1241, 89Zl., 4Q ¢
Theranostic
Generation
1S|F 11 201 123
| AR A T |
. Diagnostic
Generation
&g &2 (Prostate Cancer)
b HIAESZ HE Q0 QA HE2E2 8HI 0 2 S e e o)
p St=0HE M DRI RES S FA
p = = PSA (Prostate Specific Antigen) dIE®Z MEHA = 22 L2 MHQ| B
p ZAE xR =2 =2 =2 HE S 40% biochemical failure
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12/2014

122014
PSA 387.06 ng/mL

022015 0412015
PSA 1.98 ng/mL

PSA9.21 ng/mL

6 GBq "7Lu-PSMAE17

05612015
PSA1.08 ng/imL

700 MBq *™Te-MIP1427
Planar scan (GM) 3 h p.i.

PSA387.06 ngimL
[ 6 GBq 7Lu-PSMAB17

8 GBq "Lu-PSMAG17

Planar scan (GM) 20 h p.i.] [Planar scan (GM) 20 h p.i

] [F’Ianar scan (GM) 20 h p.i.

150 MBq *°Ga-PSMAT
PET/CT(MIP) 1 hp.l.

SPECT ®4t

| PET &4t ||

= Of[fX|: 0.2~23 MeV

=712 MK L 0.5 12 mm (M= 10~10002H)

- 270E UHo= 33 Fat
- MTHSE 82 (PSA X Fas) e :
= 114 = 72t 2ol . =3 o =
= nasxEE hed S 0H AKZ Hofa| KB 2O B ,
= o
HEH E 3D
d HEHYE KB 7t5
1x
225Ac-PSMA
12/2014 7/2015 9/2015
PSA = 2,923 ng/mL PSA = 0.26 ng/mL PSA < 0.1 ng/mL
PET &4
= 270 E ZHHo B 45| FAf = Of|4X]: 5~9 MeV
= M F HE (PSA =K Y4y  FAc(e) = FIhE: A L 50-90 mm (M| 2~107H)
- SE 02 X Holg W 4 & ot UL+ U YHME
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Advantage of Alpha-emitter

» Beta radiation: low LET with long tissue penetration length

— Beta radiation

__ Beta radiation

sy
L £! e ‘
— E
o8 - e
— w v
oY
SSR2 LET: 0.2 keV{pm
L a © lonizations/excitations b
___ Alpha radiation
5z
‘h_\ai .’, a
— ¢
8 - 27 sk
o - v
2B
SSR2 LET: 50-230 keV/pm
c range: 80 ym d

—> Alpha radiation: high LET with short tissue penetration length

== i xjEiopstel
WES mrem s e

9
Alpha-emitter O|& UMAIEH KA SE
Cancer type Radioconjugate Pﬁ;;__z:g Hospital
Leukemia 213Bj-HUM195mAb 49 New York
285Ac-HuM195mAb 40 New York
Lymphoma 213Bj-rituximab 12 Heidelberg, Disseldorf
Melanoma #13Bj-9.2.27mAb 16 Sydney
213Bj-9.2.27TmAb 38 Sydney
Brain 213Bi-Substance P 67 Basel, Warsaw
235Ac-Substance P 30 Warsaw
Neurocendocrine 213Bi-DOTATOC 25 Heidelberg
225Ac-DOTATOC 39 Heidelberg
Bladder #13Bi-Erbitux 12 Munich
Prostate 225Ac-PSMAB17 370 Heidelberg, Munich, Pretoria
=5 siagIxtiololel 0




225Ac-PSMA-617

» On going trial in Prostatic cancer

A B Cc D

62015 8/2015 2/2016 42016
PSA = 294 ng/ml| PSA = 419 ng/m| PSA = 3.5 ng/ml PSA<0.1 ng/ml

- No response with B-emitter therapy, but with a-emitter therapy CR was reported

5 gtaIxEoslel

= g 11

Actinium-225

4 a-decay + 2 B-decay

10d

Many different production schemes :

<~
Q

lo from 22°Th decay
| At217 | P + 226Ra
ﬁ n + 226Ra

VB P + 232Th
* v + 2?°Ra

2018 EANM
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Actinium-225 : from 229Th

Up to now, the main process used to produce the 22°Ac used in preclinical and
clinical studies

Production scheme : From old stock of 233U made in the 50’s & 60’s in the USA &
Russia

Producers (2018) : ORNL (USA}, ITU (Germany}, IPPE {Obninsk, Russia)}
Limitations : Non proliferation issue with 233U

Further evolution :

* Some stock of 233U exist in ORNL but part of it only available

* ONRL have singed a contract with a third-party medical company — whose
name was not disclosed — who will “milk” thorium from uranium stores at the
ORNL

* Still possible increase on Russian capabilities (value not disclosed}

2018 EANM
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Actinium-225 : p + 226Ra

Main Production route : ?2°Ra(p,2n)?*Ac

800

3

Beam characteristics :
Max. cross-section : 710 £ 68 mb at 16.8 MeV
commercial cyclotron can be used (18 - 30 MeV) 200
No 22’Ac produced & 4 Se-_

3 w0 13

Cross Section (mb)
%
s
a
e
§

Production scheme : Fre——
226Ra : radioactive target difficult to handle: high radiotoxicity, high reactivity
with water & air, and decay to ?2?Rn gas
reprocessing is mandatory
Risk under irradiation to be identified and handle

availability of 225Ra is questionable

Production capacity (potential) :

Thick target vield : 18 MBg/uAh at 25 MeV
— 20 h of irradiation with 50 uA yield 18 GBq {486 mCi}
2018 EANM
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Actinium-225 : p + 22Th
Target material is easy to handle and cheap
High energy protons are required (> 100 MeV)
Producers :
= BNL & LANL (USA} — 1 production/month
= |NR (Troitsk, Russia)
= TRIUMF {Canada)
Production vield (2018) : Anticipated e
Th';:(e-:::gﬂ days irradiation
1W. Weidner et al. Appl. Radiat. Isot. 70{2012) 2590
1W. Weidner et al. Appi. Radiat. Isot. 70{2012) 2602 Ac-225 (CI) Ra-225 (CI)
IPF (250 uA) 1.4 0.1
BNL (100 uA) 2.0 0.1
Theoretical specific activity of 5.8 x 104 Ci/g at EOB
Radionuclidic purity of > 98% (~0.12% Ac-227 at EOB} 2018 EANM
Actinium-225 : p + 22Th (cont.)

Limitations : co-production of 2’Ac (T,;, = 21.7 y}

‘ 7 | MWIAC/SAC Activity Ratio ]

.

l %

€ ans
| &
T oo
I E 8] -
- [ 5} 1w = AL AL i o
Proton Energy (MeV)
2018 EANM
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Actinium-225 : y + 22°Ra

Main Production route : 226Ra(g, n)?2°Ra =»225Ac

Beam characteristics :
Max. cross-section : 14-15 MeV
commercial electron accelerator available
{Niowave, IBA, ...}
No 227Ac produced

Production scheme : (high risk due to higher amount of target material}
226R3a : radioactive target difficult to handle: high radiotoxicity, high reactivity
with water & air, and decay to ?*?Rn gas
reprocessing is mandatory
Encapsulation is possible without constrain
Risk under irradiation to be identified and handle
availability of 22°Ra is questionable

Production capacity (potential) :

40 MeV electron, 125 kw 1week irradiation, 1 target = ~ Ci's (EOB)} 2018 EANM
=N sioIxiopsie]

BEY ommmer s v s %

Astatin-211

209Bj (stable) ————— 2MAt (7.21h) ————

42% 87 MeV

207Bj (38 y)

211pp (0.52 s)

/ 45 MeV

207ph (stable)

FAFdojorE BEREE

21At-B10-1F5 (anti-CD20

Lymphoma (B-czll)

v

) e

1A+ 81C6 Glicma [{tenacin) Regional alth ot i

27 A-MX35 Fab?), Ovarian cancer (NAPi2b) P ek 14 et
N " vas
21 A trastuzumab Breast cancer (HER2) Intrathecal el
Z”At—B‘IO-SS%‘Sg}(ant\—CDJY Leukemia 1% Y

21AE-BCB-B10 Leukemia Infusion TE128 A S
% srmeixfeioee] 1A PSMA series Prostats cancer HIYFAL Ty .

Gy o 21A-5F7 (nanobody) Breast cancer (HERZ) \% T




KIRAMS Future Plan for TRT

TRT : Targeted- Radionuclide Therapy

B = Therapy by conversion electron & SPECT
117‘“Sn T = Physical half-life : 14 days, Nuclear reaction : ''*Cd{c.3n)!!™Sn

= Target disease : arthritis of cat, horse and dog

t Therapy by alpha & beta ray
ZZSAC " Physical half-life : 10 days, Nuclear reaction : 22Ra(p,2n)?**Ac

» Target disease : prostate cancer therapy by ?#*Ac-labeled PMS A ligands

“i
* Therapy by alpha ray & electron capture
* Physical half-life : 7.2 hrs, Nuclear reaction : **Bi{a,Zn)?!' At
= Target disease : micro-metastatic neuroblastoma by ?!! At-labeled MABG
% SIS Ixp=iopstel
WG Sonmre s tion 19

Medical Cyclotrons in KIRAMS (2019~)

N Alpha s4Cu (PET), 121 (PET), ®Zr(PET),
50 MeV (1985) Deuteron HSe(PET), 1"™Sn(conversion
Proton electron), "' At(alpha), "Cu(beta)
IBA BSPECT), 21 TSPECT),
30 MeV (2000) Proton 25\ calnha)
GE Deuteron o o
16.5 MeV o i F(PET), ''C(PET)

10/11/1999

20
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Cancer cell Normal cell

Target Beam shaping
(Li, Be) assembly (BSA)

Fast Epithermal
neulmns neutrons

[ ] ¢

.
o"' °Je ® [ L — 8

. - g
L Y L2

Partu:le accelerator

(Proton, Deuteron) Patient

£
H

i‘ moderation

Neutron Energy Neutron Energy

BNCT (84 X x=| X| &) 27|

—— thermal
neutrons

tumor cell
normal cell

< 3 e 01"
B q E: O&_} Ro 1T
-~ A i o

- . 10

"I boron-10 A : N

' (ContalneH in canceriargehng drug) — | Alpha particle
Path length :10
micron

U +1n 5 ["B] »7Li + ‘He + 2.79 MeV I

a particles & 7Li nuclei
from boron neutron capture
therapy cut both DNA
strands of the tumor cells

X-rays, y-rays,

LE protons

Akira Matsumura

A
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BNCT (24 SMX Z3| x| =) A4

n+ B(10) = Li + a+y Main molecules used in BNCT

1000000

20q 11 ] B (20%)

000

Requirements
» millions of 1°B near or inside cell => 20-35 pg °B/g

* tumour-to-tissue ratio > 3

Absorption cross section (Barms

» low taxicity 2.5~3.5s0farll m
el 1B (80%) |
STELLA PHARMA CORPORATION (Japan) — e e e
is the only drag company -

= enrichment in 1°B
L-p-boronophenylalanine

Sodium mercaptoundecahydrododecaborate

(L-BPA) BSH
(0]
OH
HO\IIB NH,
OH
Main issues

= Not patentable => design of new boron-containing molecules and nanoparticles
= Well known => encapsulation and vectorization inside tumours

BNCT (24 SAMX} T8 X 2) A7
BNCT vs Other Radiations: Superior Biological Effect & Cell Selectivity

sodium borocaptate (BSH) /\
Na,'°By,H,;SH

» w
e |8 *)
HH S
st g E
: 3
o
boronophenylalanine (BPA) 8
CqH4,'°BNO, 3
—\ H H Q
HO\ N\ | ‘ o ]
B— c—cCc—c_”
HO™ N_ [ .
=— R N DOSE DISTRIBUTION ADVANTAGE (Physical selectivity)

Radiation B x-ray 60Co Fast n
Energy 5011 025-3 18-130 25-19 2 147 084
(MeV)

LET 025-23 03-3 03 7-20 16 \96 162

k (keV/um)
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Before Sur.

25 m
R

Standard X-ray therapy
B Median survival period: 13.5 M
B Survival rate 1 year: 48.0%,
2 years: 20.0%, 5 years: 4.0%

BNCT
E Median survival period: 25.7 M
B Survival rate: 1 year:91.6%, 2 years: 57.1%

004

BNCT

(Yamamoto, Matsumura et al. Radiother Oncol, 209

200

Target on AB-BNCT (cont’d)

Table 1. Characteristics of Four Charged-particle Reactions Considered for Accelerator-based BNCT

"Li(p,n)'Be “Be(p,n)’B *Be(d,n)"°C Bc(dn)H o
Bombarding Energy [MeV] 2.5 4.0 1.5 1.5
Neutron Production Rate [# / min-mA] 5.34 x10% 6.0 x 10" 1.3x10% 1.09 x 10"
Calculated Average Neutron Energy at 0° [MeV] 0.55 1.06 2.01 1.08
Calculated Maximum Neutron Energy [MeV] 0.79 2.12 5.81 6.77
Target Melting Point [°C] 181 1287 1287 3550
Target Thermal Conductivity [W / m-K] 85 201 201 230

NUCLEAR ENGINEERING AND TECHNOLOGY, VOL.41 NO.4 MAY 2009 - SPECIAL ISSUE IN CELEBRATION OF THE 40TH ANNIVERSARY OF THE KOREAN NUCLEAR SOCIETY

Table 3. A Comparison of Calculation Results and IAEA

D ————— Recommendations for Epithermal Neutron Beam
] T o il E ‘L IAEA Work Performed
_E,.. Be [ Recommendations in Korea
g": ! : Dy @ e [Gy-cm/nys] <20x10" 7.12 x10™
H poul /Beryllium D,/ ey [Gy-cm¥/nes] <20x10% 248 x 10
" =N / sBe(p,n)B
ST £ pe Ou/ D i <0.05 0.04
T/ Dol >0.7 0.62
] Du[%] 35
4 Desi [%0] 87.4
E Das [%0] 9.1
i et Bl Uil e Hoacior it i ifq | - D.: Fast Neutron Dose, D,: Gamma Dose, Ja: Neutron Current
- Tanaka, Kyoto Univ. Research Reactor Institte Prirﬁary p oion & nérgy (MeV) - Q#. Qepi, Qrora: Thermal, Epithermal, and Total Neutron Flux
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Advantages

In case of Li, the cross section is very attractive,
@ Sharp rise below 2.5MeV
4 Neutron energy spectrum is fine (< 300keV)

However, Li has as following
disadvantages:

$

g 8

[ ]

EPN
SERZANE

+|Li METAL TARGET, ~ 40 g /cm®. DATA
NORMALIZED AT 210 Mev

o+ | THIN LiF TARGETS

= THICK LIF TARGET, 360 kg/om’, WEIGHED FOR

DETERMINATION OF THE ABSOLUTE CROSS

SECTION (25%)

I
Utenad ‘
1

8

CROSS SECTION (miliborms)

8 8 &

o

1 F 3 4 5 6
£ (Mew)

DISADVANTAGES HOW TO MANAGE

’Li(p,n)’Be, 7Be is radioactive (53 days):

Tritium production, Li(n,t)*He:

Very active and hydrogen gas production with
H,0:

Melting temperature is only 180 °C:

Nobody can not be exceeded the rules of the nature.

To exchange in a short cycle to provide
maintenance easy, for example in a week.

Coating the film on the surface of Li to facilitate
the handling.

To limit the power density of <1 kW/cm? with
efficient water cooling structure.

.

Necessary to go out very well.

S8xt of| L X[off 2

& X =0 HE At

Epithermal Neutron Beam Mode

) N\
/ Brain tumor,
Head & neck cancer
o
(
Hygrl :
[T
L] =
|
o |
post b i

62




TIET| 7|HE A BN
-~

Electrostatlc accel

erator

Proton
Beam

or
Lithium

E -t e |
BNCTE 0| &8¢t 8txt X| &2 &7
4 . - N\ [ - I

Number of patient in Japan Japan®*

100 . .
Malignant Brain Tumor 393
Otflrer(lo)t S Head and Neck Cancer 186

malignant mesothelioma .

50 Wiver cancer(?) Malignant Melanoma 42
lung cancer(14) Lung Cancer 14
malignent melenamsig)l_ Liver Cancer 7

ead and neck cancer .
60 -@brain tumor(393) :ﬂt:s‘)thehoma fg
. - Total 675
First Impact - Secongl Iroipa |
0 Utilized the Epithermal Neutron
Con p Overseas
BPA ET USA Brain Tumor® 135
20 ﬂ Sklr'l>< ] 6
Netherlands Brain Tumor™ 22
Finland Brain Tumor% 150
0 Head & Neck™  5g
Noo—AnNMTNONOIOOANMFTNONOOCANMTNONOOACHNMTNONOOO AN
l.DkDr\l\l\r\l\l\l'\l\l\l\wwww%wwwwwmmmmmmmmmmOOOOOOOOQOHHH X
2T g g T L L L L S g T R RRRRRANNN NN Czech Republic | Brain Tumor™ 2
° = Sweden Brain Tumor™ 52
KUR [taly Liver Cancer™ 2
HTR MuITR JRR2 JRR4 « Argentina Skin™ . 7
. Head & Neck™
HTR : Hitachi, Ltd. MulTR: Musashi Inst. of Te Taiwan & 10
chnology JRR2/4 : Japan Atomic Energy Agency X~ Jan., 2009
KUR : Kyoto University Reserch Reactor Institut 3%~ March, 2012
N\ e \ : J
AL HF =< o olsE S HIlEH
71571 718t SgXFof of et Sk} X2 WY
(7 )
Proton Accelerator ‘ | Neutron Target ‘
Cyclotron ™
Beryllium @Heavy Water, Epi-
Lmac Iron, Aluminum, p

thermal

Fluoride, etc. Neutron

@Lecad, Concrete,

| 0.5eV~10keV

2.5 MeV ~ 30 MeV | | 0.1MeV~30MeV |

: 2.5MeV ~ 30MeV O1|I_ﬂX| =

: otA-Ijq.E Li EE |:|:I— Be E|-

. Etlo 2 e 10jX|
P HEMME 01850 oK "“Xf% eSS dAt 5

AR e o PN g =
= 0| A
Z=MKF A

(R Xt2 7|59t BNCT 1t g A

However, in design for an accelerator-based neutron source for BNCT,

Stepl: We should fix the concept of neutron target (Be or Li).

Step2: Neutron energy emitted from the neutron target are decided.
Proton energy to the target is necessarily determined.

Step3: We choose accelerator type dependent on required proton current.
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™~
A H HF &
HMA 7k57] 7|8 BNCT 72 szt
4 N
e Particle and Neutron | Current | At presen
Facility Acc. Type Target Energy (HeV) () t () Current Status Manufacture
1 |Kyoto University Cyclotron Be P: 30;: N: < 28 1 1 Clinical trial Sumitomo H. I.
2 | Southern Tohoku BNCT research center Cyclotron Be P: 30, N: <28 1 1 Clinical trial Sumitomo H. I.
3 |University of Tsukuba Linac Be R B8 N <6 5 1 T n(l)n—clinica MHI, Toshiba
4 |National Cancer Center Hospital Linac P: 2.5, N: <1 20 12 Non—-clinical CICS
B |Kansai BNCT Medical Center Cyclotron Be P: 30, N: <28 1 NA Completed center | Sumitomo H. I.
6 |Edogawa Hospital BNCT Center Linac P: 2.5 N: <1 20 NA Developing CICS
7 |Nagoya University Electrostatic P28 N | 15 NA Developing Yagami, (IBA)
8 |Osaka University —_ — — —_ Planning —_
9 |Kyoto Prefectural University Medicine — fo— — — _— Developing Fukushima, SiC
10 [Helsinki University Hospital Electrostatic P:2.6, N: < 1 30 20 Construction Ne“”ﬂ:“l:erape
11 |Budker Institute (Rossia) Electrostatic PEoR(iE N ] 10 7 Developing -
12 |Birmingham Univ. (UK) Electrostatic P:2.8, N: <1 20 1-2 IBA
13 |[SARAF (Israel) Linac PN 20 (?) 1-2 Developing? T
14 |CNEA (Argentina) Electrostatic leexd P: 1.4, N: <6 30 <1 Construction -
15 |[Legnaro INFN (Italy) Linac Be Pad N o 30 NA Developing —
16 |China BCTC Reactor Clinical trial BCTC, China
s : 1 : Developing, const NeuBoron,
17 |[China NeuBoron Electrostatic P gah Ny i 10 2 i TEA Tech.
18 |USA TAE Technologies Electrostatic Pras Nt |10 e Developing | 'AF Tecnoloe!
19 [China Acc. Institute (IHEP) =2 ? = 2 £ Announced ==
20 [Korea, KIRAMS Electrostatic Be d:1.5, N: <6 20 - Planning —

21 |Korea, Downsys Linac Be P:10, N<8 8 ? Developing Dawonsys, Korea
\U L/
orto oko| =M= Al S o|s = A
M2 Ao FEXIE MEs517] ISt F o4
=1 [—| 2F 9 2¢O =AM | Sk
31 7 50 A CHEF 1x 10° (n/cm?2s)2| E | F/8Xt M|7| E gt

- [2FA EFZIOIA] 1013 ~1012 (n/cm?2s) M EO| AKX} 1l

0%

EE-EL

-

=
=

@ tHEF 7157

e/

B oM EX| 7k 7H57);

A4xtel 2L 1 mA ~ 30 mA HES| ¥l MR B (olLiX|ol mat...)
' |

@ BYR LM EBIAAY ]

SY% EP AARS B2 4o SHRIE AEHOR, QoA 12|
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TMA 7E57] 718 BNCT EX| (1)

e

( )

Be X 4~5MeV X30mA RFQ

Birmingham University, UK .
TRASCO-BNCT Project@ INFN, Ttaly

Dynamitron X L1 target

4 N 4

Stand Qctober 2018

Li Target+ Tandem Accelerator
@CNEA, Argentina Be Target+10MeV Linac@Korea
.

HMA 71571 7|8 BNCT FX| (2)

[ Italy CNAO |

| LiTarget X Tandem Acc. @Budker, Ru
ssia

Li Target+2.5MeV Tandem (TAE Tech.) @ Califor

r

Ui f . Yoo s P 00

THEP@China Li Target+2.5MeV Tandem (NeuBoron) @ Xiamen, China

J U y,
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TMA 7E57] 718 BNCT EX| (3)

Neutron Therapeutics Inc. USA
Li Target + Tandem Acc.

-

s
=) i

Helsinki Univ. Hospital + Neutron Therapeutics Inc. @ Finland

Hospital

University

Nagoya University
Kyoto Univ. RRLL

[ Planning, Constructing
7

of Tsukuba

National Cance
Center Hosp.

Edogawa Hosp.

-

| Faify tuNIor apd, head

RFQ+DTL Based BNCT Device

\. J
A
TMA 7H57] 718 BNCT ZX| (22)
d )
N
4 N\
Kyoto Prefecture University of Medicing
Osaka University[ Osaka Medical Collagg
- |
a National Cancer Center Hospital, CICS
Kyoto Univ. — SHI . . Y Bﬂ?ﬂ‘c;.x DT Z
Southern Tohokli Cyclotron Based BNCT Device )

st T clipical
r nalignant
& Neck cander aféib

University of Tsukuba

J

Osaka Medical Collage — SHI
(Under Construction)

Nagoya Univ. Tandem
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KIRAMS 7} 7| 7|2t BNCTE 9|8 AFM @11

Proton in Beryllium target (w/ Phits)

Be EtZI FH|0f U2 S8 %t
+& Hn

Dose(MeV/source)

‘-%!}IH‘III‘H\'\H‘HW\

0 0.1 0.2 03 04 e 06
Depth(cm)
» S| Imm Be target - X|Z 18 mm proton beam
- Neutron Flux: 1.01E-05 (neutrons /protons cm?)
» 57| 1.2 mm Be target - X|2 10 mm proton beam
- Neutron Flux: 1.12E-05 (neutrons /protons cm?) lcm

ey
W

IE]“

KIRAMS 7}27] 7|4 BNCTE 9|8 ALH Q131 (A 5)

15° ZAFHO| ZARSHO] HH8 BIXE S7HAIY Angled Target
-

Flat beam 8 mm x 16 mm 50 X 50

Be plate
—)

Cu structure

C(3:1)

A-A(0.5:1)

B-B(05:1)

= A

Cooling channels
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KIRAMS 7}27| 7|8 BNCTE 9|8t APH 913 (H|%)

Tube Target

Beam size
Diameter 18 mm

cooling
water
inlet

cooling

water
cooling  outlet
water
inlet

s

KIRAMS 7}7| 7|4 BNCTE 9|3t AFE @17 ()
BSA A

©® Concept ¥ Neutron Generation
» Target Material Selection
* Neutron Yield

- Target Layer Thickness Determination

¥ Neutron Moderation
> Material Selection
* Thickness Determination

Neutron

( M&m.:.

® MCNPX 118

Proton
(13Mev)

—>

¥ Collimation

*» Collimator Shape Design
Collimator
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KIRAMS 7}£7| 7|4 BNCTE &

BSA 24 (A=)

BSA RHZE HMDA HF

1

I

BSA TES0f CHet 2E|ZE HADA AL ALY T

-
S
>
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o © =) [Y)

Neutron yield per lethargy (n/cm2/s/mA)

-
S

|y
f§%

epi-thermal neutron | fast neutron

1 1
108 10°®

1 1 1
10 107 10° 10?

RF amplrfler {

t magnet Bending

Foil stripper

Irradiation room | ©: -

Cu rrer_;t.,mpﬁi’tc-

magnet :

Energy(MeV)

Moderator &

Y Vv

4oy

o b

KIRAMS 7} 7| 7|8t BNCTE 2|3t A}

L

M 15- 40

E
=

HAT A=)

i}

2wy cm

Ho CAlH
[—

T oT™

xel =

A& Al HHO| =AM =
(FLUENTAL, LIF, AIF3)
A (Al Ni, S, B) =2tof| 2 SGAt AHE

32 Qe 37|
A2

Zhas
(=]

F

ES
=
=

L O

2 3t

=

273,

B0 cm=E Ep = 2 MeV

Pl
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KIRAMS 7}%7| 7|4 BNCTS 9I8t ALH 917 (7]25)

Simulation Results with BSA

© Moderator : Polyethylene ﬁ © Moderator thickness variation

Moderator Material : D20

0.0005

0.0004

0.0003

0.0002

Neutron Current [particle/sec]
Neutorn Energy [MeV]

0.0001

1.00e:09 0.0005
7.30e-08 45564
5.40006
0.0003

3.90e-04
0.0002

2.90e.02
0.0001

2.10e+00
0.0000

0.0000 05 25 45 65 85 105 125 145 165

F1 Tally location ( Maderator thickness ) [cm]

10-¢ 10-° 104 10-2 10°
Neutron Energy [MeV]

® Various Materials © Epi-thermal energy range
v 0.5 eV ~ 40 keV of Neutron

R

¥ 4.5~ 5.0 cm of Polyethylene shows the best results

Neutron Flux (particles/cm?2)

—

KIRAMS 7}27| 7|5 BNCTE 9|3t ALM &2 (]

A

)

Moderator 28t 2% M7 (Preliminary)

Thermal: < 0.4 eV

—E::ng*ﬁ'_g Epithermal: 0.4 eV - 40 keV [EEEFLU20+AI5
0.00007 4 — NI 1E-3 o X I FLU20+Ni5
—— FLU25+AI5 Fast: < 40 keV W FLU25+AIS
0.00006 4 FLU25+Ni5 I FLU25+Ni5
——LiF25+AI5 [ LiF25+AI5
0.00005 - L2 NS 1E I LiF+Ni5

0.00004 -
0.00003 o
000002

0.00001 4

Neutron Flux (particle/cm?2)

1E-6 o

0.00000

-0.00001 T r T T T T T
1E-6 1E-5 1E-4 1E-3 0.01 01 1 10 100 thermal

epi-thermal
Energy (MeV) Neutron Energy Range

> 367t 2%t & YA AHEH 5l o|HX| HE HAE S
> FLUENTAL + Ni Z%}0| epi-thermal neutron flux7t 7}& =2

HolM 7ty BotE 252 B9
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7HE7| 7 34 SA 28 X2T| Y S
-~

KIRAMS 7} 7| 7|4t BNCTE QI8 ALM 13 (%)

Moderator 22 X3+ H 1k} QI8 SHEjo| x7| REHY MO SR 48 Hl

A4
fio

£ gEjo] 2S5 E S olEof Y5t 7| REo| SYR =8 =2
XC
x|

v
ra

2| HHE epithermal neutron =& 0| 1*10°7}f O|&FO|HA] thermal neutron

H| epithermal neutron H|&0| 7t& 2 2 & M™ (IAEA recommendation)
- FLUENTAL 20 cm + Nickel 10 cm

> Fast neutron0| =&3| 2t | X| & 4

| A
2 X TMC B8 X2 = %Jgﬂ- =

Ch

|0
mjo
ot

Fol 5to] AE JEHe

Jo T

FOl

-

A& =20 ME S5 =8 2 mA 7|F)
3.E+09
3.E+09

H thermal Hepi | fast

Thermal: < 0.4 eV
2.E+09 Epithermal: 0.4 eV ~ 40 keV
2.E+09 Fast: > 40 keV

1.E+09 I I
5.E+08

Flu20 ni5 Flu20 nil0 flu20 ni 15 Flu25 ni5 Flu25 nil0 FLu25 nil5

Moderator Combination

Neutron Flux (neutrons /cm?)

KIRAMS 717 7|8 BNCTS 2{2h AHE &7 (A=)

HURAOf AFBE 22 BE

Water H-2 (11.19) Al-27 (47.25)
0-16 (88.81) FLUENTAL  F-19 (5229) 4.35
N-14 (75.56) L-705
Air 0-16 (23.14) 0.001205 : Li-7 (26.75)
Ar40 (1.3) o F-19 (73.29) 2635
Beryllium Be-9 (100) 1.848 Al-27 (32.13)
AIF; F10 (150 288
Copper Cu-0 (100) 8.96
Aluminum  Al-27 (100) 26989
Sulfur 5-32 (100) 2
Nickel Ni-60 (100) 8902
Lead Pb-204 (100) 1135
Bismuth Bi-209 (100) 9.747
Boron B-10 (100) 237

Cross-section data version: ENDF/B-VIL.1 (B-VIL.1 versionO| §l= E2& B-VILO version@ 2 CHA|)
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Pb
Bi-208
X
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KIRAMS 7}£7| 7|8t BNCTE 2%t At
Y=Y FEfO| TMC HAEAL A
Y KIRAMS TMC 2 & 5

H AT (A1)

Proton Beam ZA} &4
- Energy: 13 MeV
- Beam diameter: 18 mm
- Beam current: 2 mA
- Beam shape: Circle
- Beam position: (-4, 0, 0)
Target
- Center Position: (0,0,0)
- Length: 100 mm
- Be target: 1 mm thickness
- Cu: 2.5 mm thickness
Moderator
- FLUENTAL: 20 cm
- Ni-60: 10 cm
Gamma filter
- Bi-208: 1 cm

SHX o x] AHER (2 mA 7|F)
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Neutron Energy (MeV)

FLUENTAL

Pepithermar (cm2 s71) > 109 1.1 x 10°

PDepithermal /P thermal > 20 49
Dfase [@epienermer (Gyem?) < 2 % 10 13 1.38 x 1013
D gamma [ Pepithermar (GY €m?) < D % 10 13 712 x 1014

KIRAMS 7}27| 7|5 BNCTE 9[3t ALE 12 (7

s

SAXt oLx] SOy B HIE (2 mA 7|F)

thermal epithermal fast

Energy Range

Thermal: < 0.4 eV
Epithermal: 0.4 eV ~ 40 keV
Fast: > 40 keV
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i A Oi S 1 A
Injector &%} S AlE Multicusp type ion source (H-, 30 keV, 15 mA) ’
- Normalized beam emittance ~ 1 m mm mrad .
- LEBT consists of einzel lens, solenoid and one doublet -
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« BNCT: M| EHR|o| HA K| &, HHE X8 7t

« 7k&7| Z|8F BNCT: Cyclotron, linear Accelerator and Electrostatic
Accelerator
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Development of 500 cGy level radiation therapy
system based on automatic detection and
tracing technology with dual-head gantry for
30% reducing treatment time for cancel tumors
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Tumor growth inhibition
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Nigri e Global Pet Cure Market

© 30| B3| S YA 25 A LR 4 WY A 7|2 ZEE MUA A HE 7ts
1%
SaIX[2{0]stel
SEUAMREY| L E Y ey B

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

W Vaccines ® Pharmaceuticals © Feed Addilives ™ Diagnostics ™ Others

Z£%X]) Companion Animal Health Market Size, Share & Trends Analysis Report By Type, By
Product (Vaccines, Pharmaceuticals, Feed Additives), By Distribution Channel, By End Use, And
Segment Forecasts, 2019 — 2026, Grand view research
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Pet Cancer Therapeutics Market - Growth Rate by Region (2019-2024)

Regional Growth Rates
Bl High
Mid

B tow

(&%) PET CANCER THERAPEUTICS MARKET - GROWTH, TRENDS, AND FORECAST (2019 — 2024),
MORDOR INTELLIGENCE

SE YA 22 78 T eawman

Radiation facilities survey

- Bt SE0| =EE YA Xz 2 Yo=
+ External beam radiation therapy
+ Orthovoltage
+  AF23tE animal cancer center= 2L}, megavoltageZ Bststs 1Y Y
» Severe acute effects to the skin

+ Preferentially absorbed by bone - bone necrosis quite high

+ Small, superficial t tumor (nasal planum, superficial tumor beds after surgical
excision) S22 THIH Y

+ Megavoltage (Cobalt 60, LINAC)
» Skin sparing effects

+ Brachytherapy
+ Systemic or cavitary injection of radioisotopes (131-1)

Side effect
Skin: acute erythema,
epilation, dry and moist
desquamation
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* VRU, 2014, 55 (6), 638-643

* In 2010, 76 facilities with external beam radiation
therapy
* 66 in the U.S, 6 in Europe, 4 in Cadana

« All of the facilities having a linear accelerator (LINAC)

« orthovoltage equipment (1), cobalt machine (1)
« 4 MV (2), 6 MV (29), 8 MV (1)
« dual photon energies (6)

« Varian (27), Siemens (8), Elekta (1), MDS (1), Tomotherapy
(1), cyberknife (1)

*In 2010

« 76 facilities with external beam radiation therapy
+ 13/39 (33%): having access to IMRT capability
11/39 (28%): having access to radiosurgery

SE UMM 2R

= si3quiioorel

INSTTUTE OF RADIL

S= YAHERIR

i S| = Ol 74X ol O3 =~ 74X
CTimage &5 2 AHA 20| 2ot 18 =7 23 Can Vet J. 2015 Jan; 56(1): 95-97.

Pelvic immobilization device constructed for

i . Head and neck immobilization device constructed
stereotactic radiation therapy. for SRT.

m KNE2ER2 CTimageE &S50 10| E2ot YK E @it

o 4 (Gl € &9 Vac-lok X optimold)

J} K|z 2 2/0] angio maker( P& ZF 0| ALE &l = lineQ 2 HAMHT T AL A
4 CHE S22 0 81 LIEtEHE 0|83 BA|E BHCt

86



22 0| AFUMC| LA Z

-~
ES HIAIM 2| B 718 = sragIxjE(o|8}9)
= YA 2= Y ) paaEcey

== =]

HEAFA K| 2

X2 £ 2]0] angio maker £2F & CT scan

Fiducial markers

20

SEYAM 2278 T

S= YAMUKRE

A
28,

CT imageE 0| &% X| 24|

Jok

Zygoma
\ ¥ Riat

Z=AL

21

87




o — — =21 _|\
= H 2 B gixpioforpl
SE YA 2R I8 B paussony
LA X =
|2 710 XA, Ol ZIEH ALY &
|O|X|& 253t & Plan CT image2t HI
2
= H 2 ) UaaxEosa
SE YA 2 7R USRI
(712842 ) HIYEE2 2B 4_|z12r HEAPM 2|3 A|A
e B SEO| HR/YHE 2 2o H{HIPEH YA BA AR Y
® A 2|28 YFAMM 2| 27|(6MeV-15MeV)Qt 251610 B S-20f| XA SHE 0f|L{X|(0.5MeV-2MeV)2|
HYA AR 7|2, 5B G A A | A28 7] %, A2 Hof Y 2% 7|20 S8 WAH7|7|
oY U 5 WY U 7IF vto|=tel g Eaket
A 27|20 S Soll SSYAMIA 2 SHAY 2Y 71HHE OFA
SEYHHREA AR HiS| S 2 HoRf Aol 2okt
EESYANMRRIP| Y| 7[R LA QA B o] R
AZOROlst o|Z L0 WIS E REAl £0 5%

ai7|= S ool {
s2g
ARIZI N L

Hur*ixmnaq +opte| gEtos
IG5 15t 7 psAd

88




=28 WRN AFUA S LARIRIZ

KIRAMS SE A 2| 27| E3 T ey
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Sustaining proliferative
signaling

Evading growth
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Resisting
cell death

M ZALE O
ot XMetd

M XA
(==t

A <] o

Activating invasion
and metastasis
Xlen

|:|'|EJ—|' I|_-|O|
‘d=t

Inducing
angiogenesis

=13
=

Enabling replicative

= ShoeIXf2io)stel

£)  xonA mSTITUTE oF AADLOEAL & M

TRE TP

immortality

Cell 144 March 4 2011
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Hallmarks-II

Emerging Hallmarks

Deregulating cellular
energetics

Avoiding immune
destruction

Genome instability
and mutation

Tumor-promoting
Inflammation

A

(Enabling Characteristics

Cell 144 March 4 2011
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Immuno-Oncology Era

Immune evasion

Q \ Co-stimulation

0 —>

ROS
RNI
IL-10

TGF-B
Arginase
NOS
PD-L1/2 @
PD-1
CXCR4 )\
PD-L1/2
Soluble

Factors

SDF-1

J MHC-

Front. Oncol., 28 Novembe_r 2014
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Timeline | The history of cancer immunotherapy
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First report of
allogeneic bone (1991,1004)
marow ;
SE— o . Characterization
Description ransplentation Discoveryof MHC | of human
ofimmune | —restricted CD8* tumour-associated | | Rediscovery of Non-myeloablative
infiltratesin | Hypothesisof cancer | Tcell recognition antigens by the regulatory chemotherapies and HPY
tumoursby | immunosurveillance’ | by Zinkernagel First study Rosenberg and Teellby adoptive T cell transfer | | vaccination
Virchow by Burnet? and Doherty"’ withIL-2'" | | Boon'2t Sakaguchi*®® inmelanoma® in VIN®
1991 1992 1995 1996 2002 2008 2009 2010
Treatment of Discoveryof | | Discovery of First study with First study of (1996, 1997, 2000) | Imiquimod | | FDA approval of
cancerwith thedendritic | | crosspresentation adoprive cell isolated limb Discovery of the used to sipuleucel-Tin
bacterial products | | cellby by Bevan® transferin cancer'® perfusion with immunological treat prostate cancer’
by Coley! Steil i I TNFinmelanoma function of VIN and ipilimumab
First study with and sarcoma''® Toll-like inmelanoma®
BCC inbladder First study with T | receptorstot®» T
cancer'® |FNein melanoma'®

Important basic immunological discoveries and key clinical trials are shown. BCG, bacille Calmette-Guérin; I[FNa. interferon-a; IL-2, interleukin-2;
MHC, major histocompatibilty complex: TNF, tumour necrosis factor; VIN, vulvar intraepithelial neoplasia,

Noture Reviews Drug Discovery volume 10, pages 591-600 (2011)

N

Principles of the

immune response.

radiation-induced

Ther Adv Med Oncol; 10: 1-2
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