HBRERA/A—2300EHD U RIOH L (2014/11/10)

/J\**"'U"fﬁlil FrAIZEKS
RIEE & RO i

FREEMRIEZHKHAS
FEHE4L

< Sumitomo Heavy Industries, ltd.



Overview
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Accelerators for Research Use

Large Injector for Hea;/y lon Theray
( NIRS, Japan)

110MeV Cyclotron

Compact Synchrotron for AURORA
4 Sumitomo Heavy Industries, ld. (700MeV)



Cyclotrons for Medical Use

—_ —

ul @ ?3-'". " —

" 180 MeV. Cyclotrogest

Cyclotron-based BNCT
(Boron Neutron Capture Therapy)

T - 20Meﬂ

SPECT Cyclotron PET Cyclotron

< Sumitomo Heavy Industries, ltd.

Proton Therapy System

(230MeV)




Cyclotrons for Radio Isotopes Production

HM-12 HM-20 HM-30 MP-30

Energy 12 MeV 20 MeV 30 MeV 30 MeV
Proton

Current 150 pA 150 pA 2,000 pA 100 pA

Energy 6 MeV 10 MeV N/A 16 MeV
Deuteron

Current 40 pA 50 uA N/A 50 nA

Energy N/A N/A N/A 32 MeV
Alpha

Current N/A N/A N/A 30 uA
lon Source Internal Internal External External
Extraction Port 2 2 2 1

Depend on Depend on

Max. Targets 8 (4/Port) 8 (4/Port) Requirement

Requirement

18F/150/13N/11C

+ 67Ga/7*Br/**™Tc

+ 627Zn/68Ge/11INn

+ 177 yu/21 At

Radio Isotopes 64Cu/89Zr Min/124| 123]/201pPp Other (d,x),
Other (p,n) reaction | Other (p,2n) reaction | Other (p,3n) reaction (o,x) reaction
Power 45 kW 55 kW 190 kW 150 kW
Non Room W4.5xD4.5xH2.5 W4.5xD4.5xH2.7 W6.0xD5.5xH3.6 W6.0xD5.5xH3.6
Shield Weight 14 ton 25 ton 60 ton 60 ton
Self Room W7.0xD4.8xH2.7 W7.0xD6.0xH3.3 N/A N/A
Shield Weight 69 ton 155 ton N/A N/A
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Radio Isotopes and Application

Purpose Application Med |Ca| Radio Isotopes
Tumor SPECTS: 67Gal"s’"‘Tc/f:”Tl e
PET : "°F(FDG etc.)/"'C(MET etc.) /**Cu/*°Ga
Cardiac BET S PN C (ACE ote0
Diagnosis | g SPECTS: 99'“Tc/1"ln/12f'l s o
PET : "°F (Fluorbetapir etc.)/"'C/"™>O/**Cu/*°Ga
in vitro 3H/*%Fe/12%]
Brachytherapy | ®°Co/?°Sr/'%3Pd/'251/"3/'37Cs/1*9Tb/1%2Ir/1%8 Au/?2*Ra
Therapy a-emitter : 2" At/213Bi
Immunotherapy | B-emitter : 32P/*7Se/*’ Cu/®Sr/P°Y/311/'5*Sm/"®®*Ho/'°Er/"'Lu/'®Re
Auger : "%°Er
Purpose IndUStrlaI Radio Isotopes
Radiography | 2'Am/?°2Cf(Neutron), °Se/'**Yb/'%2]r(Gamma)
Gauging BINi/BSKr/2Sr/2%4T]
Tracer SH/M4C/A Cr/S*MN/®5Zn/**™Tce/ 8 Au
Sterilization %0Co/¥’Cs
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Cyclotron for Clinical Use

Dual port
Max. 8 targets

< Sumitomo Heavy Industries, ltd.



PET Cyclotrons Supplied by SHI

Japan: 122 units

China: 43 units
Hong Kong: 3 units
Korea: 4 units
Taiwan: 2 units
Malaysia: 1 unit

Thailand: 2 units
India: 1 unit

Total: 178 units

< Sumitomo Heavy Industries, ltd.



PET Cyclotrons in Japan

5 n e "g,//)
Sumitomo: 122 units / \_
(total: 175 units) 5N o O
0 Sumitomo makes maintenance of JSW J\/ (\/Q\\ . /
machine. 2 ) g

. . after-sale service location

< Sumitomo Heavy Industries, ltd.



Process Overview of PET Tracer Production

1

Tl

186 Water
Purifier

Hot Cell

~Auto
Dispenser

HM-20 ( 20MeV ) HM-12 ( 12MeV) small Animal PET 10



Process Overview of Solid Target

Material : Foil, Powder
Fix on disk or Insert in vessel

Target Preparation

¥ (Electroplating, Sintering, Deposition, Melting)
> Target Setting Automatic or Manual
v

Particle, Energy, Current, Irradiation time, Cooling

Beam irradiation > Yield, Impurity
v
T T f Shall be Automatic
Sliefeld ITEEEr Air operated or Mechanical Transport
v
: . Dissolution = lon exchange/Lig.-Liq. Extraction/HPLC
Extraction and Separation Sublimation - Furnace (Heat distribution control)
v

Radionuclide identification/Radiochemical purity
QC Radionuclidic Purity/Chemical Purity/pH/Endotoxin
Sterility/Osmolality...

Cost of Enriched target ?

No chemical treatment : ex. Te,Oq
Purification : ex. 84Ni-metal, 1°°Mo-MoO,

€ Sumitomo Heavy Industries, ltd. 11

Recycling




Solid Target of HM-20

Target Holder (with Water Cooling)

- Material (Base plate) : Au, Pt, W, Al ...
- Cooling : Water (back), He gas (front)
- Motion : Manually set, Automatically ejected

Set the plate manually

Pl !

Ejected and ransporte int shielding box

< Sumitomo Heavy Industries, ltd.

outside of self-shielding automatically




Option of Solid Target

/ 90 deg. Bending Magnet
Beam from Cyclotron :
Q Magnet
Slit Target Shield

/

Receiving Station

Vertical Irradiation System
(with Remote Exchanger)

(Automatic Shielded)

L

i/

I

Transport System

-

\

Solution for unformed target
Powder and Low melting point materials

- Vertical irradiation.”Vessel type target
Solution for automatic transport
- Air operated shuttle

< Sumitomo Heavy Industries, ltd.
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64Cu Reaction Yield

» Target: Highly enriched ®*Ni
SNi(p.n)**Cu Thin target. (10 — 100 um)
Energy: 11-13MeV

E 200+
S Yield: 1.60GBqg/20uAx2.5H (Actual)
Z @11.4-12.0MeV (28um plated)
§ Calculated yield
E 0y O Mickles 1991

& McCarthy 1997

& Obata 2003

< Avila-Hodriguez 2007

0 5 10 15 20 25 30 35
Particle energy (MeV)

Ref: IAEA-TechDoc1211

CoS7
27179 d

7/2-
& Sumitomo Heavy IndugEc____ EEC EC [ : : 15




Solid Target for ®4Cu

/ Graphite Electrode Electroplating

(Rotating)

5 64N
Solution

< Sumitomo Heavy Industries, ltd.



Dissolution and Separation of ®4Cu

< Process>
1) Extract from Gold substrate
Set target disk and dissolve
a}pem >4 64Cu/%Ni in HCL solution
Lg% q 8 8. 2) Trap by Anion exchange
wr | fucr | po | feo | lnemss column
64Nj will be recovered
10ml 10mL 10m]1 10m] hal oml (L 3) Separate 64Cu and recovery
Furnace VID XV V8 V7 V6 VS V4 V3 by 0.1M HCL solution
SL 4) Formulation
. Anion Dry-up and formulate by
exchange [__ appropriate solution
TEMP?C column o)
V14
V25 34 F- ' [64Cu]-CopperPurifier
154Cui-CuP
N\_/ @HEATIB (C)2008 Sumitomo Heavy Industries, Ltd.
t " 4cuci? All rights reserved  sHi®)
XV19 ||| Product
ves Vial
VA1 X
vial 100mL
+
Vlé)é —{—{=—{——{To Waste Vel
t [ A _IRRIR-J0NL- 20 Iy | 17



Automatic Separation Unit for ®4Cu

< Sumitomo Heavy Industries, ltd.
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Multi-purpose Separation Unit

Separation of 92Zn, 64Cu, 39Zr, 3¥mTc, etc are
available in ONE unit.

Process Unit
(Disposable Cassette)

Column

For
purification
4 b. .

Furnace

-
-

-

i

4 Sumitomo Heavy Industries, ld. Patent pending
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99mTC
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P¥MTc Production

% B. Scholten et al., Target : Highly enriched 1°°Mo-Metal or Oxide
| App. Radiation & Isotopes, MoQ; is better for dissolve and reuse
— 99l 51 (1999) 69 Energy : 15-20MeV
fi Yield:  11.7GBq/20uAX3H@20MeV
= 100Mo(p,2n)%°*™Tc (Extrapolated from test result)
LE) 15} Separation: lon exchange or Sublimation
= Tested (SHI)
2 " Target Mo x t0.5mm (nat-Mo:100M0=9.6%)
Irradiation 17MeV X S5yA X 10min
E) Yield (EOB) 12MBq
2 -
S 5 100 99 om
Mo(p,d)”"M Tc Extrapolated
R Target 100Mo (99%) X t0.7mm
05 30 T Irradiation 20MeV X 20pA x 3H
Proton energy [MeV] Yield(EOB) 11.7GBq
Tcol | Tc92 | Tc93 | Tc94 | Tc95 Tc97 Tc99 Tcl01
314m 423 m 2.75h 203 m 200h 26E6 Y 2.111E+5y 1422 m
9/2)+ . (8)+ 9/2+ . T+ 9/2+ . 9/2+ " 9/2+ . (9/2)+
EC EC EC EC EC EC B- B-
Mo90 | Mo91 DY Mo93 D9 D9 096 09 98§ Mo99 0100
5.67h 1549 m 4.0E+3 ¥y 6594 h 9
0+ 9/2+ . | 512+ . | | | 172+ |
EC EC 484 A - 5.68 - . B L
Nb89 | Nb90 | Nbo1 b Nb95 | Nb96 | Nb97 | Nb98 | Nb99
19h 14.60 h 680 v 34.975d 23.35h 721 m 2.86s 15.0s
®24) 8+ | 92+ 92+ 6+ 92+ + 92+
EC EC EC 00 B- B p- B |B |
€ Sumitomo Heavy Industries, ltd. 21



Quality of Cyclotron Produced *°™Tc

Reactor Cyclotron
235U(n,f)%*Mo Mo-99 100Mo(p,2n)29%Tc
%Mo(n,y)**Mo
@D
R=4.16 /"Ratio of %%9Tc/%mTc N
depend on ...
ex. Proton energy: 20MeV
140.5 Irradiation time: 3H
- Tc-99 h
R=9.51 = m Time after EOB: 6H
-> R~11.8
Tc-99 \ /

R=15.2

Almost
equivalent

Ru-99 (stable)

Ratio of °%9Tc/**MTc N
depend on frequency of elution <
ex. 24dH~R=3.2, 48H~6.7, 72H~11.8

- Fulfilled all QC tests To be specified

NEMA phantom confirmed - Regulatory requirement : Quality, Safety

ES t\éagiti%f‘; 1IMages P - Logistics : Shelf-life, Transport

U Uccell et al., - Economics : Production cost

Science and Technology of Nuclear Installations, 2013, ID379283
Sumitomo Heavy Industries, ltd. 22




Energy and Irradiation Time

100Mo(p,2n)%%9Tc

N

800
700
600

500

400

199Mo(p,2n)**™Tc

Cross Section (mb)

300 \

200

100

5 10 15

~24% (R=3.2)

20
Energy (MeV)

. T - 0.30
100Mo(p,3n)%8Tc 100 T3 Esposito et al.,
\ Sci. Tech. Nucl. Inst. ) o
= 099 { 2013, 1D972381 , ss=* - 025
z |
2 - L 0.20 &
T 0.98 A i o
—4—(p,2n)99mTec 3- T | 015 i
-~ (p,2n)99gTc* T‘i 097 - N \ s i‘“
p3nj90Tc* E p-——-0-p-$-000000- -0 = 0~0-0-00n u % - 0.10 é
—— = Tea, L) RZ)
100\ 9SK;|)99M0 2 096 ~8% (R=11.8) o 3 '
n gg . = \ |
N O(p,p ) 2 (3 h irradiation) 023;\ 0.05
\';ﬁ‘a-
0.95 T — T g T 0.00
0.01 0.1 1 10

25 30

Time after EOB (h)

—— RNP EP = 15MeV
—=— RNPE, = 20MeV
—e— RNP EP = 25MeV

25.0% —
Equivalent to current **Mo/**™Tc
g 200% .' Generator eluted with 24H frequency
2
b7 _
€ 15.0% R
S ~
é, \\ —4—16MeV
:3 10.0% + _— ~i-19MeV
'E"_ ~8% R=11 .8) e 24MeV
T 5.0% A Celler et al.
eq. to 72H frequenc '
9 9 y ] Pys. Med. Biol.
0.0% + r 2011, 56, 5469

0 5

10

15

Irradiation time (h)

< Sumitomo Heavy Industries, ltd.
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Y o S

IP Ep = 15MeV
IP Ep = 20 MeV
Ip EP = 25MeV

F Recommended

Proton energy: 15-20MeV
Irradiation time: 1-3H

- Useful time window ~10H

N (Isotopic purity > 8%)

~

/

23



211At
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211At Reaction Yield

40 T At209 | Af210 | At211
L 541 h 8.1h 7.214 h 125 Ns
- . 9/2- 5+ 9/2- 9/2-
[ Bi(o,2n)” At EC,0 EC,0 ECo
30 & Po208 | Po209 | Po210 Po212
2.898 v 102 v 138.376 d 0.516 s 0.299 Us
=) 0+ 1/2- 0+ o2+ 0+
@ A & EC.o EC.o o o
3 O a Lambrecht 1555184907 | Bi208 Bi210 | Bi2ll
E I O Larsen 1996 3155y 368E+5 v 5.013d 2.14m
s @ Henriksen 2001 9/2- (5)+ . 1- . 9/2_
E - B Lebeda2005  |pC EC B B
10 & Alfarano 2006
i Calculated yield
_ Should be less than 28 MeV
0 Not to be contaminated with D
15 20 25 a0 35 40

Ref: IAEA-TechDoc1211

Particle energy (MeV)

210At - 210pg (Highly radiotoxic)

Target :

nat-299Bi foil or powder

Energy : Should be less than 28 MeV

Yield :

< Sumitomo Heavy Industries, ltd.

Cross Section (mb)

23.4AMBg/UAH@?28MeV(Theoritical)
Separation: Sublimation (Dry distillation)

800

600

400

200

20

25

30

35

Energy (MeV)

—209Bi(a,3n)210At

40

45 50

25



Summary

< Sumitomo Heavy Industries, ltd.
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Summary

[BE7F & mE+)

HEMPETNL—H—RED-HD/N oA AV AT L
-7 ~ 30 MeV
_110/13N/15e0/18|:9 ’7'}"/17'1&

(p,n) }iFL'T\’E .L\T_$E9—7‘JF EEM:‘%E;E'
— 64Cu 892r 1231 1241

- BEISRERE (M4 Xk, FFE)

[FREDERY A ]

30 MeVISRANDEZ Y /oOrOVEEBREI—F YN AT L
— Proton 30MeV, Deuteron 16MeV, Alpha 32MeV
- NEBE—LSAV (BERS) . 27— v EEIXR L B BhiikiE
(p,2n), (d,x), (o,x) RItZ, Ry N BEREEE
— 627n, 68Ge, 99mTc(TZ|~5§) 177y, 211At etc.
- ey XZ B EEISEEEE (14> 32H)
_ﬂi’./\ﬁﬁdﬂ J:%EEJ \%EZSE% (/& /&?EHH::' /&7'3)
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