B8 1

- SR T e TEOTETR, e

Waste

Water 0.INHCL 6NHCL

ot

K

A

) (cw)_

Fig. 10: /5 LEZ AWz %Cu BEERIEE OMER

10



& 1

B
CNETOEETRIUTOK S LREDD > 7
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4 HEOUERUIFEDIEMN
4.1 ZEKRE
CHETOEBICBNTE. UTOX I %HERICE D ERBICEENE LU SMHEND - T2,

1. YV Y IDOFTEEFRTD%RHM (Fig. 11)

ORI OWTIR., Y—RE—Z2OEAREIEDEDIRLICK > TEBA TV T EHER
THhote, VI IVE—ZIZy M. BHEREDES WIS, BADEZICENZLEZIONS,
BANRET B LICKD, Y—RE—ZFEFEEXETEL, T MLIBDOOLHNT ENDH>
770

2. VVNVUTIETDINY TSIy

VY UIDFTDONY T Ty aMkKETERCLICE>T, Y—FRE—XOHE MR
boWT ENB oz, FOHY IOFT7HE ETHREMRZENTF7IC LI abbk
b‘? 7?.0

3. VUUIVRUER N VOFEEESMDI VT IV ABKETES

VI UVRUER b OEEETME. YUY VOREEINEDEDL>TEHNETES LI
. DIUTSUVABKEDICREENT W JUTITVANKRETERIDHT Y VIBEFNT
LESCTLhHD, ZODERAN YD ELEELENT EDRH T,

1 ORI, ZAVRAEERIEFERA L. BIEAOC Y ZHWTEE L, 20BER. #HLT
WABEOHEMWFTICEEL, Ny 75y yazBREIET, 3DOMEIT, SEEHRMNDOIVT S
VA% 1.5 mm M5 0.6 mm ICEE LTz,

TG 3EDBERZRET ST LICED, FREEN£1.0 ml HS¥55D £0.5 mlicHD LTz,

4.2 IN—YVOEt

HERCHIBEOEBMZER L T\ a720Iic, ZEOSBIM VT 1=y FRUFT) HEL
LTULESHEND -z, BN ZH LTS3 DICHEM%Z SUS304 h5 SUS316 ICZHE Lz,
SUS304 13 18% D Cr & 8% D Ni ZHL ATV L AFTH BN, SUS316 1k 18% D Cr & 12% D
Ni ¢ THEBEZRALEES72DIC Mo M % ZTENTVWAIRT Y LAFTH S,
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Fig. 11: YU VYOFTEERY

4.3 RAAVOFRES

EFOHIEIC VT WS 32 HSWB02-RG I 2 HOREEHH o1z, 1 D707 I LOEE
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BEBEORERX, FHHERRRNZS | ZE IEEND T, TDIH~A I % HSWB-02RG
M5 RCB-3HV (AR (Fig. 12) IKEE LTz,

Fig. 12: RCB-3HV

4.3.1 RCB-3HV
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WIVAY AT /ad—8MI6C ZFA L. B@EmPETHafEL k> TW\Wa, HIR—FEL
T24R—F2HZTEY. PWMESEKRUH/LHIFRER IO F— b & LTOREMNFRIRETH %,
115200 bps CEETHEREE T Y 7IVR— b, RUERI= v FMERATRERKES Y 7IVE— b
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ZHA TS, ANNR—FI3FR—rD7FalANF—F2EHEL, Vv P—230
HHBHLSOT7FaTEBICEEIF VTR, KEDHICKET—2a VETHAREL K- T
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1DKEXTH3,
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Fig. 13: Heart to Heart3 $&{FEH

RCB-3HV DN IZ{TEY 7 b Heart to Heart3 Z U 7z, Heart to Heart3 (& GUI 1 > Z—
Tx—ARZANTTO TS LE2FKT 5D THS (Fig. 13).

Heart to Heart3d LT/ 7 I LEERT ICiE, 7—2Y— b ETPOSA TV FEVER
9%, POSFTI2 U b 2ETIVIY) v I THIK L. Fig. 13HFDKI KY—RE—XDAER
FBETHEEAHENS, T TAZO—)IVN—EFHHITH, EREEEEANTEZCLICLS T,
Y—HRER H/LENZERETS, COXIBPOSATVx V7 b2, Ju—F+— b2EKT
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BEICOBRERDLBE—VaVEERT S, TLTIDE—Yav%, POSAT Vs FEfE
CKICDBEEEDLER LTIl LN TEHLNTES, E—avedhEGbY
126 D% Heart to Heart3 LT F VA EMATVS, X770 G5 L3IV Y I & ESvTD
HATHLIERT B ENTES,

4.4 TOTSLERAY v FiESBE

TuyS LEKAY v ROEG{L% Heart to Heart3 Z W TITo 72, BHIEEE T, 4Cu D
BT S LEERT DI, HSWB-02RG {TBD R U 7+ &% 500 T LE HENH >
feo TORDIENABEFTHEDLE TVWARVE, TEZEBETACEREEZTHIENTE
hotz, LML, Heart to Heart3 ZWVA C &IC XD, KO BMUL LI TEIL TS T LHH]
HEL x>z (Fig. 14), FNAMDOHZE— a3y TANSBIC 1l mlEFzRZITI] LW0I KD
BE—YavEERLT, 942 RCB-3HVICGEEI R THE, T a VORI LT
BOHIR—FOEEEH—TELILE>T, 2—V—{lIcBVTLEECIFIAZIERT
BLENTEDBVAT LRI Lz, = a V&RV FH VA A BAAETRHEEENS O, BE
BFEDE—YavEFEo>TH RS FIAREABRICETEMNERFRREONE L I NEZV, TICK
DNRABZRESMLTERZLEEZONS,

" toartToHoart 3 [R&E<

O DD G & B @ A Mmrsme o
Rrvt {1 ®ommm > R M B@@o s

| EDIT CbiHHme JUsT |

Fig. 14: S1Cu 87055 Ls

15



&H 1

4.5 MNBAEFEDEE

BREZ—7y NRAET 4 A7 05 UCuDBHEITIBIC, 22—y NARITEEZMA.
TEHEREND D, LHhUIEMZINZZHIC. BRI ZRDE7-0lc, Z2—57 v hEERZ 8 77N
BLT150 ClIcLThBIEEZMZ T\ e, UL, EEEZEALZERICERLTLEWL., B
RUCEBERARAINTLES L0 HENEE TV,

INZWETED, ET A RAIDOEHTARIC, EBEEALLRBICMATSLSICEEL
Tzo ZTRUTHENBEDN L2 X TORMZER L, NEREZ 30 755 40 N\ EE LTz,

4.6 REERRINDORAS

BCu ST BEIEIE DIREE TR L UTHER T2 AT ERW S, F-ZITI HEND
%, LML, THE TCu B OMGTHESERINOREIE. HEDOU X ZEH > TADFETITD
F A QY i
FEHEBEET B, RS A7 0w 7/3Z (AS ONE #)(Fig. 15) L HER DIV T, #ERS A
B R UAREEROEMEK, 0.2 mol/l 7'V ¥ AW ZEEIGEML., REFIRIEWTIR
TadS LEER Uz, SREEIEILLTOX S Ik 5,

1) 4CuZEA T2 0.1 mol/l Hl% FKAH FH
2) BEFLEEKE RV TRERS A v DO
3) FERiEKZ SCu BINA A 7 IVICEA
4) ERlEK 7z TR
5) 7'V iz $4Cu BN/ NA T IVICEAN
ARSI DB ZEM LTz %Cu-ATSM BEIAMEBOBEN%Z Fig. 16 1R,
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5 SRER
WER U TEBINET- - EEE AN T, QRERET- .

5.1 REFIR
EthkZ—7y FRAET « R OFERK
1) ERZ—7y FHST + AZICHNi Ay FET 3,
2) /NG o by ERNT MCu 2ELET B,
BREBOEREFRUT T TS S LOEST
1) BREREIC 10 ml 2 IV ZAERFRD i 5,

2) 6.0 mol/l . 0.1 mol/l HEEEZFH L. ThENZNATIVICAND, 0.2 mol/l TV
DUBRREL, VT2 3ml LEZEHDETI0 mIcEBEIIC 10 ml Y UVICTHE
3%,

3) JUTVEFRELZ 10 ml VY, 0.1 mol/l HEEAS. 6.0 mol/l HEEEAL. EHEK
Bas. BAARRBRBIEAT L. Z—7 v FESR. OINi BIRERR. “CuBINARR. R0
Ty JNRERD B,

4) 2=y FERICBFROEAZ—7 Y FAET+ A7 2 AN, BRT0T S LEEITT %,

5.1.1 HBSHIRE

BRILERIELLTDOIEF T11o 72,

1) 0.1 mol/1 IEEEIC KD PV VI RU S A VDO

2) 6 mol/l HREMEIC KX D RE1 F 2 2HARIfE 2 e LIIRE 2 B Eic 9 5

3) 6 mol/1 EBIC XD ) VIRUTA Dk

4) Z—7"v FAZRIC 6 mol/l WEEZEDET + AU 5 MCu Z1AH

5) AIHTERZRA A 2 RMUESICE U $4Cu ZRFF L. FRFICAH X Niiz 64N &2 @Y
6) 6 mol/1 {BEEIC KDV VI RUSA VOB

7) 0.1 mol/l MBEIC KDV VI RUS A VO

8) 0.1 mol/l FHEEIC K D BEA A > RSN 5 64Cu & [EIY
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9) 64Cu ZF AT 0.1 mol/l EEEH FRFEH
10) EHEKE RV TERT A~ O%E

11) &K% 84Cu BN A TIVICEA
12) &Kz Z R E

13) 'V vk MCu B/ N1 7 IVICEA

5.2 REBRER

CNETOEMZMA DRI SMAZEOBEME L. EELUERZMA THSHEAZIHDH S
G TEBETo Tz, BEEZMATH S, fiEld 3057, %EIX 40 7ML, EBHER%Z Table
21TRT, T 4 AV DMGTHERZ 100 & L TEINEZ KDz, 4Cu DEIUNERZ LLET % L [
RKH40% LMo 7z,

Table 2: EEFER

=t Target 64Cu [ R
HEREEARTINEY | 34.3 mCi 128 mCi 3%
EEEEABINER | 36.6 mCi 288 mCi  78%

53 ER®

$4Cu BN 41% EhS > BRI, 282 < C & THERIC #4Cu Z B TIRBIBHARA SN
Bllgofct b, RUBHRHMOEREDDEEZ NS, LAL, BITERENDEVIS, 4
BEBRZ ERHGEIZ RO LEDNDH %,
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6 S

AFE. BEERRINOFBOTEZIER L. HROEBIEMT S ICK> T, G
A 4Cu-ATSM DFREZHE;LEITo 7z, FNICKI DV HBELZBR L T2 EEDB T ENTE,
ERSEENY RV AIGE LA Ry FOFRAFIOD 1 DERT T ENTE, £70d
T LERAY v ROBRIIC K > T, BIRERD TlrAL. BBUCEBEES 1—Y—flicBL
TH. FBEELREOENDAIREICE D, AL REMETEREEZONS, SROE
ZEL LT, *Cu-ATSM DERERZRVEL ., EBRFGZHETITETHD, THIK. TD
EBEBOFHAMZFIAL T, EEFBICBVTHVZHHOEAE L TLLFhN TV 2GS
#l 18F-fluorodeoxy glucose(FDG) 7 ¥, 18F ZIZR T B2 EAIDEKEITI FETH %,
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QJ NUCL MED MOL IMAGING 2008;52:140-4

Non-standard radionuclide production

for PET in Japan

Y. FUJIBAYASHI 1. 2, K. SUZUKI 2, T. FUKUMURA 2, T. MORI !, S. KASAMATSU !

There is a limited number of non-standard positron
emission tomography (PET) radionuclides available in
Japan. At the present time, non-standard PET nuclides
(64Cu and 62Zn/62Cu generator) are available from a
medium energy cyclotron at the National Institute for
Radiological Sciences in Chiba, Japan. Targetry for a
small cyclotron has been installed on the cyclotrons of
the University of Fukui. The production and distribu-
tion of these radionuclides from these cyclotrons will be
described.

KEy worps: Radionuclide generators - Radiopharmaceuticals -
Tomography, emission computed.

Ithough there are several medium and high ener-

gy cyclotrons in Japan, the majority of cyclotrons
utilized for radionuclide productions are installed at
commercial radiopharmaceutical companies (Nikon
Medi Physics and Fuji-film RI Pharma) and are not uti-
lized for the production of non-standard radionu-
clides. Interestingly, 1231 radiopharmaceuticals are
available in Japan for routine clinical use and this
radionuclide appears to be more readily available
in Japan than in the United States. Only the AVF930
cyclotron at the National Institutes of Radiological
Sciences (NIRS) (Chiba, Japan) is used to produce
non-standard radionuclides for medical and other
life sciences research. At the University of Fukui, we
have developed targets on both the NKK super con-
ducting cyclotron and the Siemens RDS cyclotron to
produce 4Cu. The target producing %4Cu is current-

Address reprint requests to: Y. Fujibayashi, Ph.D., D.Med.Sci.,
Biomedical Imaging Research Center, University of Fukui, 23-3,
Shimoaizuki, Matsuoka, Eiheiji-cho, Yoshida, Fukui, 910-1193, Japan. E-
mail: yfuji@fmsrsa.fukui-med.ac.jp
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ly being adapted to produce 77Br. It should be not-
ed that although there are over 100 small cyclotrons
installed in Japan for the production of positron
emission tomography (PET) radiopharmaceuticals,
only the University of Fukui is actively involved in
cyclotron research producing non-standard PET
radionuclides.

Production and distribution of 62Zn/62Cu
generator at at the National Institutes of
Radiological Sciences

Zinc-62 is routinely produced by the bombardment
of a natural copper target with 18.6 MeV protons. The
target system utilized is shown in Figure 1. After bom-
bardment, the irradiated target is transferred to a hot
cell using a monorail transport system and added to
the 62Zn purification system shown in Figure 2. The
purified 62Zn (yield >95% radionuclidic purity 3 h after
bombardment) can be loaded on up to 4 cation
exchange Sep-Pak plus Accell CM cartridges using
the loading module shown schematically in Figure
3.1 After the appropriate quality control the generators
can be shipped up to 4 research institutions. Typical
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Cooling gas
(He: -20°C)

Cu targots

Cooling
water

Collimator

Irradiation port

Figure 1.—Irradiation targets utilized
on the AV AVF930 cyclotron at the
National Institute for Radiological
Sciences in Chiba, Japan.

£ 2-way manual valve
1361 3-way manual valve
Q 2-way solenoid valve
@ 3-way solenoid valve
{iza¥-, Radiation sensor

@ Peristaltic pump

A: ¢-HNO;, ¢-HC], pure H,0
B: 2N HCl

C: EtOH

D: Pure H,0

Outside of hot cel

Inside of hot cell

Ion exchange column
Anion exchange resin

v

Waste

i
?«Vem

Dissolution vessel

Dissolution
vessel

627 n Dispensing
apparatus

Figure 2.—System utilized for the separation of 62Zn at the National Institute for Radiological Sciences cyclotron in Chiba, Japan.
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Hot cell no.2 E——EE" Pneumatic g Pneumatic
F— = syringe
0O, -
Waste o -
{f }xWaste conzoller Q @ @ 2-way solenoid valve
: e:} 3-way solenoid valve
Toop @ e E- ; - ..
3 the HER- Radiation sensor
200 mM H,0 99.5%
R Reservoir Gly EtOH
€ :
6 4% Membrane : l
Zn filter ‘
solution RS2
Balance :
Lead shielded =
generator container Ll e bl L R e
Small door

Figure 3.—Schematic of the system utilized to produce 62Zn/62Cu generators at the National Institute for Radiological Sciences in Chiba, Japan.

Cyclbtron 1

Figure 4.—Cyclotrons (JFE and
Siemens RDS) utilized to produce
non-standard radionuclides at the
University of Fukui.
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64Ni (95%) target preparation by electrodeposition

64NiO was dissolved by nitric acid

v

Evaporated to dryness

Residue was dissolved in conc. H,SO,

v

Diluted with deionized water
and evaporated to almost

dryness (3 times)
v

The pH was adjusted to 9
with conc. amonium hydroxide

v

Ammonium sulfate was added

v
64Ni was electroplated on gold disk

64Ni plated on gold disk

Electro deposition cell

Figure 5.—Methodology used for the
reparation of the enriched nickel tar-
get at the University of Fukui.

Figure 6.—Photograph of the purification system at the University of
Fukui.

specifications for the generators are: generator activ-
ity (15 h post-end of bombardment [EOB]) 450-600
MBq; elution efficiency (62Cu eluted) >90%; Cu?*
radionuclidic purity >99%; metal impurities present
<0.2 ppm Cu?*; <0.5% ppm; Zn2*; Co?*; Ni2*. The gen-
erator eluate has been shown to be sterile and pyro-
gen free. The 62Cu eluted from this generator is being
utilized for research at several institutions including
NIRS, The University of Fukui, Yokohama City
University and the National Cancer Center at Kashiwa.

Vol. 52 - No. 2
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Copper-62 ATSM has been studied in humans and
the results published.?

Solid targets for positron emission
tomography cyclotrons

Through a collaboration with the University of Fukui
and Siemens (former CTI), a solid target system for
self-shielded small cyclotrons has been developed
(Figure 4). This target can be mounted inside the
shield of the self-shielded cyclotron and the metal
disk plated with the material to be irradiated auto-
matically loaded and unloaded from the holder. A
small tunnel has been installed under the cyclotron to
allow the removal of the target.

In order to produce 64Cu, 64Ni is electroplated on
a gold disk (Figure 5)3 in a manner similar to that ini-
tially developed at Washington University in St.
Louis, MO, USA 4 After irradiation, the target disk is
transferred to a hot cell containing an automated
copper purification system (Figure 6) developed by
the group at Fukui. This system consists of dispos-
able syringes, valves, tubing and a preloaded ion
exchange column, which allows the separation of
the 64Cu effectively and automatically. To date over
150 mCi of 64Cu (100 pAh bombardment) has been
prepared for basic research studies. The target sys-
tem and separation system can, of course, be direct-
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ly applied for the production of the other short-
lived copper radionuclides, ¢0Cu and 61Cu.5> The
group at Fukui is currently developing copper
selenide targets initially for the production of 77Br
and ultimately for the production of 76Br.

Conclusions

At present, the non-standard PET radionuclides dis-
cussed in this issue of the Quarterly Journal of Nuclear
Medicine have limited availability in Japan. The
methodology production of these radionuclides both
on medium energy cyclotrons, such as the one at
NIRS, and on small PET cyclotrons, such as the one at
Fukui, have been developed and are in use in these
institutions. The research utilizing these radionuclides
both in Japan and throughout the world showing the
usefulness of these non-standard PET nuclides is
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increasing dramatically and we predict that more
application of these nuclides both to basic and clini-
cal research will be carried out in Japan.
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