E?ﬁ%é/\ 2021/4/6
B RREETESSEE, KR

Changchun
K8
S
g

2ling
4
0

DR ES

Wakkanai
%&OP\?
J EMERFHERS
#. BA BRE1E

gl

Seéoul

_,r\JoAé

ow Sea

Incheon
o]

21

South Korea

Abashiri
Ussuriysk Asahikawa ﬁ‘ﬁoiﬁ
Vccypm?lc»( HE]
£ . o o
i ‘ s e
= Yanblan s JArtem apporo .
JILIN FISTIE L ®Aprem e Hokkaldo

=y
o Vladivostok
’\f/j BnaguBocTok

_ & B aiREEAFE
:_BZO)IE’U( CEEICDOWNWT

Sénﬁl\ai'
Niigata . M5

e
Toyama
B

=
(o]

oTok oL
Japan 00

Jor-ts Osaka ) Yok*%hgma
.Hir%?gma | @ hiagers
O 3 x
Fukﬁupka 4
*molﬁ i Matsi.lya_ma P
Kumamoto ? — . N paVy
% BEERVERXASE

BERITERAS S LEERERRS L 2 — SHERRIR > 2 —
21l =5 (WASHIYAMA Kohshin)


CO680328
スタンプ


XTI BE2RBN

BII=E

BERIEMXZE MKLEERERM PV 2— LimRRMEL 52—
T960-1295 B & REST AN L1

E-mail :kwashi@fmu.ac.jp

(WASHIYAMA Kohshin)

T H VR AL B = S5 PR AR
SIRRFHATRCARIARZE 2+ 8y IR 3 BdRhms

SIRRFKFEE A AR AR E U BB AT T &£ () oAk i Sz
SIRRFRKFRE T RFERMA S I LR IR T i (PR Ko BF iz

SUFTAI—T  FIZTILI7RFARDEZIER (REZ, METHF)

B B RIS DREGHEFRIBT R (R AEF, EHMEF)
l

B
FRT 1
P2 0
T2 4411H
PRk 2 8
PRk 2 8
PRk 2 9
T30 6
P33 041 0H
1
8

11H
10H

FHRAHRHAR
W
J0

SRRKFEATRREER BT

SRR R SRR Te s AR % B (Bl )

Goteborgs universitet, Sahlgrenska akademin, Avd for radiofysik (Sverige) Forskare (~4 » H)
I RRESR AT KEEE BIEE <)

Duke University Medical Center (USA) Visiting Assistant Professor (~67H)
BEEVERAYE 5K LIEBRERNE R Y % — AHERIR v v £ — #5R (EHR)
Duke University Medical Center (USA) Visiting Associate Professor (~67H)
HERKFESIRF ORISR HEHESRER (~ 14F)

IAEA/RCA RAS6097 National Project Coordinator (#}15544 ff<4H)
IAEA/RCAEINXIERERETE (JVFEETR)

UNIVERSITY

Research Center

FUKUSHIMA -
@ MEDICAL Advanced Clinical


mailto:kwashi@fmu.ac.jp

AHDFE

AV b—T%
FILT 78T
BMEFRICHD T

HRICHITET

HRICEITST

BEhYIC

FUKUSHIMA  Advanced Clinical

‘ MEDICAL

W7/ AT4 v TR
V7 7 TR D 4551
V7 7 IEHAELE D FFE
W7 TIFERREDE E
W7 TIFERREDEE

UNIVERSITY Research Center



Y h—THFBW LS/ AT 4 v IR

DFTE

7 A :

FILT 7H% - 7ILT 7 B
BT ICH D T IV T 7 B
-ﬁ%-jaié V7 7 U
AKIZH 7L T 7 R
jb‘ib‘)c:

\

\

\

\

R D FFEN

ASLIE D 4
AELEDE) X
AELEDE) X

G

FUKUSHIMA
MEDICAL
UNIVERSITY

Advanced Clinical
Research Center



‘ < /) X574 v 2 X (Theranostics)

‘ ZEF RIZIZHL-RAZFERNITHREL. BasDHEEEZRERIEL. 2 SERETEOER

* o EFNTHHAB DM
‘\ BE- KB EHRE RS
BI4E FIE BRI SDMT

iR *
. L/f . WETH
// . Be AN RMAE

7

’

. BHER SHEAR

E% 124|’ 131) 131|, 211 AL
64Cu 67Cu
6Br TBr
68Ga 177LU, 2250

®E £E
5/ AT VIR iBE (Therapeutics) &2 B (Diagnostics) Z#lA S HhET-# =

BEDEFIZEAHGVESIZ, B2, BRMENELALHISIITARELR
—FERELORHEZRANTEEEICENEEREZTES VLS8

BEFZTRYHRSPET, SPECTEH{ : 45 &

BEH]
of. CTOMRITIE TE 2 E1E L BEE{E i



RS OS

5T 448 & 1K (Radio-conjugate)

BixLEH
—EEetE [ #se
FL—h RIFE

T &+ 1

ERE | S-S (ATM) | EFIBAS. BIGETME | AMRMER. EBMH

sy BFT HAR, EL ESYE,
BAHE AR R RLEE




Next Generation. . . o S

Journal of Nuclear Medicine, published on July 28, 2016 as doi:10.2967/jnumed.116.178673 Patient A Patient B
Leuprorelin Radical prostatectomy
R o Foledronate Radiotherapy of lymph
PSMA-617 for PSMA-Targeted o-Radiation Therapy of e
Metastatic Castration-Resistant Prostate Cancer Docetaxel (50 cycles) Leuprorelin
Carmustine/spirubicin in Lauprorelin plus
. e n . . L. .5 . 3 hyparthermia bicalutamids, 150 mgsd
Clemens Kratochwil*!, Frank Bruchertseifer®2, Frederik L. Giesel', Mirjam Weis?, Frederik A. Verburg?,
Felix Mottaghy?, Klaus Kopka*, Christos Apostolidis?, Uwe Haberkorn', and Alfred Morgenstern? Abiratarane Docataxal (11 cycles)
, X o . . . . . , o . Enzalutamide Cabaritaxel (10 cycles)
Department of Nuclear Medicine, University Hospital Heidelberg, Heidelberg, Germany; *European Commission, Joint Research .
Centre, Institute for Transuranium Elements, Karlsruhe, Germany; *Department of Nuclear Medicine, RWTH University Hospital *¥Ra (B cycles) Abiraterone
Aachen, Aachen, Germany; and *Division of Radiopharmaceutical Chemistry, German Cancer Research Center, Heidelberg, Abiraterone resxposition Enzalutamide (not tolarated)
Germany -
) Estramustine

v -
® ]
6/2015 9/2015 2/2016 42016
12/2014 712015 972015 PSA =204 ng/ml PSA = 419 ng/ml PSA=3.5 ng/ml PSA<0.1 ng/ml

PSA =2923 ng/mL PSA=0.26 ng/mL PSA <0.1 ng/mL
Figure 3:PSMA-11 PET/CT-scans of patient B. In comparison to the
Figure 1: PSIVIA—11 PET/CT-scans of patient A. Pre-therapeutic tumor initial tumor spread (A), restaging after 2 cycles of beta-emittin PSMA-
spread (A), restaging 2 months after the third cycle ofPSlVIA-617 (B) | 617 presented progression (B). In contrast, restaging after 24 (C) and 3 (D)
and 2 months after one additional consolidation therapy (C). cycle of alpha-emitting PSMA-BW presented impressive response.
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BHRHMEEZ /X714 v 7 ZDOBRIK

lodine
Dotatate (Lutathera)

Satoreotide tetraxetan

PSMA-617
Lexidronam (Quadramet)
Radium223 (Xofigo)

Strontium89 (Metastron)

Ibritumomab tiuxetan
(Zevalin)

Tositumomab (Bexxar)

lobenguane (Azedra)

Apamistamab (lomab-B)

Lilotomab satetraxetan
(Betalutin)

Omburtamab

3BP-227

FAPI

Pentixather
Glass microspheres

Resin microspheres

Microspheres

Ligand

None
Peptide

Peptide

Small molecule
None
None

None

Antibody

Antibody

Antibody

Antibody

Antibody

Antibody

Small molecule

Small molecule

Peptide

None

None

None

Therapeutic
isotope

131 |

177|_u

177|_u

177|_U
153Sm
223Rg

898r

20y

131)

131)

131'

177y

131)

177|_U

QOY’ 231Bi,
or 212Pb

Ly @ S0

90y

90y

166H0

Imaging
isotope
124| 131|
68Ga 111|n

68Gg

GBGa, 18F
9Tc, '8NaF
9Tc, "®NaF
8NaF

None

124] 131)
s

123] 124)
s

None

None

None

177y

GSGa, 18F

68GA

None

None

166H0

Target

Nal symporter
SS2R

SS2R

PSMA
New bone formation
Calcimimetic

New bone formation

CD20

CD20

Norepinephrine
transporter

CD45

CD37

CD276

NTSR1

FAP

CXCR-4
Tumour vessels
(angiogenesis)
Tumour vessels
(angiogenesis)

Tumour vessels
(angiogenesis)

Manufacturer

Curium, GE Healthcare
Adacap (Novartis)

Ipsen

Adacap (Novartis)
Lantheus

Bayer

GE Healthcare

Spectrum Pharmaceuticals

GlaxoSmithKline

Progenics

Actinium Pharmaceuticals

Nordic Nanovector

Ymabs Therapeutics

Ipsen

Sofie Biosciences

Pentixapharm

BTG (Boston Scientific)
SirTex

Terumo

Disease

Thyroid cancer
Neuroendocrine tumours

Neuroendocrine tumours, small-cell lung
cancer, and breast cancer

Castration-resistant prostate cancer
Bone metastases
Prostate cancer and bone metastases

Bone pain

Relapsed or refractory low-grade, follicular, or
transformed B-cell non-Hodgkin lymphoma

Low-grade, transformed low-grade, or follicular
large-cell lymphoma

Pheochromocytoma and Paraganglioma

Bone marrow ablation

Indolent non-Hodgkin lymphoma, follicular
lymphoma, diffuse large B-cell lymphoma

Neuroblastoma, CNS metastases, and small-
round-cell tumour

Pancreatic ductal adenocarcinoma, colorectal
cancer, and gastric cancer

Pancreatic ductal adenocarcinoma, colorectal
cancer, and head and neck cancer

Multiple myeloma and lymphoma

Hepatocellular carcinoma
Hepatocellular carcinoma and liver metastases

Hepatocellular carcinoma and liver metastases

Clinical trial phase or
approval date

NA
Approved, 2018

Phase 1 and 2

Phase 3

Approved, 1997
Approved, 2013
Approved, 1993

Approved, 2002

Approved, 2003;
withdrawn, 2014

Approved, 2018

Phase 3

Phase 1 and 2

Phase 2 and 3

Phase 1

Compassionate use
(Germany)

Compassionate use

Approved, 2000

Approved, 1998

Phase 2

Herrmann K, Schwaiger M, Lewis JS, Solomon SB, McNeil BJ, Baumann M,
Gambhir SS, Hricak H, Weissleder R. Radiotheranostics: a roadmap for future
development. Lancet Oncol. 2020 Mar;21(3):e146-e156.
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184 [ Technetium-99m TLX-592
[ PET-CT PSMAR2
3 Other CTT1403 BRI OES L,
[ Radiotheranostic 7’Lu-lilotomab THiZHRENARIEMIZER
16- S FECHRBIZBEZ NN ?
TLX-591
124 Sateoreotide
TLX-101
7 y-
edotreotide

PSMA-617
Apamistamab

- > 1FE

225Ac-PSMA-617

Revenue (US$ hillion)
(o]
|

A
(INME0) dotatate = EhHind
223Ra Az
4_
B > it
0

T T T T T T T T T T T T 1
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Year

Herrmann K, Schwaiger M, Lewis JS, Solomon SB, McNeil BJ, Baumann M, Gambhir SS, Hricak H, Weissleder R.
Radiotheranostics: a roadmap for future development. Lancet Oncol. 2020 Mar;21(3):e146-e156. 1
Paul-Emmanuel Goethals and Richard Zimmermann (Nuclear Medicine MEDraysintell Report & Directory, July 2019)
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58 a iR (a-particle) H?

EUTAILAYRAL—IVITRD
THROBEBIEEL RS ADETFEMBESE BRI OIS AR R EF A

N o q
¢1 02 03 04 05 06 07 08
cell position {mm)

RF Hobbs et al. Phys.Med.Biol.57 (2012) 3207-22.

modified from Elgqvist et al Front Oncol 2014 RS ERELDESICEDIZHCLIC, REOR

SN, BRI A~ OWIT<EEFHITEL TN ST
& BREHIFIAEEC YIS

= FERFE (< 80um)

= SLET(~200keV/um)

= AYFHHRLELSEL

= DNAZESHZERIRLPIL
= EEREBOWEAERIICDEL I

This slide is reproduced by the courtesy of John L. Humm
14
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Radionuclide Half-life Phase Stud
-- [MeV] [um] .

149Th 412 h 3.968 26.7  Not yet

211A¢ 7.21h 5.867 481 3 Groups P1
212pb/212Bi  60.6 m 6.050 50.4 P

227Th 18.7 d 5.883 483  P1

223Ra 11.4 d 5.667 456  Approved [Xofigo]

225A¢ 10.0 d 5.787 471 P2

213B; 45.6 m 5.846 478 P2

230y 20.8 d 5.864 480  Not yet

226Th 30.6 m 6.308 53.8  Notyet
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Karlsruhe Nuclide Chart — New 10th edition 2018
Z Séti et al.,, EPJ Nuclear Sci. Technol. 5 6 (2019)
https://doi.org/10.1051/epjn/2019004 N: R F%1
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(HFREH)BEEZ

176LU(n,Y) 177Lu B-
176Yb(n Y) 177Yb_>177|_u

H N y
6Yb(d,n) 7L

18 19 H—
Olp.n) °F SRRt Lu-177D1E4

Ta-181
Dg 99.98799%

Hf-176 Hf-177 Hf- 178
5.26% |BrEE 1850% BT 2725 B
1.09s 4.0s 18.67s

Lu-175 Lu-176
142d 97.401% 70.48% [REEZ

Yb-173 | Yb-174
16.103% | 32.025%
stable P o ;, IT B . CE n

Karlsruhe Nuclide Chart — New 10th edition 2018
Z Séti et al., EPJ Nuclear Sci. Technol. 5 6 (2019)
https://doi.org/10.1051/epjn/2019004 NZ':F"E%%I
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kU L-227(227Th)
> ~/°'7A—223(223Ra)

FEIL— b

235
7.04x108 y
a g
A
21Th a 27Th
2552 h B/‘ 18.68 d
2TAC [ 98.62% |q
21772y
A
1.38%
a 23Ra
7 11.43 d
223
Fr a
22.00 min
219Rn
3.96s
5(4)a2B e
215Pg 211Pg
1.781 ms V 0516
211Rj
Bi |/o276% |q

U-235
0.7204%

207Pb

a
7 2.14 min
99.724%
211

36.1 min B-

stable

207T|

4.77 min

Decay scheme of 22’Th/??3Ra

(C)stgamatx, [] zrmimorsn)

28RalIBINIRN A BEBARER L L
TFDA (2013#5m]) , EC (2013) ,
HA(2016)5£53 4 .J*/(J:’Cuml_
223Ral311.43H D ¥ BHID -, B&E
B IikTE LA W EIRREHE A I BE
226Ra D R FIZDHIE>1IMeVD 7= 8
E & C221AcH RERTRE

226Ra DIRIZ D222Rn D IR I E =
RThoZHERTHELERBE (N2 X
RLTELHEW)

221Th, 223Ra3£ (CNIDC(ORNL), PNNL,
Rosatom, Bayerh'Fi&

IRIR22TTh, 228RaD 4G X FTE XTI T
TTWBD., [HROFEENE BA
AT222TAcH BLEANIDC(ORNL), THE
ATWD,

Projectile Production Route

227TAc milking —» 2?"Th

BREE
© HELEE
© ETF

hnsEse

231Pai;€2
22TAcBefRiR
BT
p>70MeV

22TAc milking — %2’Th
226Ra(n,y)2’Ra B, 27p,
232Th(p,spall)?2°Ac

23



=57 - — _ 225

} 7 7— - r7 ‘[A 225( AC) = HHEURC, ORNL, IPPE, c(%L)ybw)%ﬁ
> . LTW3229Th|312.9GBq(#1.6

£ X< X-213 (213B ) 10 R0 A POA LT £ 5

S5 L — | BB ABESBEORLERO
MY RERUBEFTEN 2B
-y = 30-90B%FI229ThA H25Ack 5 Bl
s 26RaTDAcEET BIHEIE. B
D22RnDEURITER
= CREIZKREINNREEZ > T2P2Tho
W THET B ik L 229Th & 20U %
b [ERT % 5% R
w  22ThERFED25AcICIEZ2AcHBAT S
7=, KETIF2BAcHD2TAcE M4
oy THEAED ST
4.9 min [ 22SAC PSMA-617(Z J:%El_ﬁzﬁ‘/\/@;m
BMRDA /87 bHEL, 20164
: (Ol sgamsts, [ zwmmorzn) UEORESNSHELTLS

217At
4GZB 32.3 ms Projectile | Production Route

1.592x10% y

225Ac

a
B' 9.9203 d
A 4
25Rg a

14.9d

i V e © BHAE BUBZE  29Th miking —» 2Ac
a7 o o MEG O hEsE p<25MeV  228Ra(p,2n)225Ac

a2 g 4 2Fb JRFIF EHRMEF  2Ra(n,2n)?®Ra B, 25pc
- / MES  e(MBME) 22Ra(y,n)2Ra —R—»225Ac

2.162 min

p,spall)?2°Ac

© =S p>70MeV  232Th
=R p,spall)??’Ra B, 225p¢

(
Decay scheme of 225A¢/213g; O 7ME&E&  p>70MeV  22Th(
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\ 7217 1-224(?*Ra)
$A-212(212Pb), & X 7 X -212(212Bi)

228Th
B- /| 1:9116 y
a 228AC a
B’ 6.15 h
A
228Ra 224Ra
575y 3.66 d
a
220Rn
55.6 s
4023 a
A
216PQ
0.145 s
a 21ZBi
B- 60.55 min
212Pb 3;'94% .
10.64 h B
208T|

S

JL— b

Ra-224
3.6319d

- 212Pp (X B A& 1= HYIR D 212Bj & HLGT I

GRS & 57 . 22Ph oL
A TE D L BAES

. 22PhE2RAFBThE Y xR L — &
ELThHEET 5

. 3BELLEB LA 1 kegd2ThTh
3.7MBq®?228Ra L A BN H e 48 Uy,
WEIEEL T2 < AN

n 370MBq®224Ra/?12Pp/212Bj> = F L
— 2 ANIDC(ANL) TEE A AT BE

212Pg
0.299 ps

3.053 min

B- .
64.06% a

208Pp

stable

(C)stgamatx, [] zrmimorsn)

Projectile | Production Route

© EBHAE
R R
O EFF
BEFIF

Decay scheme of 22Ra/?12Pb(%12Bi)

232Thi§§§

232 fEE s
FAPET
FAPET

228Th milking — 22*Ra, 2'2Pb
228Th milking — 2?*Ra, 2'2Pb
231Pg(n, y)2%2Pa _ By 23

226Ra(n, v)22’Ra(n, y) 208R4B By 2281

25

(



% 53230 (330U)
b Y [1-226(26Th)

BlEIL— b

|
U-235
0.7204%

B' 20.23 d
230Pg 78% |q

92.2%
17.4 d
y
230Th EC 226Th
7.54x10% y 30.57 min

Z2ThTcELERRES AN, BOPah HIEZE
LTERKRTDDIZT.8%DA T, %Y
[T REFEAD230Th (7.54 x 10%y) (C
EEY 3,

226ThD B EA A 300 & B LN F- g
KIS INTWB2BAcHIBLTED
213Bj(46%>) & W H AR BE LA -
BN EYERTIEIRD 5N B,

A s BWUTEEAGFBEZRE > TWLWHH,
FL— FRMIPARERINTOAEWE

f‘ O, BFR CEERINTORREL KD

218Rn B*LTL\%O

4 = (D) stgatistr, [ xusmorzts)
a
5( )G ] Projectile | Production Route

12611525 Vé:ggd @ hoEzs p<70MeV  232Th(p,3n)23'Pa —[L>230U
a V o a hniEss p<70MeV  231Pa(p,2n)230U

zoPb “oPb hOERER d<70MeV  23'Pa(d,3n)?30U

Decay scheme of 230U /%26Th
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T REF-211(21AL)

Th-232

J== _ 100% .
wis— b «  E=20MeVElE TIE210PodEALIE M2 OAA &
e Ak

N s LIE—LZEFESE14.6B B D FEAE D
ZNRNNE LT B1=O2"Rn2TAtD TR L—2%
EBZENHIKD,
s A—TYMRIERMEICAFHEAEELBIERE
= BilZBhmANMEL(271.4°C) D TERE DO RLAE
EHCHMNER
Pb-207 | Pb-208 = :hiflzil—aj(i‘ 3_7__7|_\I}k$s I
537 | PE2 URURZ(OTRIL) TUAEEE L-FH D
, FE1HERRABRIAERRSN. EEGHESER
(O ssamste, [ zsmmorisun) 305 T ALY
1G 72.6% 211415{1‘
/ N © MRS o<29MeV  209Bj(q,2n)2MAt
211Pg EC |418% 207Pg
i a it O /#ESE  Li>60MeV  209Bi(7Li 5n)21'Rn S 211A¢
a la 2B AC O EC

hnEEZs  SLi>50MeV  209Bj(6Li,4n)21"Rn — 211A¢
=¢ fiEse  p>70MeV  232Th(p,spall)2""Rn —EC 5 211A¢

Decay scheme of
211Rn/211At




TILE 7 L-149(149TD)

BhE

. BIRILF—BER

o REIEBZTOAHEENATRE

. FUTAVRNADBEEE (ISOL) =AUV =28t
s FONEFEAEHERE (CERN) LIS TRYMEA T

- %
/ 430 9

Eu-153
52.19%

Sovs | St Sm-149 Sm-154 L\é%?[it;t\
= ISOLTIZZ DD ToREEIA(152Tb, 155Th,

ITh) L E->ES/ ATV I AT A

Nd 142 Nd 14 2“:97;8471 Nd-145 Nd-146 Nd-148
8.293% 17.189% 5.756%

:

100

(D rgomees, []zrwmmorzm)

“Th Projectile Production Route

1a
ans %C a” O m=EE P>50-200MeV  152Gd(p,4n)'“°Tb

“Eu »AC s O hnE=s 12C>70MeV 142Np(12C,5n)149Dy —EC , 1497
WC%M S /EC““ O MR 12C>60MeV 141Pp(12C 5n)149Th
o Acmd HNERER p>1GeV natTa(p,spall)“eTh

EC =
WDecay scheme of 1%°Tb
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2BZRaD i EDFE

223Ra (11.435d) (XTEHARIIZ??"Ac (22.7y) Dz RL—E3Do T B

BE RILEVEEIER MR IREEEGER) ~DIRE=:
50kBa/kg A E(Z4B & (26[E —60kg®d B 45
3MBqg/1[a]
13.8MBOM/NATILIZCHASN T/ LD z—hHHFRE
EAN BB ERIC6MB/6mML/1/AL T ILENE S,
HIIE2TAC(22.7yr) MHIILFUTRICEBUIILZTUY
AIREAE D [$228RaD 3 F #A(3x11.435d) & D FI1 M A 1%
FEEHERTI00ANIZHLTUL AT SHE., $15MBgx100A
=1.5GBQWLE, (F=FLEHED100ANIZH L TRRFE(
25 HERITIOIVLELH D, ) HIZ25E x 1.5GBqD
2IACINEWNEEB D BB TELV0., $937GBq
N E(ZB,

DFEY ., FE5000 (100 AN/ x 2558 X 2H A9 I)L) A~ND
MAIZR LT, 37GBqD22"AciHhE,

PNNL@Hanford site: 44GBq&5GBqMD 22’ Ac/Be 14 FiB%
{b=2 5> Bt —Algeta (Bayer Norway) [Z554]]

221Th

27AC
21772y

B/‘ 18.68 d
98.62%

a

23Rg
11.43 d

219RnNn
3.96 s

215P0
1.781 ms

211PO

211Bi
2.14 min

7‘ 0.516' s
0,
0276% |

211Pp

36.1 min

a

99.724%

B_

In the United States, around 350,000 people die each year from bone metastasis (Weilbaecher KN, Guise TA, McCauley LK.

Cancer to bone: a fatal attraction. Nat Rev Cancer 2011;11:411-25).

207T]|
4.77 min
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225Ac (DA

CEICBET ATIRUMFO REES Y

Alternative production methods will
rely on proton accelerators

current potential future production, based on current literature
production (theoretical maximum ?2°Ac monthly production [Ci/month] for a single facility)
(
(worldwide) - Target: Th-232 ~8g
-Beam: ~70 pA, 480 MeV proton /= 500 MeV,
-Irradiation: 25 mAh/target N 2eeacng] 120 HA
"Product: Ac-225, Ra-225 11,285GBq
200 MeV
>-3GBq 48.1GBq 55.5GBq 175 YA 100 l\/IeV
° ° 200 A -
“7Th low-energy p* high-energy p*
generators breeder reactor e accelerator eyclotron eceelaraton
}Er:{ﬁ 226Ra(n’2n)225Ra 226Ra(Y’n)225Ra 226Ra(p,2n)225AC 232Th(p,X)225AC
\. J

225Ra (15 d) — B— 225Ac (9.9d)

Robertson et al., “Development of 225Ac Radiopharmaceuticals: TRIUMF Perspectives and Experiences,” Curr. Radiopharm. 11, Apr. 2018.

This slide is reproduced and slightly modified by the courtesy of Dr. P Schaffer and Prof. H Fukuda, and Prof. T Nakano
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TRIUMF & CNL

TRIUMF: k547 > 5 FT (B LR AT R F B 5T s SAGHE %8 - »
CNL(Canadian Nuclear Laboratories): HF A EIZIRFHHERR ‘ g

X TRIUMF e -

Institute for Advanced Medical Isotopes
(1AMI)

aL TRIUMF

er INNOVATIONS

225Ac Production Milestones

P457 IPF Ventilation Refurbishment

22

AL TRIUMF
v our11A2E-Q

Henourable Justin Trudeau announced federal funding to support the
establishment of the Institute for Advanced Medical Isotopes (IAMI). #IAMI
will be a state-of-the-art facility for research into next-generation, life-saving Canadian Nuclear
medical isotopes and radiopharmaceuticals. With partners University of Laboratories

British Columbia and BC Cancer Foundation, IAMI will bring secured isotope
supplies for nuclear medicine research, next-generation cancer therapies,
aceelerated drug development, increased industry investment, and Improved
health outcomes for Canadians.

Today during a special visit to TRIUMF, Prime Minister of Canada His Right 7’

100 mCi* Safety Review

Laboratoires Nucléaires
Canadiens

2020 ia i Recarnmissioned
1 I 1 1

Thank you for visiting us today, PM Trudeau, and for sharing this
* — | 5 ; t i s o s AR e 229Th/?25Ac YT RL—4%
et 2021 s 2027 2 apr aétzn ; 148-185MBq(4-5mCi)/month
Year 2020 2021 2022 2023 2024 2025

Up to 3-6 Ci, depending on
225A¢” produced (Ci)| 0.05 <0.15 0.5 demand and revenue
milestones

TRIUMFOWA wa—a4w k&Y
AFTEROVYRTA2 - FILE—KA
TRIUMF [ 55 R (2018/11/2) L .
Institute  for Advanced Medical
Isotopes (IAMI) DRI ZERIIIZX
BT BHLEEE. IAMITIETc-99mAPAc-
225%5liE,

QO 3194 JALBIE DL

This slide is reproduced and slightly modified by the courtesy of Dr. P Schaffer and Prof. H Fukuda, and Prof. T Nakano
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U.S. DEPARTMENT OF Office of /Office of Nuclear Physics

Y ENERGY Science REIRILF—E HEHM-ZRYMER

.« BIFERPIAMHEE ?é?"n’]“ Ls: I.sotope Program
: .‘H‘r\l [ '»* ; 'll X r

Adviioey ) ‘ 0 .‘7 « 2009 I/ 51 = 4+ v ¥ — J§ (Office of Nuclear

Scientific : Biological and Energy) 2> O R B

Computing Basic Energy Environmental + Isotope Development and Production for Research and

Research Sciences Research Application (IDPRA) & L T20094F I Bl AR 3 5 3

Read more » Read more » Read more » Wi+ 2707 L0D—2 LAEDT

o BB EEERNIZ B & Nuclear Science Advisory Committee
(NSAC) ® T ik & L TNSAC Isotope Subcommittee
B R X 41, Isotope Program o {3 I [ 1 7232 D fE
E L

U.S. Department of Energy

‘ -
Fusion Energy High Energy Isotope R&D and
Sciences Physics Nuclear Physics Production (IP)

Read more » Read more » Read more » Read more »
BEMAZER U

https://science.osti.gov/Programs : t

MEETING ISOTOPE NEEDS AND
CAPTURING OPPORTUNITIES .
FOR THE FUTURE: i

p
, y N
Compelllng Isdfopes for

Research ©~  -the Nation's

Opportunities F HATY
Rp \ Fs:r;lg !slcattlapei ul:\tll:n";erapgg plan $ : EHTL%@EEE &F;ﬁ%d)j’:&b@
| H 7 1T BB A HET 5

z.

&
. IDPRAZ

2008$'7 7*/EI‘J7° 2009%FL7R—hA  2009%LR—FB 20158 LR—

225Ac is the isotope that should be produced with the highest priority, followed by 2'1At.
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S SNTHFHRIZINE (NNSA) [CDWTEEFEZEDR-
U.S. Department of Energy =/TEFE D IE(L

« DOEF7AY =T 0O04S /A (DOE IP) (2. DOERNTHE—AR *CCT*L‘574‘{'~—7&
FELVEAAD* 7V h—T &R T SHREFDOER | () DL i hnn
ot 1T{EEBPI D BRME(L (SENDmAEET
|Sot0pe Pro ram . DOE IP. Mo-99 (NNSA: ESEELEEE) . Pu-238
(NE: BFATRILE—B) . BLUBETIOISLOBNT

— L— ¥ C —] =t
E? " E ( IEI %‘ ( EE r\lnl“ ﬁ@ﬁ{ﬂ University of Washington PNNL University of Wisconsin BNL (BLIP)
I:l [ o [ & d _L VAN Supplier of research isotopes Sr-90  Y-90 generator for cancer therapy Development of research isotopes Ac-225 Cancer therapy
(e.g. At211) Ra-223 Cancer therapy (e.9. Cu-64) Ge-68 Ga-68 generator for tumor imaging

Np-237 Research Sr-82  Rb-82 generator for cardiacimaging
Cu-67 Antibody labeling for targeted cancer therapy

= =55 57 \ o ANL (LEAF) Michigan State Univ. (FRIB)
N TARELTVBSSATAY ~h— B
L/ {I \ 5 =/ J J g 1 Cu-67 Antibody labeling for Development of isotope harvesting
INL (ATR) ; { targeted cancer therapy (e.g., Mg-28, Si-32, Ca-47)

EiefamRfiAz & - Acfh o0 Gamma e sterlzon

Y-12 (NNSA Facility)

Li-6 Neutron detection
Li-7 Radiation dosimeters

ORNL
HFIR:
Ac-227 Canger therapy
Se-75 Industrial NDA
Cf-252 Industrial sources
W-188 Cancer therapy
Radioisotopes Inventory:
Ac-225 Cancer therapy
Ra-223 Cancer therapy
Stable Isotopes Inventory:
E.g., Ca-48, Ga-69, Rb-87, CI-37
Stable Isotope Production

BEEOBVWEMIARS LUEES Y-

RADEE EMHEICHETIRA > T SO -

Development of research isotopes
(e.9., At-211, Zr-89, Y-86, Pb-203)

Duke University
Development of research isotopes
(e.g. At-211)

LANL (IPF)

0.5 Car 88 e o aging University of Missouri (MURR) Washington University SRNL (NNSA Tritium Facility)

EEEORVEMAOHR - MRRisEs [Keltatre s oot -
= s generator for cardiac imaging pplier of research isotopes evelopment of research isotopes He-3 Neutron detection
1g xd) = L\ =15 VA 0) E 157 (e.g., Se-75, Lu-177, Sm-153) (e.g., Cu-64)

Si-32  Oceanographic research Lung testing

KU BB (TR S SHAZRFE DM

KEIRILX—EDDOE IP) (&, TILYINTUEIHAER (BNL) DT ILyINT R E AR E
M5 (BLIP) »ORF7SEREIIMZEA (LANL) D RGAELEREER (IPF) , S5I12A—9) vy E I HER
T (ORNL) ¥°BNLHE K ULANL CRMZ R E NIB T 1= DRy b 2ILEREEEL TV MAT. 20
7455 Ll%. ORNLOE i FRRGARFIF (HFIR) . 7A 4 RE LR (INL) D= ERER R F
1R (ATR) . Y/ U FHNESLHARFRO M) F LKEEE (SRNL) . 7LV XESLHZERT(ANL) DEZRIL
F—IEBHEER (LEAF) . Y-12E I +F )T AV TL IR (Y-12) | BEUP/IRYT4vH /—ZXHT X b

n EADSSATAY h— FoOEEEERAIA ESHFEA (PNNL) 728 . <D MR TORMADREEHR—FL TS,
ﬁ ’%E' B{aZXR0ME_E &BIMBEADIKE & (KR DOE(%. EI BRIk L HATBISRITINZ T, AL CHRMRICIBEL . £k

NORFEEEE, SMAEFE BREDAV ISR FrREEFMIMBERMB S B2 TR KE
2ERTOFBAEREFEEER) ITEFAR, TV KRPEEZI X KREHEF L 2— (MURR) A
FHR OB ETSNTRINDITE. B+ ENNBHE DD, DOE PIEERERHIC .DOE IPA2RAR YR T—H DRI DA 13—[271Y . RONTDUuke KEHOTHH RAGM, R JL
EELTHITEEZIEL., BRERRLYRRER I LY BTEDBNR A—XBBITT RZTFKRB. A IV ZTFRKRET—ERRGEELMH A EABREFESNTINVS,

EAORESEEETELET. Z0%. DOE PEERELEHALENESI, EEEELE
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Isotope Program
U.S. Department of Energy

fi56p : BICEZxXCEERFBAAFDIRE

ERNTRELTVNSSZATAY h—TP%
TEstaEN A Z RIE - Bofn

BEEOBVWEMIARS LUEES Y-
RADEE EMHEICHETIRA > T SO

BEEDSVEMHADHE - tRRRIEED
KU BB (TR S SHAZRFE DM

W ERDSSATAY h—TORERIERALR
s = BfaZR o6 £ EBIMHE A\ DT Z KRk

FHREMAOEETENHAINDIZF. B+ EANDHEELHSH. DOE IPIFERERE(IC
BELTRMEERIEL, HBERELIUBRERILLIVT ST EDBVRL—XLBBITT
ENORIEEXEZELET . TD%, DOE IPIRXERNERLHFALENESIC, EEEZL

« DOEFVAY ~—TFTO045/ (DOE IP) (d. DOERNTHE—ER *CCT*L")?“{'*—j&
EBIUBMMAD* 7Y h— TR T DIEREIF DER | SEIET 2
FFHEEBPIDERREAL, (SENDmAEET

« DOE IP(E. Mo-99 (NNSA: EFRXZLZLIRES) . Pu-238
(NE: BFAIRILE—R) . BLUBETOISLOENT
B N IS (NNSA) ([C DL CREEE BN
= DRI

IDPRA Budget (2009-2021) %riine

$70,000,000
$60,000,000
$50,000,000
225Ac-PSMA-617
40,000,000 2%Ra -
’ (FDAZE) (JNMz3)
$30,000,000

|

$20,000,000 l
$10,000,000 I l I I I I
S0

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

OoNPLt [%] 4.9 3.7 3.7 3.6 3.6 3.4 3.3 3.5 4.6 6.0 6.4 6.9

OoStt [%] 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.5 0.7 0.7 0.7

m Operation([E{AZLE (CEFh 5 EEr & HEIFRE) W Research(FFE)

KEIRILX—EDDOE IP) (&, TILYINTUEIHAER (BNL) DT ILyINT R E AR E
M5 (BLIP) »ORF7SEREIIMZEA (LANL) D RGAELEREER (IPF) , S5I12A—9) vy E I HER
T (ORNL) ¥°BNLHE K ULANL CRMZ R E NIB T 1= DRy b 2ILEREEEL TV MAT. 20
7455 Ll%. ORNLOE i FRRGARFIF (HFIR) . 7A 4 RE LR (INL) D= ERER R F
1R (ATR) . Y/ U FHNESLHARFRO M) F LKEEE (SRNL) . 7LV XESLHZERT(ANL) DEZRIL
F—INEBHEER (LEAF) , Y-12E LX) T4a>TLyIR(Y-12) . BLUPIROTavH /—RH T AB
E AT (PNNL) A E . SLDEZRTHORGEDEEE Y R—FLTWS,

DOE(Z., B HAR A THORGIIREE S MBARICINZ T, KPLIRELTHERRICIREL., £ ERE
NORREEER, SMAZEE REDIV TSRS F oL EPIMBEIRET 5121 ThL KB
L2ARTOFBHARRE EEFER) [CERAR, TV RKFES X KREFEFEL 22— (MURR) A
. DOE IPXZ2RGAR YT =S DRAD A 13—(275Y  RNTDuke KT FH XAM, X)L
RZFKRE. D ITHINZTRET—ERZLEELMHBIEMNRFEIN TN,
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- Production facilities of o-emitter in the US

RIUMF(Canada)

CNL(Canada)
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» Los Alamos
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NATIONAL ISOTOPE
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Y\ U.S. FOOD & DRUG f‘é‘{»jUS NRC

U.S. DEPARTMENT OF Oﬂ-’lce Of

ENERGY Science
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IS B An official website of the United States government Here's how you know - -~
| 25Ac | FDARMHRR
Q, Search = Menu
29Th(DIRZE K 2021/3/26 % &%
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232Th(p’spa”)m % 2020/2/1 1 $ Al I}ill + News & Events for Human Drugs
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DMF& (% ? FDA-NRC Workshop Enhancing Development of Novel Technologies:
. R " [Ep——— Radiopharmaceuticals and Radiological Devices
n BEZEEHDFDA (KEEREESR
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ZRD Bima. EEMEBICIHA
/C\ %ET - 7 (}Eﬂv_t*sl\ : @i% £ sShare W Twest | jp Linkedin | % Email | & Print
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‘ CERN-MEDICIS(Medical Isotopes
Collected from ISOLDE)

CERN-MEDICIS (ISOLDEA SR E S 1=
EEARD T, EFDOZHEAEROMAD
BEZE0OA-OIEYLEEZEAT-
BIERIZEESTHLIICERT SN B D
e E%
EZMRICFHATESRIOEFEILKL (£
D—EFXCERNTLMHETEALY) RS
API—AYyNFDRFREPHE L 2—IC
EOTHREICHEIND

Radio- Decay
nuclide Mode

CERN-MEDICISZ = MEDICISA—4 v h &8 SRy k7 — L

Target and lon Source

Analyzing e Ny Th-149 Alpha, EC 4.1h
Magnet ” Proton 1.4 GeV | Tb-152 Beta+, EC 17.5h
Tb-155 EC 5.32d
‘ “'l"a i Tbh-161 Beta-, Auger 6.89 d
Isotope Separation Tm-165 Beta+, EC 30.06 h
OnLine (ISOL) Er-169 Beta- 9.392 d
o f&)ﬁéﬁ‘j?ﬁ%ﬁ&f Yb-175 Beta- 4.185d
*(MEDICIg;i;'zgijogggﬁﬁ%;ﬁ;Eﬁ’éﬁﬁﬁ) MEDICISZ—7"YIR) CERN-MEDICISTREL-RI
https://medicis.cern/
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COST(European Cooperation in Science and Technology, BN R+ T 3T 175 1 844E)

COST Action (CA19114): 2020/10/22 — 2024/10/21, 4yrs
Network for Optimized Astatine labeled Radiopharmaceuticals

Action Chair: Dr. Jean-Frangois GESTIN (GIP ARRONAX)
Action Vice Chair: Dr Emma ANEHEIM (University of Gothenburg)
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o 229Th—225A¢C : EiLAZ S EM IR 7 « 226R3(y,n)22°Ra—22°Ac : mmk
%, BIBMERR

Proceedings of the 17th Annual Meeting of Particle Accelerator Society of Japan
September 2 - 4, 2020, Online

« Th-229(3.5MBq & 0.5MBq)

« U-233 cooperation project between
JAEA and the Inter-University ;
Cooperative Research Program |

PASJ2020 THOOO1

E TR NNESR =7 A L 72 Ra-225/Ac-225 8HE D ERRET

. : 7 - STUDY OF RA-225/ AC-225 PRODUCTION USING AN ELECTRON LINAC
y N I DC(US DOE)t)\ ro 0) ;E‘%A (74 F_j’T”’%%"i FEPAHCE T, SHTRE. LA

m ) Actinium.225 Actinium.225 Masafumi Ozeki*, Kunihiro Miyoshi, Mitsuru Uesaka

{Accelerator- (Thorium-229 University of Tokyo
Produced) Decay Product)

° Ijq Lizngh EE%O)J},E\%AEJ Abstract

School of Engineering, the University of Tokyo is considering domestic production of Ac-225 using an electron
o Lo LEHEFHRIERE

linear accelerator. In order to promote domestic clinical research on radiopharmaceuticals, it is important to establish
a self-contained production system. The production method is based on the idea of irradiating the Ra-226 target with
~-rays to generate Ra-225 in the 22°Ra(y, n)22°Ra reaction, and then Ac-225 that spontancously decays from Ra-225 is

ey 1 chemically extracted. The energy / power of an electron linac was assumed 35MeV / 35kW, and the Ra-226 which has a
\lcuris w1 melting point 696 C, melts at high power irradiation, so it is necessary to devise a target design. we will report Ra-225 /
P Ac-225 production amount study and thermal design calculation with various engineering conditions.
* 226Ra(p,2n)?2°Ac: —
) - > | = oo o o =
NIDCoAh BT LY https://www.pasj.jp/web_publish/pasj2020/proceedings/PDF/THOO/

SUTHEE - REHREFR VTSR THOOO1.pdf

#1.5mCidRa-226H o #16pCiddAc-225% %5 7= (3uAx2h)

http://www.aec.go.jp/jicst/NC/iinkai/teirei/siryo2019/siryo22/1.pdf
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RS e(#I®AY) 225Ra(y,n)25Ra —E—»225ac
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https://www.nmp.co.jp/sites/default/files/public/en/press” release/Press
%Z20Release_191011_Theranostics.pdf
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Present Status and Perspectives of 1At Production at RIBF

e Production of >100 RIs of ’Be to 2¢¢6Bh for
application studies with AVF, RRC, and RILAC

¢ Present status of 211At production at AVF
40 pnAX1 h - 1.3 GBq at EOB

* AVF cyclotron

RIK=EN

Nishina Center for Accelerator-Based
Science, RIKEN

Hiromitsu Haba

This slide is reproduced by the courtesy of Dr. Hiromitsu Haba
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- Ukon et al. EJNMMI Physics 7, 58 (2020).
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- Washiyama et al., INM 61 (suppll) 1212 (2020).
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- Aoki et al., Chem. Pharm. Bull. 68, 538-545 (2020).
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How to choose the appropriate alpha
emitters for Japanese TAT?

Nuclear Physician Radiochemist
Therapeutic evidence- Target availability
based perspective Modality or stockpile
Suitable availability
pharmacokinetics for Easy handling

labelled compound Well-understood chemical

characteristics

MIGEHAESERFIFEDLDHH, RIPREIBHZER T “ENBR7FERAELTHEEL. MEBISROLN TSI EIZEDYIFRLY,
RIS REFESERANHDHEEEMI DL FLTHIL TIHLL, “BME EEERISHNT HE, 51
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