2023 12H5H

NEFIRFHEER
R BOERTHEES

BENE1S

EBRASUATAYV F—TDOELEICEET S
FEDJD—o 3y d

International Workshop on Medical Radioisotopes
Supply

30-31 October 2023 OECD Conference Center Paris, France

NEHFEEAN BARTAY F—THE

yiip=g [


長崎梨乃(NAGASAKIRino)
スタンプ


HES

E| PR RS
OECD/NEA

IAEA
European Commission/Joint Research Center

I FiF

Belgian Ministry of Economics and Energy
DOE US

FDA US

DOE/NNSA US

Federal Office for Public Health, Switzerland
Advisor to government of Canada

National Atomic Energy Commission, Argentine
Advisor to government of France

Japan Atomic Energy Commission

JRFKF - IR 2 ER

Brookhaven National Laboratory
TRIUMF

JHR

Japan Atomic Energy Agency
ANSTO

Fukushima Medical University

%

Institut des Radioelements (Belgium)
Curium (US)

SHINE TECHNOLOGIES (US)

BWXT Technologies (Canada)

Novartis Pharma AG (Switzerland)

IDB Holland BV (Netherland)

Lantheus (US)

Institute for Radioelements (IRE) (Belgium)
NRG/PALLAS (Netherland)

Isotopia (Israel)

NTP Radioisotopes SOC Ltd (South Africa)
Pantera (Belgium)

REFLRE
Richard Paul Baum (Germany)
Munir Ghesani (US)

LLEDilifEin 5424



FHEJD—0 a3y JREDE R

WMZE

KIJ—5 a3y TIINEARFEL. OECDA Y 77 LU R R —THEHE,
Molybdenum-99 (%Mo) MEHRIZDINT., K FIBIELEZE/RIKIZVELT D
’/1‘/;&_@3675\(:7%)0 F-. ZH -BEFAERICDLDELHFHADRIIZDOL
TERT Ho

CNETOERE

NEAIZ. 2009 (ZF4E L1=%Mo/""TcHOH R THEBTRLUE., COEERE
BRIOREMRIBZHIETFT H-DIZ, 18HEDKFEK. Euratom Supply Agency,
IAEAM 515 2 EFARLE (High-level Group) F##EL . BARKZEDEE
REIZCET HFEZHGEL TET-,

AKO—4H a3y TOBEB

2019 LIBE D Mot i & FEEF1REIT 5, RKEBEFAEL LCIETAEZBIELT
WAREZFAERADRI, Iz (X lutetium=177 ("77Lu) . actinium—225 (22°Ac) .
astatine-211 C"At) 4 &, BWVFGERIZE LK EEANEIT LFREINEZLD
[2DWTERT 90 _NoDREFAERARIORERBERT H1-0I,
BETHNTUVWSIBFCRBEBEXICKLPIREZTEH T, EFIT 5,



NETHEEEIHE

-MHEEERDOEM IR MMIREEEB(Full Cost Recovery)Z/REIET 5
-REFESDIARMELED D
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-BAMNG FFEENSIM. 2018FEDRFREZICITKE. B, BRADKE
PLRRHALT THF—/N\—E LTHRE,

Full Cost Recovery (fRE&N=#xE & 1H)
Full Cost for ®?Mo = wA + y,,(x, B+ C) +zD + E

Where:

A = Capital costs RIERE

B = General overhead costs of the entire site BRERE CERELLE)

C = General operational costs of the reactor [RFIFDEERARE

D = Decommissioning RFIFORIFHERE

E = Specific Mo irradiation costs Mo iE#EE (BRHFEMHESF)

Source: Guidance Document: Full-cost Recovery for Molybdenum-99
Irradiation Services: Methodology and Implementation, OECD/NEA,

NEA/SEN/HLGMR(2012)9, Feb. 2012
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Day 1
Opening session

Session 1 : Assessing the security of supply of ®*Mo and 3|
Session 2: The current situation and challenges to supply of 77Lu
Session 3: Current developments in new production

Session 4: Programs and sustainable financing models

Day 2

Session 1: Innovative medical radioisotopes and radiopharmaceuticals (1)

Session 2: Innovative medical radioisotopes and radiopharmaceuticals (2)

Session 3: Pharmaceutical regulatory consideration for medical radioisotopes
and radiopharmaceuticals

Session 4: Stakeholders panel discussion

Closing session
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Market Size of Radiopharmaceuticals

« The PET market has grown over the past 10 years and is expected to continue growing
- The market for therapeutic radiopharmaceuticals is projected to grow dramatically in the near
future

MLBCE-lomab-B
{Actinium Pharma)

TLu-PNT2003
[POINT Bioph.)

Lutathera ("7 Lu)

US$ billion

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

39mTe = PET tracers, incl. FDG Other SPECT tracers = Radiotherapeutics MEDraysiniell 2022

Source: MEDraysintell Nuclear Medicine Report & Directory Edition 2022, www.medraysintell.com

PETIC X SERZMNE. HARETHENGTERILANRAFTFN S,
BREFLARIT. EEMOBERNIZELTEY XKBELEMNARRAEND,

Kumiko Kikuchi, OECD/NEA c

B 2023 OECD /NEA
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Demand and Capacity Projections: Scenario A
“"Reference” - Processing and Irradiation
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Demand and Capacity Projections: Scenario B "Projected Capacity
Additions” - Total and Conventional Processing Capacity
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NorthStar (non-U, electron accelerator), SHINE USA (non-U, LEU in solution), Ontario Power
Generation (natural U, natural Mo, power reactor), FM Il (HEU, LEU target, research reactor), RA-10
(LEU, LEU research reactor), Niowave (non-U natural U and LEU/electron Linac), SHINE Europe

(non-U, LEU in solution)
Kevin Charlton, NEA
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Demand and Capacity Projections: Scenario C "2-year Delay to
Projected Capacity Additions” — Processing Capacity

500000

BOOOCD

- fEREE D (FHLi)

- FEEEN
(FTERAMTE A2 EHE)

TOO000

GO0000

500000 - ~ )
2 EREG LML - REEEN
400000 X - -
£ - AREEN (1BkEM)
o 300000 ==
2 FE+35%(&EN)
z 300000
: =
% 100000
o T = T [ < I = I T [ I [ = T = = I [ T [ =
AN AR A AR AR AR FRE AT AR A A AR AL
28 | 2018 | 2020 airal 2022 2023 | 20_2!1 E EE- 2037
—&—MEA Damand —8—MNEA Demand + 35% ORC
=—#—Procassing capacity (All technologies) Processing capacity (basefine)
=d—Procassing capacity (Conventional only) —m—Processing capacity (Al technologies, two-year delay)

RAETHOLUTORENFENT-5E :

NorthStar (non-U, electron accelerator), SHINE USA (non-U, LEU insolution), Ontario Power
Generation (Natural U, natural Mo, power reactor), FM |l (HEU, LEU target, research reactor), RA-10
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(non-U, LEU in solution) Kevin Charlton, NEA
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Scenario C+: "2-year delay to projected capacity additions and
no NorthStar” - Total and conventional processing capacity
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NorthStar (non-U, electron accelerator), SHINE USA (non-U, LEU in solution), Ontario Power
Generation (Natural U, natural Mo, power reactor), FM |l (HEU, LEU target, research reactor), RA-10
(LEU, LEU research reactor), Niowave (non-U natural U and LEU/electron Linac), SHINE Europe

(non-U, LEU in solution) Kevin Charlton, NEA
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2023 NEA Report: Conclusions Adapted to New Developments

- NorthStar development indicates that economics are underlying problem as Full Cost
Recovery (FCR) remains elusive

- Delays and losses in both conventional and alternative technology projects are thus of
serious concern

«  With ORC even lower, co-ordination even more essential
- “Reference” scenario A has no longer improved since 2019 report

« Capacity to manage adverse events very limited in 2023-25 and further project delays
would increase vulnerability

NorthStartt D xtisld. SHRBEEDRANE - Y LA LVKRETIE
BE (EFERE) N"EERTHAIEFTRLTLNS,

BEIEE M. FIRBEHMOEADENOFIENFZINS,
FRE|GAESEEANMET LR LTIX,. HEHETOBRAAFRFINNKAE,
2023-2025F DX SEEN EBEEEICK Y . HBKRTIOMEEIET,

Kevin Charlton, NEA
10
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225Ac-PSMAG617 for therapy of prostate cancer -
A success story for Targeted Alpha Therapy

2013 2014 2015 2016 => Surge in
Synthesized and Collaboration Increasing 1st report on worldwide interest
characterized Univ. Hospital number of remarkable efficacy in 225Ac-PSMA and
in vitro Heidelberg patients treated published : :
I I [ W in TAT in general
>

For the 1sttime  1st patient treated - 225Ac currently produced from available stocks of 229Th
t JRC Karlsruh
a el 33 GBg/a at ORNL

u,;. ___ga" ' 22 GBg/a at IPPE Obninsk

k4 N . 8.4 GBg/a at JRC e
LA PEN “ . g PEMA ?

k4
-
1272014 TR2MS 92015
PSA = 2923 ng'mL PEA = 0.26 ngfml PEA < 0.1 nglmL

Sufficient for =5000 Patient doses E*-mnnua"y

lelele
I'\"\é TaEEEE

o camun]
Kratochwil C. et al, J Nucl Med. 2016;57(12):1941-1944 —p Alternative production pathm%ggg s i 7

EC Joiunt Nuclear Research Center Karlsruhe|$225Ac-PSMAIC & B BIMIRAY A TBED
7= D225AcEHIF L7, IRAEDELS, HH -*%i‘%%ﬁzﬁfﬁﬂ%%ﬁo TW5,

Rachel Eloirdi, EC/JRC Karlsruhe
12
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Main JRC activities in the development of TAT
from bench to bedside

» Methods for production of Ac-225 to secure its supply

| [=rezmiznacaz] _,ﬂ-""!_ el
1 F /
] -i'f/ |
Radiochemical extraction from Accelerator production
Th-229 Iradiation of Ra-226 & other routes

S ol wordd roman rellorwd
E L] L} B ]

— xPSIVOISE FSER BOY 5. W e
Microwave based
uality control
synthesis Ny -

Rachel Eloirdi, EC/JRC Karlsruhe

European
Commission

13
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[ Mainstream %2°Ac production methods

Early supply

-

f \ !
Thorium generator Thorium spallation

Commercial supply

- -

A
Radium gamma

* Decay required to

27 I
: Accontaminated reach expected quality

»  Hundreds of Cify per
praduction line

* Up to 70 Cify* per
production line

v 1-20Cify max per
production line

"  Requires large quantity
of “*Ra

Q [not an issue for PanTera)

= Limited to Th
retrieved

" Cyclotron “farms"
(eostly)

» Upscaling program

* No dependency an
irradiation machines

High energy linear
accelerators

Direct production of
¢ and safety risks

= Significant amount of
time to react

= Longer timeline due to
novelty of photonuclear
production

*  Already available in
low guantity

" Could supply small

= Already available
iy a amounts (clinical tests)

* Recycling of waste = Generation of long-lived * Commercial supply = Large scale with single

9008 O
Q000 o

radioactive waste requires heavy accelerator
infrastructure
= Limited max capacity = Mot suitable for
cannot supply more commercial use due ta = OK for Early supply
than one commercial low Actinium gquality =» Commercial supply is
campound {RE&D use only) risky and costly
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Sven Van den Berghe, PanTera
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@ Current and potential methods of 225Ac production

Production Method

229Th generator

232Th(p, x)225Ac

Facility

TRIUMF

BNL

INR
Arronax

LANL

iThemba LABS

226Ra(p, 2n)225Ac

Isotope
Separation On-Line
(ISOL)

226Ra (Y! n )ZZSRa

cyclotron

TRIUMF (existing)
TRIUMF (potential
upgrades)

medical linac

zzsR_a(lr 2 ﬁzzﬁa

ALT

Shigetaka Maeda, JAEA

« The parent nuclide, 22°Ra, can
be produced in a reactor by
226Ra(n, 2n)%2°Ra reaction with
fast neutron, and then produce
225Ac by milking.

e

« We focus on 226Ra(n, 2n)?2°Ra

reaction to produce 22°Ac at
Joyo

ERFTOEEICKRE=LEEMN
HEonf,

* Henderson Robertson, A. K., Ramogida, C. F., Schaffer, P.
and Radchenko, V., Development of 225Ac
Radiopharmaceuticals: TRIUMF Perspectives and Experiences,
Curr. Radiopharm., 11, 156-172 (2018)

15
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Reuse of 226Ra 1

Technique for refining
226Ra for reuse

g

Technique for selective separation and recover

— 225A¢ from irradiated Radium
Irradiation of

Radium Separation (1st) Separation (2nd to 6111)
DGA resin column DGA resin column Ln resin column
[ 1
Medical

use @
® @O

Attenuation
225R3 (T1;2—15 days) \% of 225Ra |—|

Dissolution
of Ra

DGA resin column Ln resin column
100 100 Ra

S 80 S 80
2 K=}
E 60 E 60
E 40 E 40
5 20 & 20
© Ac © Ac

0 0

Ra AC_ Ra Ac
fraction fraction fraction _fraction
Separation between Actinium and Radium was confirmed. I

Shigetaka Maeda, JAEA 16
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Radio activity[GBq/g]
oo

8weeks
(about
59days)

Cycle A CycleB CycleC CycleD.

-——

60 120 180
Time [day]

Shigetaka Maeda, JAEA

——RA225_(A)
——AC225_(A)
——RA225_(B)
——AC225_(B)
——RA225_(C)
——AC225_(C)

RA225_(D)

AC225_(D)

Medical needs
» 4 doses per patient at 8 weeks interval
+ 100 kBg/kg-weight” — 6 MBq / patient (%60kg)

Operation Pattern

+ Irradiation : 45 days/cycle
« Fuel exchange and maintenance : 14 days/cycle
» Operation Cycle : 4 cycle/y
Other conditions

+ Ra-226 target : 1 g/cycle

« Milking interval 1 1 week

2spc [GBg]  4.28 3.09 223 161 116 13.2
(patient) (710)  (520) (370) (270) (190) {140) (2,200)

52.8

* Clemens Kratochwil, Frank Bruchertseifer, et at. Targeted aTherapy of
Metastatic Castration-Resistant Prostate Cancer with 225Ac-PSMA-617:
Swimmer-Plot Analysis Suggests Efficacy Regarding Duration of Tumor
Control, J Nucl Med 2018; 59:795-802
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Therapeutic isotopes demand is growing

BREFLAEICET HREDTE

Therapeutic Isotopes

# treatments in Europe
Thousands per year (MEDRaysintell-scenario)

300

500

y
400 g Lu-177

Microspheres (Y-90, Ho-166)

200 =

2020 2040

1?ﬁ7 EEAR— A R ERER CTAREZMARB L
BEMENT+ATLHWNGE

mZEAWA 70O kO —)lxﬁ‘iﬁ.iﬂ"]o
(Baum R, Day 2, session 1)

Intemational Workshop on Medical Radioisotopes Supply October 30-31, 2023 Paris, France

. T 7 REEHEE

T PALLAS NRG

BREFZEROEMRHERDT A

Globalvolume Mo-99
6D Ci-EOP per week (base scenario)

14,000
12,000

Corona
10,000 l

North America

Europe

2015 2024 2029 2034 2039 2044 2049

IMoDFI AL, BRI, dLXMBTOT . ZDHD
IR ICHERK L, REENET,

Source | MEDRaysintell 2021, Investor document BC 1.2 (15-dec 2022)

Ronald Schram, PALLAS NRG (F Z > &)
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Lu-177 & DRI

Current Lu-177 Production

Producer Processing Reucior(s) nca/carrier

Eckert & Ziegler Germany BR-2 Yes/No
Isotopia Israel BR-2 HFR Yes/Yes
Canada (AtomVie/CPDC)
ITM-ITG (EndolucinBeta®) Germany BR-2 OPAL Yes/No
Australia - ANSTO HFR SAFARI
FRM-2 ILL (FR)
Isogen/ITM-ITG Germany Bruce NPP (Canada) Yes/No
JSC Isotope Russia RIAR, other (Russia) Yes/Yes
McMasters University Canada McMasters RR No/Yes
Monrol (LuMagic®) Turkey BR-2 HFR Yes/Yes
MURR USA MURR Yes/Yes
Novartis - AAA/IDB Netherlands HFR Yes/Yes
Indiana USA (2023%) INMZ2 (RU)
POLATOM (LutaPol) Poland Maria No/Yes
SHINE (IOCB Prague license) USA MURR Yes/No

Additional small-scale production a BRIT (India), PARS (Iran), CMR (Russia), Perkin-Elmer (U.S.) and other locations

BHARZESOMKREETIRZZE LB TRTSNATLLSEHEESND,

Ira Goldman, Lantheus
19



S DOLu-177 2EETE
Lu-177 Production Projects

BWXT Isogen Canada /7120/2020
Curium Monrol (licensee) Netherlands 1/28/2022
Eckert & Ziegler ($10M) Point (supply) Massachusetts, USA  9/25/2023
IRE/SCK Belgium 2/13/2020
Fleurus, Mol/BR-2 3/4/2022
Isotopia Seibersdorf Labor  Austria 10/8/2021
Global Morpho Pharma e = 712972022
(Framatome minority)
Monrol (E35M expansion/new) Turkey (Gebze) 9/11/2023
Point Biopharma (2023 IRE/SCK (licensee) Indiana, USA 11/24/2021
(Lilly acquisition 10/3/2023)
SHINE (new facility end 2023) IOCB Prague Wisconsin, USA 6/22/2023

EXDOFRMENBVEO, EXRMNFEFFEZIITPOI LY,

Ira Goldman, Lantheus 20
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* Half-life 7,2h

* 1 alpha particle emitted

* Cyclotron, 2%°Bi(a,2n)?11At

* Scalable production

* Independence from unstable countries,

* Cheap raw material

* Mastered Patented Chemistry

* Preclinical & clinical applications

* Waste management is not an issue
WEAKNESSES

* Lack of accessibility

* Very little production centres in EU and only at academic
level

* Half-life is too short for usual centralized production

* Lack of sufficient clinical POC

* There is a need for a critical mass of users.
Jean-Francois Gestin, INSERM, World Astatine Community

21
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CCEOSE CURRENT EUROPEAN PRODUCTION SITES AND CAPACITIES

Current production sites:
- Copenhagen University (Denmark), internal beam, Scanditronix MC32
/MC35 (1.2GBg-2GBq). Increasing production ongoing.

- Arronax Nantes (France), extracted beam, IBA 70, (1GBg-1.5GBq).
Increasing production ongoing.

- Forschungszentrum Jilich, Germany, IBA 30 XP, extracted beam.
Starting production.

- Birmingham University (UK), extracted beam,

Scanditronix MC32 /MC35, (1GBq). On demande.

Production sites starting soon:

- Polatom Warsaw, Poland, IBA 30 XP, extracted beam. In a year.

Alternatives: linac projects
- COLIBRI, (Hamburg, Germany) and GANIL, Caen France (not ready yet)

Insufficient production today to envisage g8
clinical routine!

NEA/OECD, Paris, October 30-31, 2023.

Jean-Francois Gestin, INSERM, World Astatine Community

22
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Past and current clinical studies using 211At
SN e comouns _[Carcervne [Pl Phase_lReie

UC Berkley & UCSF (SA, 2LIAL in water Thyroid gland disorders JG Hamilton et al.,
USA) (1954)
Carl Gustav Carus Univ. [211At]-human serum Recurrent tongue cancer 1 _ | Doberenz et al.,
Hospital (East Germany) albumin microspheres (1990)
Duke Univ. Med. Center [211At]-ch81CH Glioblastoma 18 | NCT00004361
(Durham, NC, USA) (2008 reported)
Sahlgrenska Univ. Hcspltal [21IAL]-MX35 Flab'), QOvarian Cancer 12 | NCTO04461457
(Gothenburg, Sweden) (2009 reported)
Compound Planned
<L Fred Hutchinson Cancer [2114t]-BC8-B10 AML, ALL, MDS NCT03128034
w) Center & Univ. Washington
o Med. Center (Seattle, WA,  [2}'At]-BC3-B10 Acute Leukemia, MDS 30 |/|| NCT03670966
-~ USA)
@ [211At]-BC8-B10 Hematopoietic Cell 40 [/11 NCT04083183
= Transplantation
4]
lab) [211At]-0AK10-B10 Multiple Myeloma 30 | NCT04579523
w
[211At]-0AK10-B10 Multiple Myeloma 24 [ NCT04466475
< Osaka Univ. Hospital [?11At]-NaAt Thyroid Cancer 11 | NCT05275946 i
& | (0saka, Japan) (Nov. 2021~) thicf;te:fa d .
E Fukushima Med. Univ. [211At]-MABG Malignant Pheochromocytoma / 18 | (Oct. 2022~) . g
(Fukushima, Japan) Paraganglioma (Max.) milestone
FUKUSHIMA i, : nternational Workshop on Medical Radioisotopes Supply . /
@aﬁﬁ'&?m Kohshin WASHIYAMA (FMU) Oct 30-31, 2023 @ OECD Head Quarter, Paris, France Slide 3/11

Kohshin Washiyama, Fukushima Medical University
23
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211At production site (5+1) in Japan

Supply Chain

Accelerator Purification

- -
—
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>
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I e iy

Manufacture

Material
A

=

g

Target prep.

Materials (2Bi)

ot |

Domestic refining

e H' H
I ‘7/
Metal ‘ Riken . A\\m\\
Company

FMU FMU

A\

Industry B?

==

Received as irad material

/

-

Importi China) Industry A?

Fior iadiation, facilities with acceleralors capable of accederabing alpha beams up to 28 MeV are essential
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