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Many current reactors may stop in 2030-2040 But there are new initiatives
=ra e
- HER — PALLAS - Will take over from HFR
B MM FRM-Il - New Mo-99 facility
Europe BN | e e l' 'I JHR - Start after 2030
l ' | | T * ARTHUR - Feasibility stage

ll. MYRRHA - beyond 2027, accelerator produced radionucludes

:_; Safari == NorthStar, SHINE, Niowave, newbuilt MURR ..
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Intemational Workshop on Medical Radioisotopes Supply October 30-31, 2023 Paris, France
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Therapeutic isotopes demand is growing

Therapeutic isotopes

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

Alfa-isotopes
800

Other beta
600

400 Lu-177

Microspheres (Y-90, Ho-166)

200

2020 2025 2030 2035 2040
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Intemational Workshop on Medical Radioisotopes Supply October 30-31, 2023 Paris, France
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Diagnostic isotopes (Mo-99)

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

::: Corona
8:000 l
M ABRSHERGITT R Mo DFE(E
7 ST TEIER 53

Source | MEDRaysintell 2021, Investor document BC 1.2 (15-dec 2022)
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Risk of shortage, new initiatives are needed

Conclusions
Ver.y |n.d|cat|ve supply and demand scenario for Lu-177 nca (based on scarpe data) ‘ « Shortages will emerge if
(a)us hldden) High demand scenario o
(in line with MEDRaysintell 2021) no reactor capacity is
added
* The gap needs to be filled
by new initiatives

Medium demand scenario

Disclaimer:
Capacities of other reactors are not published
and depend on many factors

Likewise, demand cannot accurately be
predicted for the coming 20 years. It could be
double or half or what is shown.

Estimated capacity of existing reactors

2020 2025 2030 2035 2040

Intenational Workshop on Medical Radioisotopes Supply October 30-31, 2023 Paris, France Source: Lu-177 nca capacity model (2021)
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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

TILu-PNT2003
(POINT Bioph.)

Xofigo (***Ra)
(Bayer)

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

“99mTc = PET tracers, incl. FDG Other SPECT tracers = Radiotherapeutics © MEDraysintell 2022

Source: MEDraysintell Nuclear Medicine Report & Directory Edition 2022, www.medraysintell.com
© 2023 otco/nen www.oecd-nea.org Kumiko Kikuchi, NEA
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The distribution of research reactors
used in the production of radionuclides.
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The worldwide distribution of cyclotrons
used in the production of radionuclides.

~ Number of cyclotrons per continent 3 ‘ Y
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Demand and Capacity Projections: Scenario B "Projected Capacity
Additions” - Total and Conventional Processing Capacity
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HERWICE, BEEOI 22—y b (BER, &RIEK) ( EOS0F2—5Fy b (RAMZE)
HRERRFFOFA. EFMRSFICELRE. F

NorthStar (non-U, electron accelerator), SHINE USA (non-U, LEU in solution), Ontario Power
Generation (natural U, natural Mo, power reactor), FRM 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 16



PMoHEDFATBF : JHR ject

The molybdenium?® loading displacement systen‘i‘

To ensure the Mo commitment, the JHR project designed
4 dedicated displacement systems that allow the loading and
unloading of the targets during a JHR production cycle.

JHR will be able to irradiate from 720 to 1152 Mo targets per
year:

« depending on the number of production cycle per year (5 to 6)

« depending on the duration of the cycles: from 3 to 4 batch per
cycle

« depending on the power 70 to T00MWTh S nes s water
This system is also versatile as it could irradiate other kind of Moving system
radioisotope, as the lutetium'’” for example, depending on the Flied pate

demand. s

Safeguard circuit

International Workshop on Medical Radioisotopes Supply17
OECD-NEA 30-31 October 2023 JHR project& #l &)



PMoH & D 1iThAFE : JHR project

Specific extraction and conditioning rooms R B

ECA = Alpha cell ECS = Maintenance room
- for the alpha cell

1 hot cell dedicated to the Mo99, ECC = Cell used to . —
house fuel for experiments \;/ _ ECE = Cell for non-destructive

1 hot cell mutualized with material experiments, \e=UE I —

———

ECD= Cell used to house _
material for experiments ) { = ECM = Cell for non-destructive

examinations on material samples

1 dedicated room with shielded box

ECR = Cell for conditioning and —
removing radioisotope targets

Workstations

———

International Workshop on Medical Radioisotopes Supply18
OECD-NEA 30-31 October 2023 JHR project& &)



9MoRL & D HiTBA % : SHINE

~ Our promise to the global health care community

Subcritical Hybrid Intense Neutron Emitter

1. Low LEU use (recycling loop), low HRA waste, intrinsically
safe

7. Decreases dependency on ageing, capacity constrained
high flux research reactors

3. Decreased cost of production compared to current process
- CapEx and OpEx

4. A future with Mo-99 (and other uranium fission based
medical isotopes) produced all on one site (full internal
integration)

5. Flexible and easy to access neutron sources for R&D and
key neutron activation medical isotopes

International Workshop on Medical Radioisotopes Supply19
OECD-NEA 30-31 October 2023 SHINEE $1 &Y
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* BR2(Belgian Reactor 2)
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e OPAL(The Open-pool Australian lightwater reactor)

2024451
ANSTO (Australian Nuclear Science and Technology Organization) £/ [
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25Ac (77 7F =) L:225)

BN TR LWWEPACICEES A DG ELIAREDBERNRF>TLS
A BRERNTREFLEITHONTLEL,

RO KY (FIERIZ B EFAERIZ K D)
R SHREEDRARICE T AXFTDREICLDHE, IREDACTIERS
NI27TD R FHRREFERTHY . TDHH13(1E T TIZERRERL N)LIZEZEL
TW5, PN AciZH 7 FITXEE R FBINFEEREICA-TEY., 20285FF
TICHIFICEIS T 58N H D,

*:Journal of Nuclear Medicine August 2023,
Richard Zimmermann, Is Actinium Really Happening?
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Novel Production Paths for Actinium-225

Ra 226

Ra 226

—_—> 99d
Th 232

“H

VARNY

Ac 225

1600 a > 99d

Ra 226
1600 a —>

Th 229

1600 a > 7920 a

by (p,2n) (low-energy proton cyclotron)
Patented by JRC in 1999/2001

by (7,2n) or (y,n) (spallation neutrons / electron linac)
by 3 (7, (high-flux reactor)

by proton-induced  (medium-energy protons at ISOL fac.)

Ac2251  gpallation PRISMAP project with CERN
Open Access program with INFN, ...
B R # FIRa-226DEFZEMNHEZIE->TLNS” B oo
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Copenhagen/Denmark
Oslo/Norway
Nantes/France
Orleans/France
Rez/Czech Republic
Dubna/Russia
Tomsk/Russia
Warsaw/Poland
Cracow/Poland
Groningen/The Netherlands
Birmingham/UK
Jyvaskyla/Belgium
Brussels/Belgium

Julich/Germany

Lindegren S, et al. Realizing Clinical Trials with Astatine-211: the Chemistry Infrastructure.

@ Japan Radioisotope Association

2NAL (P RFAF211)

Copenhagen Univ

Univ of Oslo

Arronax

CNRS-CEMHTI laboratory

Czech Academy of Science
JINR-FNLR

Tomsk Polytechnic Univ

Heavy lon Laboratory Univ of Warsaw
IFJ-PAN Cyclotron Center Bronowice
Univ of Groningen

Univ of Birmingham

Univ of Jyvaskyla

VUB

Forschungszentrum Julich

Cancer Biotherapy and Radiopharmaceuticals VoI35, No. 6, 2020 425-436
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Durham/USA Duke Univ

Seattle/USA Univ Washington
Philadelphia/USA Penn Medicine
Davis/USA UC Davis

College Station/USA Texas A&M
Bethesda/USA NIH

Ann Arbor/USA Univ Michigan
Daejeon/South Korea IBS-KAON (ETE[ )
Takasaki/Japan QST

Chiba/Japan QST

Osaka/Japan Osaka Univ
Fukushima/Japan Fukushima Medical Univ
Wako Saitama/Japan RIKEN

Sichuan/China (9 JI]) Sichuan Univ

South Africa iThema Labs

Lindegren S, et al. Realizing Clinical Trials with Astatine-211: the Chemistry Infrastructure. 28
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Carl Gustav Carus 2ULAtERMIRT7IL BRI HA 1 A Doberenz

Univ Hospital JIv (1990)

Duke Univ Med 211t ch81C6 EtmZRBiE 18 RER NCT00004361

Cent (2008)

Sahlgrenska Univ  211At MX35F (ab')2  BUEAA 12 AER NCT04461457

Hospital (2009)

Fred Hutchinson  21At BC8-B10 2B R MR 50 SHER NTC03128034

Cancer Center & 2o\t emR (FREEITH)

Univ Washington  21!At OAK10-B10 B e IR B

Med Center ZHERMEEHEE 30 NCT04579523
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o 64Cu-ATSM
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Royal Northshore Hospital (AZ7—XF351) 7)
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Number of nuclear medicine physicians
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(A) Nuclear medicine physicians per million people

The Lancet Oncology Volume 25, Issue 6, June 2024, Pages e250-e259
Trends in Nuclear Medicine and the Radiopharmaceutical Sciences in Oncology: 37
Workforce Challenges and Training in the Age of Theranostics



Number of Radiochemists and
Radiopharmacists per million people

B >30 Y
» 1.1-3.0
0.1-1.0 3

e el — -

(B) Radiochemists and Radiopharmacists per million people
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(C) Nuclear medicine technologists per million people
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(D) Medical physicists per million people
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(E) Nurses in nuclear medicine per million inhabitants
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