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BWXT Medical Investor Presentation, September 2022
http://s2.q4cdn.com/477932843/files/doc_presentations/BWXT-Medical-September-2022-briefing-FINAL-v3-(1).pdf 
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DIAGNOSTIC-SPECT



Mo-99 Production Routes

Source: modified from “The supply of medical radioisotopes-Review of 
potential Molybdenum-99/Technetium-99m production technologies”. 
Nuclear Energy Agency-OECD November 2010
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Reactor Country Maximum 
Capacity (6 
day Ci)

World 
Share 
capacity

OPAL Australia 3500 16%

CNEA (RA-3) Argentina 400 2%

MARIA Poland 2200 9%

SAFARI-1 South Africa 3000 14%

HFR Netherlands 6200 26%

LVR-15 Czech RPB 3000 10%

RIAR & KARPOV Russia 890 5%

BR-2 Belgium 6500 15%

MURR USA 750 4%

Name Country Maximum 
Capacity (6 

day Ci)

World 
Share 

capacity

ANM (G) Australia 3500 18%

CNEA (G) Argentina 400 2%

Curium © Netherlands 5000 32%

IRE (SG)/© Belgium 3500 22%

NTP (SG) South Africa 3000 16%

NorthStar© USA 750 5%

Rosatom 
(SG) 

Russia 890 5%



OECD: Demand and supply of medical radioisotopes
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Day 1, Session 1: Assessing the security of supply of 99Mo and 131I 
Session 2: The current situation and challenges to supply of 177Lu
Session 3: Current developments in new production: 99Mo (SHINE and BWXT) and new RRs
Day 2, Session 1 will discuss trends in innovative radioisotopes, while Session 2 will focus on 
three of these radioisotopes: 68Ge and its daughter nuclide 68Ga, α-emitting 225Ac and 211At.
Programmes and sustainable financing models; Pharmaceutical regulatory considerations 
for medical radioisotopes and radiopharmaceuticals; Stakeholders panel discussion; 
Specialists in medical field and private sector panel discussion
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OECD Reports: Demand and supply of Mo-99
OECD-NEA: https://www.oecd-nea.org/jcms/pl_87477/the-security-of-supply-of-medical-radioisotopes-
demand-and-capacity-projections-for-99mo/99mtc-for-the-2023-2027-period?details=true 

Conclusions
• Global demand up to 10,000 6-day Ci
• Positive: HEU to LEU conversion (90%)
• Delays in alternative technologies (2027)
• Continuous service during COVID
• Shortages: NTP (before 2020) and late 2022
• Current irradiators and processors, if well 

maintained and scheduled, should be able to 
manage limited periods of unplanned 
outage.

https://www.oecd-nea.org/jcms/pl_87477/the-security-of-supply-of-medical-radioisotopes-demand-and-capacity-projections-for-99mo/99mtc-for-the-2023-2027-period?details=true
https://www.oecd-nea.org/jcms/pl_87477/the-security-of-supply-of-medical-radioisotopes-demand-and-capacity-projections-for-99mo/99mtc-for-the-2023-2027-period?details=true
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2023 NEA Report: Recent Development - NorthStar Closure
 • On 5 October 2023, NorthStar Medical Radioisotopes, LLC 
announced that it would “suspend manufacturing and 
commercialization of molybdenum-99”
 o Reduces capacity available in large US market
 o Increases risks for security of global supply when unplanned 
events occur
 o Removes projected additional capacity from all Scenarios
 • NorthStar indicates that economics are an underlying problem

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

https://www.oecd-nea.org/jcms/pl_87477/the-security-of-supply-of-medical-radioisotopes-demand-and-capacity-projections-for-99mo/99mtc-for-the-2023-2027-period?details=true
https://www.oecd-nea.org/jcms/pl_87477/the-security-of-supply-of-medical-radioisotopes-demand-and-capacity-projections-for-99mo/99mtc-for-the-2023-2027-period?details=true


Mo-99: New producers

• First US producer of Mo-99 in the last 
3 decades

• Radiogenix generator system and  
Tc-99m produced using RadioGenix 
approved by USFDA 
• 2 Mo-99 production routes 

▪ Irradiation of Mo-98 targets at 
Missouri University Research 
Reactor (MURR) 

▪ Linear accelerator route

IBA Rhodotron® TT300-HE
40 MeV Electron accelerator installed  at 
Beloit, Wisconsin facility of NorthStar  

NorthStar USA

Shine Medical 
Technologies, USA 



Mo-99: New Producers

Ontario Power Generation (OPG), its subsidiary Laurentis Energy 
Partners (Laurentis), BWXT ITG Canada Inc. and its affiliates (BWXT) are 
making significant progress toward the production of molybdenum-99 
(Mo-99) at OPG’s Darlington Nuclear Generating Station
BWXT Canada Ltd. Isotopes Nuclear Energy Canada Press Release

Nuclear Power Plants, Canada

https://www.bwxt.com/news/BWXT%20Canada%20Ltd.
https://www.bwxt.com/news/Isotopes
https://www.bwxt.com/news/Nuclear%20Energy%20Canada
https://www.bwxt.com/news/Press%20Release


DIAGNOSTIC- PET
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IAEA
https://nucleus.iaea.org/sites/accelerators/Pages/Cyclotron.aspx 

>1350 Cyclotrons 89 MSs

https://nucleus.iaea.org/sites/accelerators/Pages/Cyclotron.aspx


Ga-68 
• Two production routes:
▪Direct: 68Zn(p,n)68Ga

▪ Indirect: Generator 68Ge-68Ga
o 69Ga(p,2n)68Ge

Source: Curium Oct 2023



Please register freely at: 

https://iaea.webex.com/weblink/register/r6e7526606c81b68d2a8886b87513fcab

Opening
Ms. Melissa Denecke, Director, Division of Physical and Chemical Sciences, IAEA

Ms. Celina Horak, Section Head, RCRT, IAEA

Mr. Amir Jalilian, Scientific Secretary, RCRT, IAEA

Speakers
Mr. David Dick, USA

Mr. Miguel Avila-Rodriguez, Mexico

Mr. Robin Ippisch, USA

Ms. Brigitte Guérin, Canada

Ms. Katie Gagnon, Sweden

Ms. Cristiana Gameiro, Belgium

Mr. Antero Abrunhosa, Portugal

Ms. Ellen Pel, Strasbourg, France

https://iaea.webex.com/weblink/register/r6e7526606c81b68d2a8886b87513fcab


Zirconium-89 89Y(p,n)89Zr

Half-life of 3.27 d – well suited for study of pharmacokinetics of antibodies (achieve 
optimal biodistribution ~4-5 d)

[89Zr]trastuzumab-PET/MRI
Breast cancer therapy response



• 5/8/2024

IAEA contribution to the development of 64Cu radiopharmaceuticals for 
theranostic applications
Amir R. JALILIAN, et al. The Quarterly Journal of Nuclear Medicine and Molecular Imaging 
2020 December;64(4):338-45. DOI: 10.23736/S1824-4785.20.03302-6

Cu-64: 64Ni(p,n)64Cu 

• Potential use in diagnostic and therapy

• β- , β+ e CE emitter

• Radiopharmaceutical: ionic CuCl2

https://doi.org/10.23736/S1824-4785.20.03302-6


Theranostic

Ga-68 PSMA: Diagnosis
Lu-177 PSMA: Therapy beta
Ac-225 PSMA: Therapy alfa



THERAPY- β-
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Diagnostic radioiodine scan (I-131)

Iodine -131
• Isolated & supplied by Mo-99 producers as a fission 

product 
o Shortage of supply follow Mo-99

• Produced locally by countries having RR facilities 
(neutron capture on Te-130)



Lu-177

Currently the highest potential therapeutic radionuclide: 177Lu-DOTATATE, 177Lu-
PSMA 

Production: Two routes 

◦ 176Lu(n, ) 177Lu : 176Lu can be natural or enriched (Limitation of specific 
activity) 

◦ 176Yb(n, ) 177Yb→177Lu (High specific activity no carrier added) 

◦ Use of Research Reactors, Nuclear Power Plants and fission induced by 
accelerators

◦ Issues: availability and price of enriched target materials  

Local production & distribution as well as commercial manufacturers supply 
pharmaceutical grade 177LuCl3 suitable API for radiopharmaceutical 
preparation as well as radiopharmaceuticals 



Source: Lantheus Oct 2023



Lu-177



67Cu, 186Re, 47Sc
Half-life

Emissions
Image

Emissions therapy
Production 
methods

Decay product

47Sc 3.3492 d 
γ 159.38 keV 
(68.3 % 4)

β− (100 %)
Eβmax = 440.9 keV
(68.4 % 6)
Eβmax = 600.3 keV
(31.6 % 6)
Eβmean = 162.0 keV

48Ti(p,2p)
49Ti(p,3He)
50Ti(p,α)
47Ti(n,p)

47Ti (stable)

67Cu 61.83 h 

γ 93.31 keV 
(16.1 % 2)
γ 184.58 keV 
(48.7 % 3)

β− (100 %)
Eβmax = 377.1 keV
(57 % 6)
Eβmax = 468.4 keV
(22.0 % 22)
Eβmax = 561.7 keV
(20.0 % 20)
Eβmean = 141 keV

68Zn(p,2p)
70Zn(p,α)
67Zn(n,p)
68Zn(γ,p)
68Zn(n,x)

67Zn (stable)

186Re 3.7183 d 
γ 137.16 keV 
(9.47 % 3)

β− (92.53 % 10)
Eβmax = 932.3 keV
(21.54 % 14)
Eβmax = 1 069.5 keV
(70.99 % 14)
Eβmean = 346.7 keV

186W(p,n)
186W(d,2n)
192Os(p,α3n)

186Os (stable)
186W (stable)

50
Ti(p,x)

xx
Sc
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Bone pain palliation
Re-188 HEDPLu-177 EDTMP Sm-153 EDTMP 

Ra-223 chloride

Beta 

Emiters

Alpha 

Emiters Ra-223 Production
• Ac-227 decay (chain)
• Th-227 decay (direct)
• Ra-226(n,γ)Ac-227



Therapy - α
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Ac-225 

Decay scheme of 225AcDecay scheme of 225Ac



Research Reactor: Irradiation of Radium-226 for production of 
Th-229: Ra-226 (3n,γ)Ra-229 → Ac-229 → Th-229 

From decay of U-233



Source: NOAR Oct 2023

















Radionuclide Half-life Energy* 

γ(X)+e-, keV

Energy* γ(X),

 keV

Energy*

e-,

keV

Number of  electrons

0.1 - 1.5 

keV

1.5 - 5

keV

> 5

keV

111In
2.8 d 440 405 35 1.91 1.02 0.31

103mRh
56.1 min 39.8 1.8 38 1.49 0.79 0.99

119Sb
38.5 h 48.8 23.1 25.7 2.77 1.47 0.96

125I
59.4 d 61.4 42 19.4 2.99 2.40 0.33

67Ga
78.3 h 193 158 35 1.69 - 0.95

197mHg
23.8 h 308 94 214 ? 1.90 2.40

197Hg
64.1 h 136.3 69.9 66.4 ? 2.07 1.70

Therapy – Auger emitters



Brazil–IAEA Nuclear Energy Management School
Rio de Janeiro, Brazil

23 June to 4 July 2025



OBRIGADO!
Thank You!
Gracias!
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