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Factors impacting global radiopharmaceutical 
supply 
 

• Medical radionuclide availability and accessibility 
– Regional geography

• Radiopharmaceutical regulatory landscape 
– In-house production 
– Interplay between health and nuclear energy 

regulators 
• Insufficient professional training
• High costs 



Therapeutic 

• Beta
• 131I (8.02 days)
• 177Lu (6.65 days) 
• 67Cu (2.57days) 
• 47Sc (3.35days)
• 161Tb (6.95 days)

• Alpha 
• 225Ac  (9.95days)
• 213Bi   (45.6minutes)
• 212B (60 min)
• 211At  (7.21hours) 
• 227Th (18.7 days) 

Diagnostic (PET) 

• 89Zr (78.4hours)
• 124I (100.4 hours)
• 72As (26 hours)
• 152Tb (17.5 hours) 
• 76Br (16.2 hours) 
• 86Y (14.74 hours)
• 43 Sc  (3.89hours)
• 44Sc  (3.97 hours)
• 45Ti (3.05hours)

Availability and “Accessibility” of 
Radionuclide Remains a Challenge



Currently, the 225Ac supply chain problems 
persist   

https://www.fiercepharma.com/pharma/bms-and-rayzebio-halt-radiotherapy-trial-enrollment-
after-isotope-runs-scarce



Radioactive Half-Life has Major Impact on 
Radionuclide  Availability  

Irradiation Facility Radiochemical Isolation Facility

Radiopharmaceutical Manufacturing Facility End-User



Considerations 
• Ability to be incorporated into 

well-established chelators
• Half-life and distribution 

potential 
• Overcoming regional 

regulatory restrictions 
• Availability of enriched target 

material 
• It is cheap!

• Industrial quantities of DOTA-PSMA-617  and 
DOTAGA-PSMA-I&T were quantitatively 
labeled with 89Zr.

• Certain advantages over 68Ga and 64Cu.

89ZrCl4 as a global  PET radiometal of 
choice? 

Dr. Mark Bartholomä, PhD.  



Regulatory landscape does impact patient  access 
to radiopharmaceuticals 
 

• Balance between demonstration of quality, safety 
and efficacy, and enabling patient access

• Impact on cost and speed of development

• Interplay between health and nuclear energy 
regulators 



Considerations and 
Implications 

• Emphasis on improved patient access 
– In geographically remote areas
– To agents with clinical data obtained in other 

regions of the world
– When the benefit  outweighs the risk, based  risk 

assessment conducted by a medical doctor
• Radiopharmaceutical  could include:

– Novel compound 
– Investigational agent with some clinical data
– An analogue of a drug with marketing authorization  

• Fewer applied production process controls equates to 
smaller overall  costs 

• Production normally conducted by “above technician 
level” trained individuals  

• Often requires intimate collaboration between the 
producer and the regulator

• Less emphasis from regulators for producer to  
eventually obtain marketing authorization

What is it? 

• A regulatory mechanism 
that allows for local 
production of 
radiopharmaceuticals  
for human use based on 
the order from a medical 
doctor for a specific 
patient. 

Concept of ” In-House Production”

Dr. Marina Bicalho 
Silveira, PhD, CDTN, 
Brazil 

Dr. Anderson Montai, 
PhD, Anvisa, Brazil Professor Andrew Scott, MD, 

Austin Hospital, Australia 



Situation with “In-House Production” in the 
United States 

Nuclear 
Pharmacy 
Practice

Cannot make “copies” of 
FDA approved  drugs.

Can make ”copies” 
during shortage of FDA 
approved RP’s. 

Emphasis on FDA approval, yet treating patients with 
investigational agents may be possible on a limited 
basis under “expanded access IND”. 



What happens when there is a shortage of 
approved radiopharmaceutical?

Czernin et al J Nucl Med. 2023 Mar;64(3):343

https://www.fda.gov/drugs/drug-safety-and-availability/drug-shortages

https://www.fiercepharma.com/manufacturing/novartis-halts-pluvicto-new-
patient-starts-struggles-radiotherapy-supply-amid



” In-house production”  during shortage-
considerations 
• Compounding vs patient expanded access IND
• Registration as a state nuclear pharmacy vs submitting 

an IND 
• Access to required raw materials 
• Legal repercussions 
• Billing and reimbursement mechanisms 
• Degree of manufacturing applied controls 
• Patents
• Communication with the FDA is a good idea



MSKCC PETtrace 880 Installation



MSKCC PETtrace 880 Installation



MSKCC PETtrace 880 Installation



MSKCC PETtrace 880 Installation



MSK GE PETtrace 880 Cyclotron



Radiopharmaceutical Production Program 
Implementation 

•Understanding 
•Planning 
•Executing 



First Step- Define Operational Structure  

• Regulatory Structure 
• Purpose

– Academic vs. Commercial 
• Stage of drug development 
• Clinical indication 

– Diagnostic PET vs. Therapeutic
• Facility and equipment capabilities
• Staffing 
• Long term goals and commitments
• Risk assessment 



Plan Your Process 

• What drug quality related data is available?
– Diagnostic Radiopharmaceuticals 
– Therapeutic Pharmaceutics 

• What available technical resources  may  be 
relevant?
– USP <800> Hazardous Drugs – Handling in the 

Healthcare Setting
– USP<825> Radiopharmaceuticals – Preparation, 

Compounding, Dispensing, and Repackaging 



Facility Design Key Considerations

• Once HVAC is built out, changes become cost prohibitive
• User Requirements Specifications 

– Cleanroom specs
– Hot Cell Design
– Room Layout 
– Custom equipment 
– Safety features 



Planning – URS generation 

• Secondary Engineering Controls 
– Pressure differentials 
– Air classifications 
– Waste management 
– Ergonomics 
– Size 
– Redundancies 
– Equipment layout 



Hot Cell Equipment for Phase I/II

1. Pre-clinical 
development 

2. Chemistry 
optimization

3. Relatively smaller 
radioactivity 

4. Process flexibility



Hot Cell Equipment for Phase III and 
Beyond

• Completely automated production lines 

• Established process with limited flexibility

• Large amounts of radioactive waste 

• Increased manufacturing controls 



• Planned use 
• Synthesis 

complexity  
• User rights 
• Reliability 
• Customer support
• Disposables 

availability 

Radiopharmaceutical Synthesizer 
Considerations 



Operator Safety Considerations  



Analytical Equipment 
Considerations  

• Cost
• Planned frequency of use
• Reliability and customer support 
• Operational software  - user friendliness and regulatory compliance 
• Preventative maintenance availability
• Number of units needed



Good People – Key Factor  



Staffing Considerations 

• One of the most critical components of radiopharmaceutical 
production program 

• Designated responsibilities and common goals 
• Individualized approach and  professional growth is a must 
• Degree of staffing must be balanced against current and planned 

operational needs
• Time vs. money
• GMP compliance is very expensive

– Increased staffing and documentation are a must when the 
investigational drug is progressing through development



MSK RMIP Core Alpha Radiopharmaceutical 
Production Initiatives 

https://commons.wikimedia.org/wiki/File:Thorium_decay_chain_from_lead-212_to_lead-208.svg



212Pb Current Availability: Portable Generators 

https://www.isotopes.gov

https://commons.wikimedia.org/wiki/File:Decay_Chain_of_Thorium-232.svg



MSK RMIP Core’s Own 212Pb “Generator”

https://commons.wikimedia.org/wiki/File:Decay_Chain_of_Thorium-232.svg

• Method based on lead-trapping resins 
• Current generator capacity: ~45mCi
• Currently available to MSK non-clinical 

investigators
• FIH studies planned for second half of 

2026

David BauerTuan Tran



225Ac Radiopharmaceutical Production at MSK: 
Historical Context 

https://ascopubs.org/doi/10.1200/jco.2011.29.15_suppl.6516
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5565267/p
df/nihms895197.pdf

https://www.sciencedirect.com/science/article/abs/pii/S0969804302001677?via%3D
ihub



Return of 225Ac Clinical Production to MSK 



Facility in Final Stages of Construction 



Summary and Conclusion 

• Establishing a radiopharmaceutical production program is both 
challenging very rewarding process 

• Funding is critical
– Cost should not be the only determinant 

• Only the end user knows exactly what the end user needs 
– Planning is critical 
– End user is ultimately responsible 

• In an academic clinical investigation setting, clinical demand is 
absolutely essential.



Thank you!


