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Specialty that uses radioactively tagged, biologically relevant radiopharmaceuticals for 

imaging or treatment purposes.

What is nuclear medicine? 

Radiopharmaceuticals

Radionuclide (, + −, )

• Cyclotrons

• Generators

• Nuclear reactors

  

Biology +  Radiochemistry

• Determination of a biologically 

relevant  target and radiolabeling 

of corresponding compound 

 

  

+

Examples:

18F-fluorodeoxyglucose 
(FDG)

18F-fluorodopa(Fdopa)

Imaging: radiation detection + image 
reconstruction and quantification  
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Imaging (diagnostics and research):

 Imaging techniques (gamma detection)

•  Single Photon Emission Computerized Tomography (SPECT - single gamma 

detection)

•  Positron emission tomography (PET - detection of 2 gammas in coincidence)

 Requirements

• Low radioactivity dose

• High target specificity

Radiopharmaceuticals

Treatment (cancer)
• High radioactivity dose
• High target specificity

Imaging and treatment: theranostics 

 Pairing two radiopharmaceuticals that target the 
same cellular marker in the body: one to see the target 
(imaging)and one to destroy the target(therapy) 

Example of pairs:
Prostate cancer (PSMA): 68Ga/177Lu
     68Ga/225Ac
     64Cu/212Pb
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Imaging (diagnosis and research)

• Oncology

• Cardiology

• Neurology

• Endocrinology

• Bone scans

• Renal and gastrointestinal scans

Applications

Treatment

Cancers (Targeted alpha therapy – TAT)

Thyroid disease 

Radioisotope selection criteria
• Emission type and characteristics
• Half life 
• Easy to embed in a biologically relevant target

~20 M nuclear medicine procedure 
are performed in the United States
~10 M in Europe
~ 15-20 M in the rest of the world
~ 90% are diagnostic

(Radioisotope in Medicine, World 
Nuclear Association Oct 2026)
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Nuclear medicine procedures
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Reactor produced radionuclides 

Cyclotron produced radionuclides
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• Correct disease diagnosis 

• Identification of treatment

• Monitoring of treatment efficacy

Personalized medicine

• Appropriately designed radiopharmaceutical’s uptake and distribution can be indicative of health 

state/specific disease mechanism

• Disease can result in subtle changes in multiple processes: need optimal radiopharmaceutical, 

sensitive imaging equipment, and advanced analysis

• Accurate dosimetry is required for treatment administration 

Radiopharmaceutical design, quantitative imaging, image 
interpretation, AI 
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Towards personalized  medicine – brain illness (example 
dementia)

Jack et al., Lancet 
Neurology 2022 

en Kate et al. Alzheimer's 
Research & Therapy (2018) 

Radiology 2019; 290:456–464
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Towards personalized  medicine – brain illness (example 
dementia – one step further (multimodality))

Kale et al, Ageing research Reviews 2024
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Treatment administration and monitoring - theranostic

Imaging with 68Ga-PSMA-11 

Example  of 
emerging 
radionuclides  for 
theranostics and 
TAT

• Patient selection criteria are important 

• TAT ideal for treating micrometastases, small cell clusters, and minimal 
residual disease: short tissue penetration depth (~2 to 10 cell diameters)

• AI can optimize patient selection: multimodal integration, imaging and 
tomour segmentation, dosimetry optimization, toxicity  and risk 
stratification through predictive models 
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Towards personalized medicine -  different  imaging targets

New imaging targets/tracers
 Tumours are heterogenous

Example: Fibroglast activation protein 
inhibitor (FAPI) targets cancer 
associated fibroglasts – can be an 
independent prognostic factor in some 
cancers
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New targets/tracers: immuno-therapy related imaging ( e.g. [18F]AlF–NOTA–PCP2 PD-L1-targeted peptide-based tracer – 

shown to correlate with PD-L1 expression determined by immunohistochemistry)

Towards personalized medicine – immunotherapy 

AI can help in target 
identification and affinity 
prediction  

Multi-tracer – imaging 

FDG PET is effective for assessing tumor metabolic activity but shows limited 
ability to predict PD-L1 expression, with only 24.09% of PD-L1 variation 
explained by FDG uptake. 

This highlights the biological divergence between glycolytic activity and immune 
regulation, as PD-L1 expression is more influenced by the immune 
microenvironment. 

Combining FDG PET with immuno-PET tracers like [18F]AlF-NOTA-PCP2 could 
offer a more comprehensive understanding of tumor biology, enhancing patient 
stratification and guiding personalized immunotherapy. 

Wang Y, Liu Z, Hu M, Yu J. Can [18F]FDG-PET/CT predict PD-L1 expression in head 
and neck carcinoma? a head-to-head comparison with a novel pd-l1 PET tracer. J 
Nucl Med. 2025;66(supplement 1): 251095, Image of the year at the SNMMI

PD-L1 expression in Squamous cell carcinoma (SCC) is a key biomarker to help guide treatment with immunotherapy 11
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Towards Personalized Medicine – integrated approach

AI plays a role in every step!
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Raising commercial interest in nuclear medicine 

Radiopharmaceutical boom
Companies were eager to tap into the power 
of radiopharmaceuticals to offer more 
precise and effective treatments for cancer 
and other diseases, leading to a flurry of 
activity focused on developing innovative 
therapies

Key trends driving the market

• Focus on alpha emitters

• Expansion of production facilities 

• Advancement in theranostics 
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NEEDS and CHALLENGES
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Nuclear Medicine requires a complex ecosystem 
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1. Supply Chain Issues

•  Limited production facilities

•  Growing demand

•  Geopolitical factors

2. Safety concerns

• Complex dosimetry

• Long term effects

• Combination therapy

3. Regulatory  hurdles

4. Manufacturing scalability

• Cost

• Skilled workforce shortage

• Radiopharmaceutical transportation logistics 

5. Reimbursement and access

6. Technological advancements

Key challenges

Is there a role for SMRs in 
radionuclide production?
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Production and transportation 

PRISMAP - Production of high purity 
Isotopes by mass Separation for 
Medical Application  program 
Survey 2022+

Goal 
To explore the requirements of end users 
in nuclear medicine from industrial, 
scientific, and clinical backgrounds.

Responses received

•    48 research institutions represented by 25 universities
• 15 public laboratories and 8 others
•     40 respondents are preclinical/clinical researchers
• 16 are working in the field of radionuclide production.
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SPECT radionuclides in clinical use

 99mTc, 111In, 123I, 90Y, 131I, 177Lu, 223Ra

PET radionuclides are 

 11C, 13N, 15O, 18F 

• Increasing demand for 225Ac

• Considering increased use  of  44Sc, 47Sc, 64Cu, 67Cu,

89Zr, 149Tb, 152Tb, 155Tb, 161Tb, 165Er/169Er, 177Lu, 188Re, 211At, 225Ac.

Results
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Production is not uniformly distributed across Europe

• Transportation is a problem, so is accessibility of theranostic 
capabilities

• Fragmented and unharmonized procedure for import/export and 
clinical translation
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• Limitations in infrastructure

• Shortage of staff

• Shortage of expertise 

• Production capacity and target material supply

• Other financial or managerial issues

Possibilities to teach and train students, staff and to transfer knowledge, as

indicated by responders: a limitations, which can be addressed through more open 

communication between institutions.

Other limitations

20



21

• Infrastructure cost (example: 1 SPECT scanner may serve 33M people (compared to 57K in HIC)

• Availability of radiopharmaceuticals – global supply chains

• Staffing

• Training

• Lack of clear regulatory guidelines

Factors limiting democratization of nuclear medicine in LMIC

Hricak et al Lancet  Oncology 2021, Medical imaging and nuclear Medicine 
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Most suitable candidates for SMR production:

• 99Mo: parent isotope of 99m-Tc

• 177Lu

• ⁶⁰Co

• 131I

• 125I

• 90Y

There is need, but still in research stage

SMRs produced radionuclides could have an impact
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Conclusion 
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Nuclear medicine is increasingly more important in health management
Quantitative molecular imaging can support diagnosis, treatment selection and response monitoring.

With recent advances nuclear medicine can contribute significantly to personalized care
For example, theranostics and targeted imaging can deliver subject specific care

Access depends on the ecosystem
Reliable isotope production, transport, infrastructure and trained staff are essential.

SMRs: potential, not yet a near-term solution
Some medical isotopes are candidates for SMR production, but the approach remains at a research stage.

Nuclear medicine can expand personalized care when production, evidence and access advance together.
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