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University of Alabama at Birmingham
§ Located in Birmingham, AL
§ The UAB Cyclotron Facility and Advanced Imaging 

Facility are located in the center of the medical 
complex at the O’Neal Comprehensive Cancer 
Center.  Medical and main campus are contiguous. 
§ Walk from Chemistry to Cyclotron etc

Fun facts timeline:
§ The TR24 cyclotron was installed in April of 2013 

and facilities were completed in July of 2014.
§ The first patient dose was injected in January of 

2016. 
§ The UAB cyclotron facility now holds >15 active 

INDs



In vitro testing

PET/CT and PET/MRI in AIF
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Clinical trials with molecular imaging and therapeutics
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The Cyclotron Facility and the AIF support clinical services as well 
as  clinical and basic science research in the UAB community



Why develop new imaging agents?

• Imaging more than detection of disease:
• Oncology
• Neurology
• Cardiology

• Imaging can provide more information: 
detection, cell proliferation, amyloid burden, receptor 
status, oxygenation, microenvironment, immune cell 
infiltration…………

• Prediction of treatment response.



Expanding the Toolbox of Imaging Agents

[68Ga]DOTATATE)[18F]FDG



Status of Active Radiotracers for Human Use at UAB

*First in human 
compound

Radiopharmaceutical Use Status

[18F]FLT Proliferation IND approved 

[13N]NH3 Cardiac blood flow IND approved, ANDA submitted

[68Ga]DOTATATE SSTR status FDA approved

[18F]FMISO Hypoxia IND approved

[89Zr]Trastuzumab HER2 status (breast cancer) IND approved

[18F]FET Amino acid transport IND approved

[11C]PiB Amyloid IND approved

[18F]DPA-714 TSPO (neuroinflammation) IND approved

[68Ga]PSMA-11 PSMA status (prostate cancer) IND approved

[89Zr]Panitumumab EGFR status (colon cancer) IND approved

[18F]AV1451 Tau protein IND approved

[68Ga]GZP* Granzyme B (Immune Activation) IND approved

[11C]Acetate Cardiac Metabolism IND approved

[89Zr]Oxine/White Blood Cells* WBC tracking IND approved

[18F]MeFAMP* Cancer metabolism Chemistry initiated

[15O]H2O Blood flow Chemistry initiated

[11C]UCB-J Synaptic Vesicle Glycoprotein 2A (SV2A) Chemistry initiated



Whole body PET tracers in use at UAB for 
oncology



Theranostics and radionuclide therapy for cancer

DOTATATE

68Ga

[68Ga]DOTATATE for imaging (NETSPOT)

177Lu

[177Lu]DOTATATE for therapy (Lutathera)

[68Ga]DOTATATE [177Lu]DOTATATE

• Some radiopharmaceuticals can be
labeled for imaging and for therapy:
theranostic approach

• Radionuclide therapies can succeed
after other therapies fail.

• Imaging often guides therapy by
demonstrating the entire tumor burden
expresses the therapeutic target

linker Pharmacophore



[68Ga]DOTATATE imaging for disease progression 
and response to [177Lu]DOTATATE 



PSMA imaging with [68Ga]PSMA-11

[68Ga]PSMA-11 for initial staging of prostate cancer



Isotope Half-Life Target Material Status

43,47Sc 3.9 h Nat/EnrTi Chemistry development
45Ti 3.1 h NatSc Chemistry development
48V 16 d NatTi Chemistry development
52Mn 5.6 d Nat/52Cr Routine production for preclinical 

use
55Co 17.5 h 58Ni Routine production for preclinical 

use
64Cu 12.7 h 64Ni Routine production for preclinical 

and human use
89Zr 3.27 d 89Y Routine production for preclinical 

and human use

Expanding the tookbox: 
Radioisotopes (beyond 18F, 11C, 13N, 15O, 68Ga)



UAB Cyclotron Facility : A Nationwide Resource

Multi-state pharmacist, 
pharmacy and manufacturing 
licenses to allow dispensing 
and distribution of 
radiopharmaceuticals into 
adjoining states.

DOT certified shipping 
containers and internal 
training to distribute 89Zr and 
other isotopes to other 
research facilities throughout 
the country and 
internationally.



Diagnostic Imaging Radiotherapy
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Matched Pair Radionuclides: 43Sc and 47Sc

• Disease diagnosis, dosimetry evaluation, therapy, and assessment of 
response with identical pharmacokinetic profiles

• Potential production and separation using the same cyclotron, targets and 
separation chemistry



National Nuclear Data Center. Chart of the Nuclides. http://www.nndc.bnl.gov/chart/ (accessed 08/06/2018)

48Ti(p,2p)50Ti(p,α)46Ti(p,α) 47Ti(p,α)

Nuclear Reactions on Titanium 



Targetry – natural and enriched Ti
• Irradiation: 24.0 MeV protons
• Ti foils or pressed TiO2 power 

Beam strike (oxidation)

Stainless steel 
retainer

Niobium coin



43Sc and 47Sc targets and chemistry

Separation

Loveless et al JNM 2020



Prostate Specific Membrane Antigen (PSMA)
Expression of prostate-specific membrane antigen (PSMA), a transmembrane 
protein is increased in prostate cancer.  

Maurer et al Nature Reviews Urology 13, 226–235 (2016)



Preclinical Evaluation of [43,47Sc]Sc-PSMA-617 



Zirconium-89

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

• Scouting in preparation for antibody therapy, confirming tumor 
targeting, and estimating dosimetry  

• Generally inert to biological systems
• Decay properties

• EC = 76.6%
• b+ = 22.3%
• Rave.(b+)= 1.18 mm

Queern et al Nuc Med Bio 2017



Ongoing work related to 89Zr
• Routine production via sputtered targets
• Internal use and shipping to external 

sites – nationally and internationally 
• Preclinical radiochemistry – mAbs, 

nanoparticle  and cell labeling
• Small animal imaging studies 
• Preparation of GMP 89Zr 

radiopharmaceuticals
• Early phase clinical trials:
• [89Zr]Trastuzumab
• [89Zr]Panitumumab
Wooten et al Appl. Sci 2013
Queern et al Nuc Med Bio 2017
Ikotun et al Plos ONE 2013
Zheleznyak et al Mol. Imaging 
2013
Marquez et al Mol. Pharm 2014
Wright et al J. Nuc Med. 2016
Lange et al Oncotarget 2016 

Laforest et al Mol Imaging Bio 2016
Marquez-Nostra et al Oncotarget 2017
Dehdashti et al  Breast Canc. Res Treat. 2018
Massicano et al Can Biother and Radiopharm
2019
Benedetto et al Can Biother and Radiopharm
2019
Massicano et al J. Lab. Comp. and Rad. 2020
Tekin et al Nuc Med Bio 2021



Summary
• Radioisotopes continue to play an important role in medicine and 

other areas of science.

• A wide variety of half-lives, imaging characteristics and chemistries 
leads to a unique toolbox for the development of new nuclear 
medicine imaging and therapeutic agents.

• Development and increased use of these agents will require 
collaborations between chemists, biologists, physicists, physicians and 
technologists.

• We welcome new collaborations and visitors to our center (when 
possible).
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