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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.
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Why develop new imaging agents?

« Imaging more than detection of disease:
e Oncology
* Neurology
e 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
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Status of Active Radiotracers for Human Use at UAB

Radiopharmaceutical
[18F]FLT

[3N]INH3
[68Ga]DOTATATE
[18F]FMISO
[89Zr]Trastuzumab
[18F]FET

[11c]PiB

[18F]DPA-714
[68Ga]PSMA-11
[8°Zr]Panitumumab
[18F]AV1451
[68Ga]GZP*
[11C]Acetate
[8°Zr]Oxine/White Blood Cells*
[18F]MeFAMP*
[°0]H,0

[11C]UCB-J

Use

Proliferation

Cardiac blood flow

SSTR status

Hypoxia

HER2 status (breast cancer)
Amino acid transport

Amyloid

TSPO (neuroinflammation)
PSMA status (prostate cancer)
EGFR status (colon cancer)
Tau protein

Granzyme B (Immune Activation)
Cardiac Metabolism

WBC tracking

Cancer metabolism

Blood flow

Synaptic Vesicle Glycoprotein 2A (SV2A)

Status

IND approved

IND approved, ANDA submitted

FDA approved
IND approved
IND approved
IND approved
IND approved
IND approved
IND approved
IND approved
IND approved
IND approved
IND approved
IND approved
Chemistry initiated

Chemistry initiated

Chemistry initiated

*First in human
compound



Whole body PET tracers in use at UAB for
oncology
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Bone turnover Glucose metabolism Somatostatin receptors Amino acid transport HER2 as a target for
in skeletal metastases in many cancers in neuroendocrine cancers in prostate cancer therapy in breast cancer
['8F]fluoride ['FIFDG [(8Ga]DOTATATE ['8F]fluciclovine [89Zr]trastuzumab




Theranostics and radionuclide therapy for cancer

@ Pharmacophore

« Some radiopharmaceuticals can be [BERNOIAMAE ESomilagiagy NETSROT)
A

labeled for imaging and for therapy:
theranostic approach

Hozcﬂ /_\ /—H— f D-Phe — Cys — Tyr — D-Trp

[WGH j Thr — Cys — Thr — Lys
HOQCJ \ LCozH

DOTATATE

» Radionuclide therapies can succeed
after other therapies fail.

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

[68Ga]DOTATATE ['""Lu]DOTATATE



[°84Ga]DOTATATE imaging for disease progression
and response to ['7/LulDOTATATE

6 months after
completing therapy

5 months later




PSMA imaging with [3Ga]PSMA-11

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

[ orucs & arcers |

Pylarify receives FDA approval as first and only
commercially available PSMA PET imaging agent for
prostate cancer

labeled prostate-specific membrane antigen targeted positron emission
ntto identify suspected metasta ecurrence of pro

approve ent for prostate cancer. The
nediately available in parts of the mid-Atlantic and s and availability is expect
ilabilit ) pated by year end.

mportant to op

ed by a rise in serum prostate-specific antigen (PSA) levels; however, conventional
(els, s not able to identify the location and extent of the in the majority of

Pylarify aprotein that s overexpressed on the surface of more than 90% of primary
and metast M rify binds to the target, enabling the reader of the PET scan to detect and

yand high image resolution, and F18's 110-minute half-life
allows for wide geographic distribution



Expanding the tookbox:
Radioisotopes (beyond '8F, 11C, 13N, 150, ¢8Ga)

Isotope

Half-Life

Target Material

Status

4347Sc 3.9h Nat/Enrj Chemistry development

45Ti 3.1h Natge Chemistry development

48y 16 d NatTj Chemistry development

52Mn 5.6d Nat/52Cy Routine production for preclinical
use

55Co 17.5h S8Ni Routine production for preclinical
use

4~ 149 =7 L »
and human use
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and human use



UAB Cyclotron Facility : A Nationwide Resource

Multi-state pharmacist,
pharmacy and manufacturing
licenses to allow dispensing

and distribution of X | S O.
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containers and internal e
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training to distribute 89Zr and
other isotopes to other
research facilities throughout
the country and
internationally.
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Matched Pair Radionuclides: 43Sc and 4/Sc

Diagnostic Imaging Radiotherapy

Beta and
Theranostic
, matched-pair
Coincidence
Processing @ @

Radiopharmaceutical
Image
R tructi
econsiraction Chelator Vector
PSMA molecule

® 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

L. Schrevens et. al. The Role of PET Scan in Diagnosis, Staging, and Management of Non-Small Cell Lung Cancer. The Oncologist, 2004, vol. 9, no. 6, pgs 633-643
Langner, Jens.. MCS Thesis, University of Applied Sciences, Dresden, DE 2003
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Nuclear Reactions on Titanium
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Targetry — natural and enriched Ti

* Irradiation: 24.0 MeV protons
 Ti foils or pressed TiO, power
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43Sc and #’Sc targets and chemistry

Titanium

_ 48Ti(p,0)*3Sc - - -
et |- I Production & Digestion
) 5o-|-|(p a)¥'Sc

(17-24MeV) <2 hours

/' '\
Tantalum Aluminum

Retaining ring  Thin foil CoSm magnet

[Zﬁ‘_ []
m 48TjPellet

48T: - - _—
Titanium  Viton Titanium  Viton Tatarget TiPellet Fusion: Digestion:

oxide  o-ring oxide  o-ring (120 mg) (20 uA, 4h) (119.4 mq) (NH,),S,0g+ 48Ti F,HsN+HCI

Scin0.25M
ammonium acetate

Vacuum i
Evaporation (PH4)

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.

J591 antibodies

Active centre
PSMA-inhibitors

n=3 — PBS
50 uM PSMA-617
300 MBg/umol — Human Serum

Incubated: 37 °C — Mouse Serum
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Nature Reviews | Urology

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



Preclinical Evaluation of [4347Sc]Sc-PSMA-617

43,44,475c-PSMA-617 Specific Uptake Internalization
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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%
o Bt =22.3%
* Ryve(f)=1.18 mm

Queern et al Nuc Med Bio 201



H-bonded multilayers e
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Ongoing work related to 89Zr 198 |

* 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

Wit t al Aool. Sci 2013 Laforest et al Mol Imaging Bio 2016
Ql?:ef: :t :I NSEI\./IeZI Bio 2017 Marquez-Nostra et al Oncotarget 2017
lkotun et al Plos ONE 2013 Dehdashti et al Breast Canc. Res Treat. 2018

Zheleznyak et al Mol. Imaging Massicano et al Can Biother and Radiopharm

2013 2019
Marquez et al Mol. Pharm 2014

¥

Wright et al J. Nuc Med. 2016 2019 [8%Zr]trastuzumab ['8FIFDG

s
4

Benedetto et al Can Biother and Radiopharm

Lange et al Oncotarget 2016 z
Massicano et al J. Lab. Comp. and Rad. 2020
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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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