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Small-molecule Targeting of PSMA for Life

Martin Pomper Johns Hopkins University
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The Role of Nuclear Medicine in the World of Modern Healthcare
Dec. 1, 4:30-5:20 PM

NUCLEAR
REACITIONS

1942: A Historic 8reakthrough,
an Uncertain Future

Sanjiv Sam Gambhir Martin Pomper
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MEDICAL EDUCATION
IN THE
UNITED STATES AND CANADA

A REPORT TO
THE CARNEGIE FOUNDATION
FOR THE ADVANCEMENT OF TEACHING
BY
ABRAHAM FLEXNER

WITH AN INTRODUCTION BY
HENRY 8. PRITCHETT

PRESIDENT OF THE FOUNDATION
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CANCER ETIOLOGY

RESEARCH ARTICLE T ] isk dnong

CANCER [led by the

Detection of Circulating Tumor DNA in livisions

Early- and Late-Stage Human Malignancies | |
. - - o lat only a third of the variation

Chetan Bettegowda, '“* Mark Sausen, *' Rebecca J. Leary, ** Isaac Kinde, '*

Yuxuan Wang,' Nishant Agrawal,’? Bjarne R. Bartlett,”* Hao Wang," Brandon Luber,’ actors or inherited

Rhoda M. Alani,* Emmanuel S. Antonarakis,’ Nilofer S. Azad,’ Alberto Bardelli,*’ om mutations arising during
Henry Brem,” John L. Cameron,” Clarence C. Lee,® Leslie A. Fecher,”'® Gary L. Gallia,>  portant not only for
Peter Gibbs,""'” Dung Le,"* Robert L. Giuntoli,” Michael Goggins,” Michael D. Hogarty,"* [5imantal factors or inherited F

= predispositions. The majority is due to “bad luck” that is, random mutations arising during
DNA replication in normal, noncancerous stem cells. This is important not only for

CE”S need ed 50 X 6]_0 understanding the disease but also for designing strategies to limit the mortality it causes.
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PROPOSED CHEMICAL APPROACHES TO THE IN VIVO DIAGNOSIS
AND TREATMENT OF ALZHEIMER'S DEMENTIA

Reported by Marty Pomper April 20, 1987

Clinically, Alzheimer's dementia (AD) presents as a progressive and

inexorable loss of memory and cognitive function in elderly individuals.1

Very recently, tremendous advances have been made toward understanding AD

2
at the molecular and genetic levels.“ Irrespective of these advances, the

J[ ILLINOIS

URBANA-CHAMPAIGN
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J. Med Chem. 1996, 39, 619—622 619

Design, Synthesis, and Biological Activity of a Potent Inhibitor of the
Neuropeptidase N-Acetylated o-Linked Acidic Dipeptidase

Paul F. Jackson,*78 Derek C. Cole,” Barbara S. Slusher.,*§ Susan L. Stetz,* Laurie E. Ross.*
Bruce A. Donzanti,’ and Diane Amy Trainor’

Departments of Medicinal Chemistry and Pharmacology, ZENECA Pharmaceuticals, Wilmington, Delaware 19897

Received October 17, 1995°

CO.H Table 1. In Vitro Activity of NAALADAse Inhibitors
\i Jf‘ \j\ CQO.H compd /&-{a&ﬁ\
= H 2 = 4 Tttt
~COH SCOH HaN~ “COH 7 1.89 +£0.19

INTERNATIONAL SOCIETY FOR STRATEGIC STUDIES IN RADIOLOGY



@9 IS3R 2023 | Berlin/Germany | August 24-26, 2023 NAA LA D ase P S MA

Proc. Natl. Acad. Sci. USA
Vol. 93, pp. 749-753, January 1996
Neurobiology

Prostate-specific membrane antigen is a hydrolase with substrate
and pharmacologic characteristics of a neuropeptidase

(cancer/excitatory neurotransmission/N-acetylaspartylglutamate /N-acetylated a-linked acidic dipeptidase/glutamate)

RUTH E. CARTER*T¥, ALEXIS R. FELDMAN*, AND JOSEPH T. COYLE*1$

*Department of Psychiatry, Massachusetts General Hospital-East, Charlestown, MA 02129; TThe Consolidated Department of Psychiatry, Harvard Medical
School, Boston, MA 02115; and *Graduate Program in Pharmacology and Molecular Sciences, Johns Hopkins University School of Medicine,
Baltimore, MD 21205

Communicated by Seymour S. Kety, Department of Health and Human Services, Bethesda, MD, October 20, 1995 (received for review
June 18, 1995)
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Pubmed.gau [PubMed ] |

US Mational Library of Medicine
Mational Institutes of Health Advanced

Format: Abstract - Send to

Anticancer Res. 1987 Sep-Oct; 7{5B):927-35.

Monoclonal antibodies to a new antigenic marker in epithelial prostatic cells and serum of
prostatic cancer patients.

Horoszewicz JS', Kawinski E, Murphy GP.

= Author information
1 State University of New York, Buffalo, Department of Urology 14214,

Abstract
Stable clones of murine hybridomas 7E11-C5 and 9H10-A4 were obtained following immunization with LNCaP cells. The LNCaF cells were
isolated from a human prostatic cancer (Ca). Both hybridomas secreted monoclonal antibodies (MoAb) of the 10G1 subclass which were
reactive with the insoluble, cytoplasmic, membrane rich fractions of the immunogen. Neither MoAb reacted with the soluble cytosaol of
LNCaP cells nor with purified human prostatic acid phosphatase (PAP) nor prostate specific antigen (PSA). MoAb 9H10-A4 reactivity was
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Vol. 3, 81-85, January 1997

Clinical Cancer Research

» Prostate-specific Membrane Antigen Expression in Normal and :

ﬁ Malignant Human Tissues’

Ei
.. David A. Silver, Inmaculada Pellicer,

¢, William R. Fair, Warren D. W. Heston, and

Carlos Cordon-Cardo?

i Urology Service, Department of Surgery [D. A., W.R. F.,
. W.D. W. H.] and Division of Molecular Pathology, Department of

Pathology [I. P., C. C. C.], Memonal Sloan-Kettering Cancer Center,

New York. New York 10021
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tion. The neoexpression of PSMA in endothelial cells of |
capillary beds in certain tumors may be related to tumor
angiogenesis and suggests a potential mechanism for specific |
targeting of tumor neovasculature.

INTRODUCTION
PSMA? is a M_ 100,000 type II membrane protein consist-
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4 days posinjection
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NAAG PEPTIDASE INHIBITORS AND
THEIR POTENTIAL FOR DIAGNOSIS

AND THERAPY Nat Rev Drug Di005

Jia Zhou*, Joseph H. Neale', Martin G. Pomper® and Alan P. Kozikowski™!
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Alan Kozikowski, Ph.D.

J Med Cherg001
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Analogs
labeled with radionuclides amenable to SPECT, such as
iodine-123; are currently being pursued, the precursors
of which may also be modified to be used for therapy

(with iodine-125/131).
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1 Imaging, Diagnosis, Prognosis ClinCancer Re2005 r
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J. Med. Chem. 2008, 57, 7933-7943 7933
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Catl Cy Radiohalogenated Prostate-Specific Membrane Antigen (PSMA)-Based Ureas as Imaging Agents

Rafé Roni for Prostate Cancer
~ Jurg
Alan Ying Chen.” Catherine A. Fo
= Mark Castanares,” Shawn E.

Russell H. Morgan Department of
Johns Hopkins Medical Institution

Published OnlineFirst October 31, 2011; DOI:10.1158/1078-0432.CCR-11-1357

Clinical
Cancer
Research

Imaging, Diagnosis, Prognosis

2-(3-{1-Carboxy-5-[(6-['®F]Fluoro-Pyridine-3-Carbonyl)-
Amino]-Pentyl}-Ureido)-Pentanedioic Acid, ['°FIDCFPyL,
a PSMA-Based PET Imaging Agent for Prostate Cancer

Ying Chen', Mrudula Pullambhatla’, Catherine A. Foss', Youngjoo Byun'?, Sridhar Nimmagadda',
Srinivasan Senthamizhchelvan', George Sgouros’, Ronnie C. Mease', and Martin G. Pomper '
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4504 J. Med. Chem. 2008, 51, 4504—4517

Synthesis and Evaluation of Technetium-99m- and Rhenium-Labeled Inhibitors of the
Prostate-Specific Membrane Antigen (PSMA)

Sangeeta R. Bdneliee " Catherine A. Foss,” Mark Castanares,* Ronme C. Mease.” Youngjoo Byun,” James J. Fox," John Hilton,"
Shawn E. Lupold,’ Alan P. Kozikowski." and Martin G. Pomper*:"*

Russell H. Morgan Department of Radiology and Radiological Sciences, Department of Pharmacology & Molecular Sciences, Department of
Urology, Johns Hopkins Medical Institutions, Baltimore, Maryland 21231, and Department of Medicinal Chemistry and Pharmacognosy,
University of Illinois at Chicago, Illinois 60612
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Detecting Prostate Cancer with

Martin G. Pomper

The Russell H. Morgan Department of
Radiology and Radiological Science

22" Annual Prostate Cancer Foundation
Scientific Retreat : JOHNS HOPKINS

Washington, DC
October 10, 2015
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50 million cells

Michael Gorin, M.C

Phuoc Tran, M.D., Ph.D.
Steven Rowe, M.D., Ph.D.
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I
208 underwent

18F_DCFPyL-PET/CT
|

|
76 patients with no SOT
submitted*

|
132 patients with lesion
follow-up by SOT

e 31 with pathology

Published OnlineFirst February 23, 2021; DOI: 10.1158/1078-0432.CCR-20-4573

CLINICAL CANCER RESEARCH | PRECISION MEDICINE AND IMAGING

Diagnostic Performance of '®F-DCFPyL-PET/CT in Men

with Biochemically Recurrent Prostate Cancer: Results _
] correlative imaging

from the CONDOR Phase Ill, Multicenter Study oe

Michael J. Morris', Steven P. Rowe?, Michael A. Gorin®, Lawrence Saperstein®, Frédéric Pouliot®, 1 with PSA

David Josephson®, Jeffrey Y.C.Wong’, Austin R. Pantel®, Steve Y. Cho®, Kenneth L. Gage'®, Morand Piert", —

Andrei lagaru™, Janet H. Pollard™, Vivien Wong'?, Jessica Jensen', Tess Lin'®, Nancy Stambler™,
Peter R. Carroll', Barry A. Siegel'®, and CONDOR Study Group
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Piflufolastat F 18 Injection

When assessing patients with suspected prostate cancer metastasis who are candidates for
initial definitive therapy or suspected recurrence based on elevated PSA,

VEALS | THE CLEARER PICTURE.:*"

I

I!/’.'l

Piflufolastat F 18 Injection (PYLARIFY®) ~———

—~—
NCCN category 21 \ -
RECOMMENDED" ™

LEARN MORE )

Not actual patients.

NCCN=National Comprehensive Cancer Network.

Referenced with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Prostate Cancer
V.1.2022. © National Comprehensive Cancer Network, Inc. 2021. All rights reserved. Accessed September 20, 2021. To view
the most recent and complete version of the quideline, go online to NCCN.org. NCCN makes no warranties of any kind
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wPresurgical staging In highsk patients

wDetection of disease In early biochemical recurrence
wGuide focal therapy in oligometastatic disease
wGuide focal therapy In widespread metastatic disease
wSelection of patients for radiopharmaceutical therapy
wTherapeutic monitoring

w Selection of candidates for active surveillance
w Applications outside of prostate cancer

INTERNATIONAL SOCIETY FOR STRATEGIC STUDIES IN RADIOLOGY



@ I53R2023|BerIin/Germany|August24—26, 2023 Pyl_-aVId IeSIOnS)n BAT means early progreSSI

Bipolar
Patient #1 #2 #3 #4 #5 #6 An d ro g en

i o I o B @& /b @ b % | Therapy

PSMA PSIVA

#1 #2
Baseline u
;‘, ¢ L c Patient #1 P——. | .—
Al e ) 3
- 4 s
w | Patient #2 [
2
a
S8 CT/Bone Scan Result
Patient #3 _~.~—
o yd ) . Objective Response
LW LR
. > Patient #4 L i .
E Stable Disease/No Progression
f:
& 1 Patient#5 [ 1] ® 3o [
- or Progressive Disease
Follow-Up @ .
o
o 4 g
-y P Patient #6 [ 1] ®
- Y
L 4
L]
0 2 4 6 8 10 12

Months on BAT

INTERNATIONAL SOCIETY FOR STRATEGIC STUDIES IN RADIOLOGY MarkowskiJNuclIMed 2021



@ IS3R 2023 | Berlin/Germany | August 24-26, 2023 U re aStarg et| n g P S MA m u Itl m Od al

H 038\1

- H H o)
/N PN /DJ/\/\ /NW“T/NT[/\' ,\/_,\/J\NH
7\ A— \ L o] COOHO __OH
—/ @/0 -
S0y o]

HOS  os—

NCT05946603 X4 g

EurUrol Oncolin press

- v
S
4 "x. ?

. Excised S
‘?rostate |
—

R
o 048

Clgs

N

R- 3

o o o &

N N
H LN
n
7

SOgH

© SOgH %bgeh( [
g 9 ° "o
Z C ’ o
= ‘/ N AN
o — S0,
{=glucose o -
Ho—m 00 O
S H HO— —

O3l
IRDye800CW

PSMA-targeted PA agents Molecular PA/Ultrasound Images in vivo

Optical dye Linker PSMA-binding Ligand
Ultrasound J ot
i iH H O: X VA .
L HIY SN V\/J\;NH i Jstnor regiol"@

iR% =
P 7 s
' 0" oH® O+-OH:  PA Decomposed

R = IRDye800CW HO

INTERNATIONAL SOCIETY FOR STRATEGIC STUDIES IN RADIOLOGY

po
i NJLN g OH
ol o Superposed
Ultrasound + PA
— OMM il

a Dextran magnetic labeling b — _

M@ Psma

AR RaAnY T
LU0 oo i t

Tumor cells

C Saturation pulse Saluralion pulse

ChenBBR@009,Biomolecule2022
BanerjeeAngewChem2011

LiuNat Biomed Eng017
ZhangBiophotonic018
LesniakNanoscale021

Wu Photoacoustic2022



]
1 e

E HR 0:19 (95% CI 0-070 - 0-54); p=0-0002
'S Shi JAMA Oncol 2020 Boinapally Sci Rep 2021
S 100
@ N =19
8 LA 1L LA L L_1
""T- SABR based on DCFPyL PET
L
7 .
% 50
E ! | IN ) 16 | |
= SABR based on ClI
S i
2 0 . :
3 | T T | SrikanthBoinapally
0 6 12 18 24 Ph.D.
Time from randomization (months)

Table 1 - Overview of different PSMA-RADS scores (version 2.0)

PSMA-RADS 1 Benign lesion characterized by biopsy or pathognomo
(benign) and 2)
PSMA-RADS 2 Equivocal (focal, but low level such as blood pool) uptak
(lilkely benign) nodes); equivocal uptake in bone lesion atypical of PC in
degenerative or another benign etiology; Fig. 3)
Upon follow-up, stable lesions without treatment are lik
PSMA-RADS 3
(equivocal) WernerEurUrol 2023
PSMA-RADS 3A Equivocal uptake in soft-tissue site typical of PC involv
Steven Rowe, may help confirm diagnosis. Alternatively, follow-up im
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(57) s e 1026202 The future of drugs to treat prostate cancer

@ Hormonal ADT
@ AR-directed therapies
@ Cytotoxic agents

0.1
US$11.2 0.2 US$30.1 O Bone metastases-

billion billion targeted agents
O Therapeutic vaccines

@ PARP inhibitors
@ Kinase inhibitors

@ PSMA-targeted
radioligands
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Need discovery to
understand
fundamentals of
disease for optimal
care.

INTERNATIONAL SOCIETY FOR STRATEGIC STU



