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Overview

• Background  / General Introduction

• Recurrent prostate cancer

• Primary staging and detection

• PSMA-ligand therapy
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Definition: Theranostik (Therapie + Diagnostik)

Bildgebende

Diagnostik

+

+

Gleiches Trägermolekül für

diagnostische (z.B. PET/CT) und 

therapeutische (Radioliganden-Tx) 

Zwecke

Diagnostik ermöglicht Vorselektion

“target-positiver” Patienten

Systemische

Strahlentherapie



Radiologie (CT/MRT)

Detektion und Erfassung 

struktureller Veränderungen

Nuklearmedizin (Gammakamera/SPECT/PET)

Detektion und Erfassung 

funktioneller und metabolischer 

Prozesse 

Signal/Hintergrund

Grundlagen: Radiologie vs. Nuklearmedizin
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Fusionierung Struktur + Funktion = Hybridbildgebung



Gamma-Strahler

z.B. 99mTc, 81mKr

Positronen-Strahler

z.B. 18F, 68Ga

ZielstrukturRadionuklid Pharmakon

Linker

Grundlagen: Radiopharmakon

Besteht aus zwei Komponenten

▪ Radioaktives Isotop (Radionuklid)

▪ Shuttle-Molekül (Pharmakon)



Besteht aus zwei Komponenten

PSMA

Diagnostik
68Ga

Therapie
90Y, 177Lu, 213Bi, 225Ac 

Positronen-Strahler

Beta-/Alpha-Strahler

SSR2

Nuclear Medicine: Theranostics (Dx+Tx)
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Background + Biology

• Prostate-specific membran antigen

• [syn. Glutamate carboxyeptidase II (GCP-II)]

• Cell surface protein with overexpression in 

prostate cancer (750 AS, 84 kDa)

• PSMA expression increases progressively in:

− Higher graded tumors

− Under androgen deprivation

− Metastastic disease

− Hormone-refractory prostate cancer

− Also in tumor neovasculature

Kozikowski AP et al., J Med Chem 2004 A. Kozikowski M. Pomper



Biology + PSMA-Expression

Courtesy of Dr. Neil Bander New York-Presbyterian Hospital

# Cases 

Studied

% Cases 

Reported to be 

PSMA Positive
Reference

251 94% Wright et al

184 100% Bostwick et al

51 84% Mannweiler, et al

42 88% Kusumi, et al

21 100% Ananias, et al

905 99.9% Loda, et al

BPH

PCa

Gleason 3 Gleason 4 Gleason 5



Biology + PSMA-Expression

Gleason 3 Gleason 4 Gleason 5

Körber et al., JNM 2017, in print and Uprimy et al, EJNMMI 2017



PSMA-Expression + Histopathology

Sprute et al., JNM 2021



PSMA-ligands in PET imaging
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Benesova et al., 
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18F-DCFBC68Ga-PSMA-11 

(PSMA HBED-CC)

18F-DCFPyL 18F-PSMA1007 68Ga-PSMA-I&T 68Ga-PSMA-617

Cho S et al.

JNM 2012

Afshar-Oromieh A al.

EJNMMI 2013

Weineisen M et al.

JNM 2015
Szabo Z et al.

Mol Im Biol 2015

Giesel et al.

EJNMMI 2016

Afshar-Oromieh A al.

EJNMMI 2015

68Ga-PSMA ligands
18F-PSMA ligands

PSMA-ligands in PET imaging



18F-DCFBC68Ga-PSMA-11 

(PSMA HBED-CC)

18F-DCFPyL 18F-PSMA1007 68Ga-PSMA-I&T 68Ga-PSMA-617

Cho S et al.

JNM 2012

Afshar-Oromieh A al.

EJNMMI 2013

Weineisen M et al.

JNM 2015
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Mol Im Biol 2015
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EJNMMI 2016
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68Ga-PSMA ligands
18F-PSMA ligands

PSMA-ligands in PET imaging
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PSMA-Ligands + drug approval

Therapy

177Lu-PSMA-617 /Pluvicto®

(Pylarify®)

06/2021 12/2021

03/2022
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Recurrent prostate cancer (Detection efficacy)

Afshar-Oromieh et al. EJNMMI 2015 / 2017

diagnostic window



Recurrent prostate cancer

Impact Patient Management

Sterzing et al. EJNMMI 2015 / 2017

• conventional staging was T3N0M0, 
68Ga-PSMA PET revealed inguinal 

and iliac metastases

• IMRT Plan was modified according 

to these findings with groins and 

simultaneous integrated boost (SIB) 

T3N0M0 T3N1M0 



Recurrent prostate cancer

Impact Patient Management in RadioOncology

Sterzing et al, EJNMMI 2016



Recurrent prostate cancer

Impact Patient Management in RadioOncology

Körber et al., JNM 2018; n=212



Recurrent prostate cancer (Leitlinien): BCR
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Primary staging and detection
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Primary staging and detection

T-Staging using mpMRI and PSMA-PET
68y/o pat, prior neg Bx, continious PSA-increase 10.1 ng/ml

PIRDAS 5
 Gleason 7b (4+3) at targeted biopsy



Local recurrence

Maurer T et al, Nat Rev Uro 2016

Local recurrence

74y/o patient, s/p. RPE 2004 pT2a 

pN0 Gleason 7, s/p salvage RTx

2010, PSA-value 05/15: 1.76 ng/ml

salvage operation: 

soft-tissue including seminal vesicle

with a cribriforme, poorly differentiated

adenocarcinoma of the prostate

(Gleason 7)



Local Recurrence

Mamlins E., Giesel F.L., Schimmöller L. / MS in preparation

71 y.o.
PSAnadir: 0,04
GSC 7 b, RPE 09/2013
Monate nach RPE: 111
Z.n. Radiatio



Local Recurrence

E. Mamlins, F. Giesel, G. Antoch, L. Schimmöller / MS in preparation

71 y.o.
PSAnadir: 0,04
GSC 7 b, RPE 09/2013
Monate nach RPE: 111
Z.n. Radiatio



Local recurrent

Multiparametric Magnetic Resonance Imaging 
Examination of a 48-Year-old Patient 6 Months 
After Radical Prostatectomy 

Gleason Score 7, Stage pT2cN0M0

PSA elevated: 0.3 ng/mL.



Primary Staging
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PSMA-ligand therapy

imaging therapy



PSMA-ligand therapy

imaging therapy



PSMA-Phenotyping

PSMA-ligand therapy



PSMA-ligand therapy



SNMMI 

Image-of-the-year 

2018: 
PSMA-Theranostik

des fortgeschrittenen

metastasierten

Prostatakarzinoms

PSMA-ligand therapy 
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PSMA-Liganden Therapie



6/2015

PSA = 294 ng/ml

9/2015

PSA = 419 ng/ml

2 x
177Lu-PSMA

Kratochwil C et al.; JNM 2018

PSMA-ligand therapy (225Ac-PSMA) 



6/2015

PSA = 294 ng/ml

9/2015

PSA = 419 ng/ml

2/2016

PSA = 3.5 ng/ml

4/2016

PSA < 0.1 ng/ml

2 x
225Ac-PSMA

2 x
177Lu-PSMA

1 x
225Ac-PSMA

Kratochwil C et al.; JNM 2018

PSMA-ligand therapy (225Ac-PSMA) 
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• Recurrent PCa: ‚unmet clinical need‘ 

− Substantial improvements in detection rate by PSMA-ligand PET

− Treatment decisions (esp. low PSA-values, change of management)

− Detection of local recurrence after brachytherapy challenging

− DCFPyL (Pylarify® [06/2021]) and PSMA-11 (Illuccix® [12/2022]) FDA approved

• Primary PCa / early detection

− Potential for „image guided“-biopsy (preferably using PET/MR)

− now anchored in the guidelines, especially by high risk PCa

• PSMA-ligand therapy

− Last line therapy / FDA approval (Pluvicto®[03/2022]) 

− Phase-II trials are ongoing (2nd / 3nd PSMA-ligand therapies)
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65

▪ changed structure 

▪ increased collagen-I secretion 

▪ support for the growth and 

metastasis of carcinomas

Normal Fibroblast Caner associated fibroblast (CAF)

▪ connective tissue

▪ Support function by    

production of collagen

▪ wound healing

Cancer and Microenvironment



• tumor must have a 

certain size

• only then cancer-

associated fibroblast are

produced

• ~ 3 mm cell cluster

Juillerat-Jeanneret et al.; Expert Opinion on Therapeutic Targets 2017

Cancer and Microenvironment
Cancer Associated Fibroblast (CAF)



Cancer and Microenvironment
Cancer Associated Fibroblast (CAF)



FAPI- vs. FDG-PET

Head-to-Head comparison to FDG

Mori et al., Radiology 2023



Tumor: NSCLC (Adeno-Ca)

History Tx:  Carboplatin/Pemetrexed/Pembrolizumab, 

Docetaxel/Pembrolizumab, FAPI/Pembrolizumab

90Y-FAPI-46 (Case HD)

7,4 GBq 90Y-FAPI-46 7,4 GBq 90Y-FAPI-46

FAP Theranostics: FAPI-46



FAP Theranostics: 3BP-3940 FAP

Courtesy: R. Baum



Molecular Targets / many-to-come

DOTATOC, PSMA, CXCR4, FAPI, LAT1…



Vielen Dank für Ihre Aufmerksamkeit


