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Simple brilliant idea:
For this idea you need a radioactive indicator…

1923 Distribution of radioactive lead (ThB = 212Pb) in horse-bean, 
Hevesy G. Biochem J. 1923, 17, 439-445.

„By making use of radioactive 
indicators we can label atoms (ions), 
molecules and even larger units…; 
subsequently, their path and fate in 
the living organism can be followed.“

Georg Karl von Hevesy
(György Hevesy)
August 1st  1885 – July 5th 1966 

Nobel Prize Chemistry 1943
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Modern (Radio)Tracer Principle / Radioindicator Principle
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Biological Target

Molecule + radioactive „Lantern“
=

Radiotracer
PSMA – binding motif

68Ga-HBED-CC-
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GMP-compliant Production of Radiopharmaceuticals@HZDR 2022

GMP
 200 m2 clean room area
 12 hot cells (class C)
 2 dispensing cells (class A)
 8 automated synthesizers
 GMP certificate 2019

Radiopharmaceuticals produced 
in 2022 (315 batches)
 [18F]FDG (GlucoRos)*) (179)
 [18F]FDOPA (DOPARos)*) (46)
 Na[18F]F (NaFRos)*) (5)
 [11C]methionine (47)
 [18F]PSMA-1007 (24)
 [18F]Flutemetamol (14)
*)    with marketing authorization

Cyclotron TRFlex (+231 batches)
 123I (124)
 67Cu (40)
 64Cu (48)
 133La (7)
 131Ba (12)

Recent developments
 transfer of [18F]PSMA-1007 to 

University Hospital Dresden since 
2020 (628 patients)

Projects with industry
 GEHC: approved 

manufacturing of 18F-
Flutemetamol (Vizamyl®)

 ROTOP-Radiopharmacy: 
cyclotron based production of 
123I-iodine as radionuclide 
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Translation into Total-Body PET/CT

Zhang X et al. J Nucl Med 2020; 61:285–291; Badawi RD et al. J Nucl Med 2019; 60:299–303; https://usa.united-imaging.com; Giesel FL et al. Eur J Nucl Med Mol Imaging 2017 Apr;44(4):678-688.

PET Tracer X PET Tracer Y
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Visionary future Technology: e.g. uEXPLORER
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Imaging & Therapy (TAT) [68Ga]Ga-PSMA-11 & [225Ac]Ac-PSMA-617

Kratochwil C et al. J Nucl Med 2016;57:1941-1944.
 

12/2014
PSA = 2923 ng/ml

9/2015
PSA < 0.1 ng/ml

4 treatments with
225Ac-PSMA-617
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Consolidation of (new) paradigms through approval

Gilham I. Drug Discovery World Fall 2002; Martinez L et al. US Pharm 2011;36(9):HS25-HS28.

7

…On that day the FDA granted simultaneous approval for both
Genentech’s Herceptin® for the treatment of stage IV breast cancer

and Dako’s HercepTest® for diagnosis of Her2 overexpression…”

“HercepTest is indicated as an aid in the determination of whether
trastuzumab treatment may be considered.”
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You need an ideal biological target: Scintigraphy of the Thyroid
by „authentic“ targeting of the sodium iodide symporter

20-Jan-2023 31st NKRV Workshop, VU/Vumc, Amsterdam, NL.

I123
53 I127

53 I131
53

T1/2 = 13.2 h          T1/2 = 4.15 d            …             stable            …          T1/2 = 8 d
         g                        b+ (+ g)                                                                     b- (+ g)

I124
53

Na+ I-

Na+

 I-

Concept of Radioisotopes
(in principle already theranostic approach)

I123
53 I127

53 I131
53I124

53
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The Concept of Radionuclide Theranostics: Tandem Nuclear Medicine / Radiopharmaceutical Sciences

Giesel FL et al. EJNMMI 2017 & 2016 IMAGE OF THE MONTH JUNE; Rösch F et al. Pharmaceuticals (Basel) 2017; Collaboration Cyril Bařinka, Charles University, Prague; Baranski AC et al. Doctoral Thesis 2018.

 

68Ga, 18F for Imaging
177Lu, 225Ac for Therapy

[18F]PSMA-1007
60 min p.i.
mCRPC

Late Stage

[18F]PSMA-1007
3 h p.i.
Primary

Early Stage
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Color-coded periodic table with current or potential radionuclide applications

Kostelnik TI, Orvig C. Chem. Rev. 2019;119:902-956.
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Availability of theranostic 
Radionuclides
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Challenge Radionuclide Availability [for in vivo theranostic approach]

Derived from the Karlsruhe Nuclide Chart.

*Positron Emitter Gallium-68 (68Ga)

*Beta-Minus Particle Emitter Lutetium-177 (177Lu)

Gallium-68 (68Ga)
T1/2 = 68 m

Emean,b+ = 0.830 MeV (89%)
Eg = 511 keV (Annihilation)

Lutetium-177 (177Lu)
T1/2 = 6.71 d

Emean,b- = 0.134 MeV (100 %)
Eg = 208 keV (10.4 %)

Rmax = 2.0 mm 

68Ge/68Ga-Generator

176Yb(n,g)177Yb177Lu
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Challenge Radionuclide Availability [Feasibility of in vivo theranostic approach]

*Positron Emitter Gallium-68 (68Ga)

Gallium-68 (68Ga)
T1/2 = 68 m

Emean,b+ = 0.830 MeV (89%)
Eg = 511 keV (Annihilation)

68Ge/68Ga-Generator

*Positron Emitter Fluorine-18 (18F)

Fluorine-18 (18F)
T1/2 = 109.8 m

Emean,b+ = 0.249 MeV (97%)
Eg = 511 keV (Annihilation)

18O(p,n)18F

Derived from the Karlsruhe Nuclide Chart.
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Starting point of our research, radionuclide availability:
e.g. for fluorine-18 and carbon-11 you need a cyclotron…

1930 Ernest Orlando Lawrence realises a cyclotron
(together with Milton Stanley Livingston) 

Nobel Prize Physics 1939
„…especially with regard to
artificial radioactive elements"

4.5 inch cyclotron 193027 inch cyclotron 1935 IBA film
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http://www.youtube.com/watch?v=6BxyqFK2KRI&feature=youtube_gdata_player
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Medical Cyclotron Infrastructure in the D-A-CH Region

Zippel C et al. Frontiers Nucl Med 2022; 2: 850414.

…not enough!
HZDR + Local Partners
Top Nucleus for
for NextGen Radionuclide Availability RadioPharm

Valley
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Applied Basic Research vs. Translational Research [@HZDR]:
e.g. barium-131 as surrogate for radium-223/-224 vs. iodine-123 for ioflupane production 

Reissig F et al. Pharmaceuticals 2020; 13: 272.

TR-FLEX-Cyclotron: 131Ba via 131Cs(p,3n)131Ba

nanoScan SPECT/CT
free barium-131

16

KIPROS-200 adapted to
TR-FLEX-Cyclotron:
123I via 124Cs(p,pn)123Xe
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PET Radiotracer

Genomics

Proteomics

In vivo Molecular 
(multimodal) Imaging

Cryogen-free 7.0T MR/PET 
scanner

Simultaneous and sequential 
small animal imaging

Translational research: 
Tumor-specific imaging biomarkers

PET

DWI

T2

PET
Structural MRI

Functional MRI

MR-Spectroscopy

Biology-guided 
radiotherapy (BgRT)

2.5 Mio €

Research field: 
Health

IDH-305

2HG map

Dept. of Experimental Neurooncological Radiopharmacy: GliaRPET (to be acquired), Leipzig 

*Non-invasive imaging of Glioma-associated Receptors using small animal PET/MRI
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The therapeutic and diagnostic potential of PSMA in cancer 

Miyahira AK, Soule HR. J Nucl Med 2022;63:331-338; Evans JC et al. BJ  Pharmacol 2016;173:3041-3079; Mesters JR et al. EMBO J 2006; 25: 1375-1384; Bařinka C et al. Curr Med Chem 2012; 19: 856–870. 
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PSMA / GCP II / FOLH1 
750-amino acid cell surface glycoprotein (100 kDa)

Membrane-bound zinc metallopeptidase
brain, kidney, spleen, intestine, salivary glands, prostate

folyl-poly-g-glutamate

NAAG
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Image of the Year Award 2018 [SNMMI, Philadelphia, USA]

Hofman MS et al. Lancet Oncol 2018 Jun;19(6):825-833 [LuPSMA trial: a single-centre, single-arm, phase-II study with [177Lu]Lu-PSMA-617];Sartor O et al. N Engl J Med 2021 Sep 16;385(12):1091-1103. [VISION].

[177Lu]Lu-PSMA-617
(vipivotide tetraxetan)
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Michael S. Hofman et al., 2018 Henry N. Wagner, Jr, MD, 
Image of the Year Award of the Society of Nuclear 
Medicine and Molecular Imaging. 
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Image of the Year Award 2018 [SNMMI, Philadelphia, USA]

Hofman MS et al. Lancet Oncol 2018 Jun;19(6):825-833 [LuPSMA trial: a single-centre, single-arm, phase-II study with [177Lu]Lu-PSMA-617];Sartor O et al. N Engl J Med 2021 Sep 16;385(12):1091-1103. [VISION].

[177Lu]Lu-PSMA-617
(vipivotide tetraxetan)
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Michael S. Hofman et al., 2018 Henry N. Wagner, Jr, MD, 
Image of the Year Award of the Society of Nuclear 
Medicine and Molecular Imaging. 

Year(s)
2013/2022
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… avoiding
chemotherapy?
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Late Stage
Radionuclide Theranostics

[beyond Targeted beta-Therapy]
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Discussion of alpha emitters for targeted alpha therapy (TAT) vs. beta emitters

Giesel F et al. Exp. Oncology 2012; Kratochwil C et al. EJNM 2014.
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Imaging & Therapy (with TAT) [68Ga]Ga-PSMA-11 & [225Ac]Ac-PSMA-617

Kratochwil C et al. J Nucl Med 2016;57:1941-1944.

… overcoming resistance?
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http://endocyte.com/video_library/psma-617-prostate-cancer/
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Stuparu AD et al. J Nucl Med. 2021 Jul 1;62(7):989-995; Bellavia MC et al. J Nucl Med 2022 Nov;63(11):1636-1641. 

Paradigm: Targeted Radioligand Therapy (RLT) and Immune Checkpoint Blockade in Combination?

… to overcome resistance?Understanding mechanisms…
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Early Stage
Combining Imaging with Surgery
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Surgery: Translational Research Pipeline, Dual-labelled Tracers
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Results – Radiohalogenation of Si-rhodamine
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PET SPECT

• stable in saline (>99%) and human 
serum (>80%) after two hours

• LogDpH=7.4= 2.92±0.32 (n=3)
• Am= 70.1±3.2 GBq/µmol (n=6) 

[18F]4

Successful radiofluorination and radioiodination of a boronic-acid functionalized Si-rhodamine
T. Kanagasundaram, M. Laube, J. Wodtke, C. S. Kramer, S. Stadlbauer, J. Pietzsch, K. Kopka, Pharmaceuticals (Basel). 2021 Nov 12;14(11):1155.  
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When producing a radiometal be sure you 
have a complexing agent in the pocket!
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Sarcophargine-based Chelators for Radiocopper

Kelly JM et al. Mol Pharmaceutics 2020; Cullinane C et al. J Nucl Med 2020; Paterson BM et al. Dalton Trans. 2014 Jan 21;43(3):1386-96. 
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Detectnet (copper Cu 64 dotatate injection) in the U.S. Year(s)
2020

30 Partnerlogo
Delpassand ES et al. J Nucl Med 2020 Jun;61(6):890-896.

 

DOTA-(Tyr3,Thr8)-octreotate
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One chelator for imaging and therapy with 177Lu and 225Ac, not that easy…

31

Cieslik P*, Kubeil M* et al. J Am Chem Soc 2022 Nov 30;144(47):21555-21567. 
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Theranostic Concept: the 225Ac/133La matched pair for Radioconjugates

32

Reissig F et al. Cancers 2021;13:1974; Bruehlmann S et al. Pharmaceuticals 2022;15(10):1167
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 easy and mild labeling: macropa as excellent chelator 
    and target molecule with high affinity to PSMA
 Stability: no dissociation over 10 days
 Cell binding: high binding affinity
 High Tumor uptake: comparable to PSMA-617

= [225Ac]Ac3+

or [133La]La3+
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Targeting the tumor microenvironment 
(TME)
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Suddenly you are confronted with cancer research, finding the right unmet clinical need:
Understanding of the tumor microenvironment needed [„The collective contributions of assorted cell types“]

Imlimthan S et al. Pharmaceuticals (Basel) 2022;14(10):1023; Allavena P, Mantovani A Clin Exp Immunol 2012;167:195-2015; Chen X, Song E. Nat Rev Drug Discov 2019 Feb;18(2):99-115.   
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FAPI PET/CT: Tracer uptake in 28 different kinds of cancer vs. prognostic marker after MI

Kratochwil C et al. J Nucl Med 2019;60:801-805; Lindner T et al. J Nucl Med 2018 Sep;59(9):1415-1422; Jansen K et al. J Med Chem 2014 Apr 10;57(7):3053-74; Diekmann J et al. J Nucl Med 2022 Feb 24;63(9):1415-23. 

[68Ga]FAPI-04

FAP
(FAP alpha, Seprase)
MEROPS ID: S09.007



Clinical need for molecular imaging of PD-1/PD-L1 axis within the TME

 Overexpressed in several cancer types, e.g. lung, colorectal, breast and ovarian cancer, melanoma

 Immune checkpoint inhibitor (ICI) monotherapy: only ca. 30% response rate, understanding of 
adaptive immune resistance needed

 Clinicians need a tool for therapy decision and monitoring of target expression and dynamics over 
the course of the disease

36

Krutzek F, Kopka K, Stadlbauer S. Pharmaceuticals (Basel) 2022;15(6):747; Kim TK et al. Nat Rev Drug Discov 2022 Jul;21(7):529-540.
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Clinical need for molecular imaging of PD-1/PD-L1 axis within the TME

37

Niemeijer AN et al. Nat Commun 2018, 9, 4664.
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In vivo evaluation of PD-L1 Tracer pipeline

24 h

Krutzek F et al. Cancers (Basel) 2023 May 6;15(9):2638; Krutzek F, Kopka K, Stadlbauer S. Pharmaceuticals (Basel) 2022;15(6):747; S. Stadlbauer, F. Krutzek, K. Kopka, patent application EP21212444.0, 2021.
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 Somatostatin Receptor (SSTR)-
targeting antagonists

 Norepinephrine (NE) analogs

Partnerlogo Partnerlogo39

Foto: Dr. Martin Walther

 C-X-C chemokine receptor 4 (CXCR4)-
targeting ligands

 Carbonic anhydrase IX (CA-IX)-
targeting inhibitors

 Glucagon-like peptide-1
    (GLP-1) receptor agonists
 avb6-integrin targeting ligands

 Gastrin-Releasing Peptide
    Receptor (GRPr)-targeting peptides
 Cholecystokinin 2 receptor 

(CCK2R)/gastrin receptor analogs

 and more…

We should not forget the other Classes of Theranostic Tracers…

Thank You!
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