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Theranostic of Prostate Cancer: PSMA Inhibitors
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pocket active site O 177Lu-PSMA-617 (Pluvicto™) has been recently approved by the EMA and FDA.
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M. Eiber et al., J Nucl Med (2015) 56:668-674

o — M. Einsenhut, Bioconjugate Chem. (2012) 23 (4), pp 688-697 Attard, G. et al., Lancet (2016) 387, 70-82
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PSMA Inhibitors: beta vs alpha Therapy
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O Despite the good results obtained with 7/Lu-PSMA-617, the use of
B- emitters in targeted therapy with radionuclides has some
limitations: nephrotoxicity, resistance to p-radiation and low
efficacy to eradicate small lesions .

O Therapy with a-emitters may be an alternative: promising clinical
and preclinical results for 22°Ac-PSMA-617.

O Alpha Emitters Limitations: Challenging production, demanding
radiochemistry, in vivo stability issues.
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Auger Electron Therapy: Pros and Cons

 Short range (less than the cell diameter) and high LET of Auger electrons (AE) are favourable features for
targeted radionuclide therapy (TRT), namely to eradicate small tumors, metastases and even non-imageable
small clusters of tumor cells.

Bolcaen et al., J Nucl Med. 2023;64(9):1344-1351.
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up to few mm 40-100 pm <500 nm

J Biological Effects (e.g,. induction of cell death) are strongly dependent on the subcellular localization of AE
emitters and distance to radiosensitive targets (e.g., cell membrane, nucleus or mitochondria).

J Many Auger emitters correspond to commercially available radionuclides in use for diagnostic (e.g. 1%3l, ¢’Ga,
9mTc or 111n): Theranostic potential.

(J New and more suitable Auger emitters start to be available (e.g., 1%'Th, 1%°mPt, 197Hg, 103mR}, 165Ey).

(d A great challenge is to avoid undue irradiation of non-target tissues by y-photons often emitted by AE
___ emitting radionuclides.
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Organelle-Targeted AE-Emitting Radioconjugates

99mTc-AO-BBN 9mTe-TPP-BBN
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Fernandes et al., Int J Mol Sci. 2022;23(13):7238

 Minimization of undesired side effects (e.g. hematological
toxicity, kidney damage or cardiotoxicity), for a successful use of

AE emitters in TRT. PC3 cells

[ Challenge: impact of organelle-specific moieties in the PKs and biodistribution of the radioconjugates.
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161ThH ys 1771y

Radionuclide 77y 161Th
{Halflife (0aY)_ e 6.4 e 6.906_______ i
Type of decay (%) B~ (100%) B~ (100%)
| B partides meanenergy(eV) 1383 143 ]
Daughter 77Hf (stable) 167Dy (stable)
{CEGeVperdecay) 3% 3928 i
CE energy range in keV (weighted average energy)® 6.2 - 206.3 (87) 3.3-98.3(28)
IAE (keV perdecay) 13 8% ____ ]
AE energy range in keV (weighted average energy)? 0.01-61.7 (1) 0.018 -50.9 (0.8)

Hindié et al., EJNMMI Physics 2020, 7:33

= 161Th associates the traditional advantages of a medium-energy ~ emission spectrum with the additional
benefit of a high localised dose provided by conversion and Auger electrons (AE).

= \ery encouraging results for °'Tb-PSMA-617 (PSMA inhibitor) and ®1Tb-DOTA-LM3 (SST2-antagonist)
undergoing clinical trials.
Van Laere et al., Theranostics. 2024;14(4):1720-1743
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“Dual-Targeted” 1°1Tb complexes
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cancer radiotherapeutics

PROSTATE CANCER AND PSMA
® Recent approval of TLuPSMAS17, Phuicio, targetng e Prostse Spectic Membrane Anigen (PSMA)
overexpressed m e magorey of prostate cancer (Pca) and s metastases (1]

S y Introduction
19

« VLu-PSMAg, (Pluvicto), approved by FDA/EMA for targeted radionuchide therapy of Prostate Specific
Membrane Antigen (PSMA}-positive prostate cancer (PCa) and its metastases (1, 2)

 Limtstons of targeted radorucide Serapy wih - emters e "Ly nephrotoncy nd resatance n 3 non negigile 1
X 1 « ¥Tb s a beta-minus emitter that also emits conversion electrons and Auger electrons (AE), potentially
nomber of patents [2.3] Attractive ahemative. X — 7 enhancing therapeutic effects at lower administered doses [3). ™in emits AE but does not emit beta-minus
particles.
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161Th complexes Carrying Mitotropic (TPP) Units

J Synthesized and Evaluated Complexes

[*51Tb]Th-PSMA-617
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X = NH, [151Tb]Tb-TPP-PSMA

) — X = G, [**'Tb]Tb-TPP-G,-PSMA
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Radiolabeling/ In vitro Stability Studies
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v/ Non-radioactive congeners characterized by ESI-MS analysis.

v/ HPLC co-injection runs of "Tb and ®1Tb complexes confirmed

the chemical identity of the radioactive ones.
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In vitro stability in PBS and cell culture medium

161Th-TPP-PSMA

W L Medium, 6 d, 37°C

Medium, 24 h, 37°C

-ﬁk PBS, 24 h, 37°C
161Th-TPP-PSMA
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Cellular Studies: Uptake, Internalization and Blockade Assays

) Uptake and internalization in PC3 PIP cells (PSMA+) and PC3 flu cells (PSMA-)
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Cellular Studies: Mitochondrial uptake

= Mitochondrial Uptake 21 h

PC3-PIP cells
Mitochondria Isolation Kit (using magnetic beads)
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Cellular Studies: Radiobiological Effects

 Clonogenic assay: assess the ability of cells to divide and form colonies upon
exposure to the radioconjugates.

PC3 PIP — PSMA (+) "
Plate cells w17 Th-TPP-DOTAGA-PSMA (PIP)

o w117 Tb-TPP-DOTAGA-PSMA (Flu)
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Clonogenic assay
O The dual complexes %1Tb-TPP-PSMA and %1Tb-TPP-G;-PSMA induces stronger radiobiological

effects than 161Tb-PSMA-617, inhibiting more efficiently the proliferation of PC3-PIP cells for the
highest tested activities without affecting the PC3-FLU cells.

27 EU
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Cellular Studies: Radiobiological Effects
 y-H2AX Assay: Quantification of individual y—H2AX foci by fluorescence microscopy

Expanded Histone

d Phosphorylation of the Ser-139 residue of the histone variant H2AX leads to the
formation of y-H2AX foci, which is an early cellular response to the induction of DNA
double-strand breaks .

 y-H2AX foci are correlated with the induction of DNA double-strand breaks

Activity-dependent (0.185-0.74 MBq) Fluorescence images of cells exposed
DNA damage after 4 h incubation at 37 °C to 0.74 MBq for 4h
CONTROL 161Thb-PSMA-617

5 -

®161Tb-PSMA-617
161Tb-TPP-PSMA

] ™161Tb-TPP-G3-PSMA

iy

(4]
1

- (Cells were immunostained for
V-H2AX;
22 23
2.0

18 161Th-TPP-G;-PSMA L
° DAPI was used to visualize the
: nuclei)

Q':&‘: | Q:';\ . Q;'\h

Activity (MBq)
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MicroSPECT Imaging Studies

= USPECT 24 hand 7 d p.i.

[161Tb]Th-PSMA-617
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MicroSPECT Imaging Studies

= SUV values (kidneys and tumors) (1 h, 24 h, 96 h and 7 d p.i.)

o —
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Autoradiography and Radiometabolite Studies

= Exvivo autoradiography data at 7 days post-injection

[*$'Tb]Tb-TPP-G,-PSMA

Activity uptake (x 10* Net
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PSMA(-) tumor
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= HPLC radiochromatograms of plasma and urine samples from mice
injected with [61Tb]Tb-TPP-G,-PSMA (10 min. p.i. and comparison
with samples spiked with the radiocomplex)

Spiked Plasma || Plasma 10 min p.i.

Time (min)

Spiked Urine | Urine 10 min p.i.

A.U.

e Sen]

.L‘-J L 1

0 ] 10 15 20 25 30
Time (min)
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Conclusion and Perspectives

= TPP-containing !®'Tb radiocomplexes, combining PSMA and mitochondria targeting ability, significantly

enhance radiocytotoxicity of 1Tb in PSMA-positive prostate cancer cells, leading to increased DNA damage.

= Their excellent in vivo stability, successful in vivo tumor targeting and favorable pharmacokinetics make these
TPP-containing radiocomplexes good candidates to improve the efficacy of PCa treatment based on Auger

electron therapy.

= Therapeutic assays in tumor bearing mice are foreseen for the best performing 11Tb-TPP-G;-PSMA, together
with further studies to enlighten the possible role of mitochondrial damage on the observed radiobiological

effects.
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