BN: 978-65-594-1256

2024 International Nuclear Atlantic Conference — INAC 2024 H“SH M “ ““H“H m
g9 786558 412563

Escola de Guerra Naval, Rio de Janeiro, RJ, May 6 - 10, 2024

Radiochemical Stability Study of Therapeutic doses
of Lu-177-PSMA-I&T.

Balieiro, L.M.L, Freire, M.R.B.2,
Santos, J.M.%, Araujo, E.B.4

Centro de Radiofarmécia
Instituto de Pesquisas Energéticas e Nucleares IPEN-CNEN
Av. Prof. Lineu Prestes, 2242 — Cidade Universitaria — CEP 05508-000
S8o Paulo — SP — Brasil
luiza.mbalieiro@usp.br?; renatabrd@gmail.com?; joel.s-amazul@ipen.br®; ebaraujo@ipen.br*

1. Introduction

Prostate cancer mainly affects men aged between 45-60 years, the third neoplasm with the most cases and the
disease with the highest diagnosis rate among men in the world [1,2].

Prostate Specific Membrane Antigen (PSMA), is a glycoprotein type Il and there is a consensus among authors
describing a strong correlation between PSMA expression and the malignancy of prostate cancer [3,4,5].
PSMA-related radiopharmaceuticals were extensively studied from the point of view of radiolabeling and
clinical application, using radionuclides for diagnostic and therapy. In therapeutic application, the labeling of
PSMA related analogs with lutetium-177 (*"’Lu) stands out, with the characteristic of stability after labeling
being a challenge to the transport and clinical application of these radiopharmaceuticals, due to the degradation
caused by radiolysis [4,6].

Several agents promote the stability of therapeutic radiopharmaceuticals, such as dilution, freezing and the
use of stabilizing agents such as diethylenetriaminepentaacetic acid (DTPA) gentisic acid, ascorbic acid and
ethanol. The stabilizing agents, however, are part of the final formulation of the radiopharmaceutical, making
relevant toxicological aspects [6,7]. The stability of the radiopharmaceutical for therapy is also directly related
to the specific activity of the preparation.

This present work aims to evaluate the radiochemical yield and stability of "’Lu-PSMA-I&T therapeutic
doses, prepared with stabilizer buffer in different peptide to lutetium molar ratios.

2. Methodology

2.1 Materials and Methods

The radiolabeling of PSMA-I&T (CMR-Russia) with lutetium trichloride (*’’LuCls) was based and adapted
on the methodology described by Villas Boas [8]. The preparation of therapeutic doses was determined with
9.25 GBq (250 mCi) of lutetium-177 and 313 to 496 ug of PSMA-I&T peptide, aiming to compare different
peptide to lutetium molar ratios. The sodium ascorbate buffer pH 4.7 was chosen for labeling due to its
protective properties against the effects of radiolysis. DTPA solution was added after labeling procedure.

2.2 Quality Control

The percentage of radiochemical purity (%RP) was determined by High-performance liquid chromatography
composed by automatic injector unit (SIL-AC20), pump (LC-20AT), DGU-20 SR degasser, UV/VIS
detector (SPD-20?%), CBM-20? communicator module (Shimadzu, Japan) and Laura 4.0 software for
controlling the HPLC System (Lablogic, England). A gamma radiation detector was attached to this unit
(Flow-RAM Radio HPLC Detector, Lablogic, England).
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According to the method described by Villas Boas [8], analysis was conducted using a C-18 column (Waters
model Xterra RP 18 column 5 pm, 4.6 x 150 mm, 24°C), with injection volume of 100 uL, and gradient of
0-8.59 min 24% B; 9-18 min 60% B; flow 0.6 mL/min, A= Water/0.1% trifluoroacetic acid, B=
acetonitrile/0.1% trifluoroacetic acid.

Radiochemical Purity by Thin Layer Chromatography was determined using silica gel 60 (TLC-SG) coated
aluminum strips (stationary phase) and 0.1M sodium citrate buffer, pH 5.0 (mobile phase), and the
radioactivity was detected with Gamma Counter (Packard, USA). The obtained results were confronted with
the internal acceptance criterion (%RP > 97%) still under evaluation.

The stability of the therapeutic doses kept frozen (-25°C) was assessed by HPLC and CCD analysis,
performed immediately (N = 3), 24 hours (N= 3) and 48 hours (N=2) after labeling for peptide to lutetium
rate of 3.0 to 3.4 and N=3 for peptide to lutetium rate of 3.6 to 4.0.

3. Results and Discussion

The stability of *’Lu- PSMA-I&T was studied in therapeutic doses, prepared with different peptide to
lutetium molar ratios, to evaluate the impact of the final specific activity of the radiopharmaceutical on
stability.

In Figure 1, the %RP of therapeutic dose stability study using TLC (A) and HPLC (B) are representative
mean and standard deviation of molar ratio 3.0 to 3.4. For ANOVA test (p-value <0.05) the difference was
not significant, considering time after labeling (P=0.2999), but, for HPLC analysis, the results do not meet
the internal acceptance criteria for %RP (>97%) of *’’Lu- PSMA-I&T, after 24 hours and 48 hours stored
under freezing.
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Figure 1: %RP of therapeutic dose of *"’Lu-PSMA-I&T prepared with molar ratio 3.0 to 3.4 and stored under
freezing: (A) TLC analysis; (B) HPLC analysis.

Figure 2 presents the %RP of therapeutic dose stability study using TLC (A) and HPLC (B) and is
representative mean and standard deviation of molar ratio 3.6 to 4.0. ANOVA test (p-value <0.05) does not
demonstrate a significant difference between times (P=0.5011). The HPLC results demonstrate that the
preparation remained stable, meeting the internal acceptance criteria (= 97% RP) up to 48 hours after
preparation, in the proposed storage conditions.
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Figure 2: %RP of therapeutic dose of *"’Lu-PSMA-1&T prepared with molar ratio 3.6 to 4.0 and stored under
freezing: (A) TLC analysis; (B) HPLC analysis.

Figure 3 shows typical HPLC chromatograms for different molar ratios used in the preparation of *"’Lu-
PSMA-I&T, 24 hours after labeling demonstrating additional peaks and decreased %RP.
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Figure 3: HPLC chromatograms of therapeutic doses of *’Lu-PSMA-1&T: (A) molar ratio 3.0 to 3.4 (%RP
of main peak in red = 95.7 %) and (B) molar ratio 3.6 to 4.0 (%RP of main peak in pink = 98.9 %) stored
under freezing for 24 hours.
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4., Conclusions

This preliminary study made it possible to determine the peptide to lutetium molar ratio range that provides
greater stability to the radiopharmaceutical over the proposed storage period and conditions. Additional studies
will be carried out to assess the impact on production scheduling.

Acknowledgements

This project was carried out with federal resources from the Institute of Energy and Nuclear Research IPEN /
CNEN Brazil. The authors would like to thank the entire staff of the Radiopharmacy Center, for the valuable
contribution.

References

[1] “Global Cancer Observatory” https://gco.iarc.fr (2023)

[2] Sung, H., Ferlay, J., Siegel, R.L., Laversanne, M., Soerjomataram, 1., Jemal. A., Bray, F., “Global
cancer statistics 2020: GLOCAN estimates of incidence and mortality worldwide for 36 cancers in 185
countries” CA: a cancer journal for clinicians, v.71, n.3, pp. 209-249 (2021)

[3] Bu, T., Zhang, L., Yu. F., Yao. X., Wu. W., Zhang. P., Shi. L., Zang. S., Meng. Q., Ni. Y., Shao. G.,
Qiu. X, Ai. S., Jia. R., Guo. H., “177Lu-PSMA-I&T Radioligand Therapy for Treating Metastatic
Castration-Resistant Prostate Cancer: A Single-Centre Study in East Asians”. Frontiers in Oncology.
V.12 (2022).

[4] Baum, R.P., Kulkarni. H.R., Schuchardt. C., Singh. A., Wirtz. M., Wiessalla. S., Schottelius. M.,
Mueller. D., Klette. ., Wester. H-J., “177Lu-Labeled Prostate-Specific Membrane Antigen
Radioligand Therapy of Metastatic Castration-Resistant Prostate Cancer: Safety and Efficacy”, Journal
of Nuclear Medicine, vol. 57, pp. 1006-1013 (2016).

[5] Di lorio. V., Boschi. S., Cuni. C., Monti. M., Severi. S., Paganelli. G., Masini. C., “Production and
Quality Control of [177Lu]Lu-PSMA-1&T: Development of an Investigational Medicinal Product
Dossier for Clinical Trials”. Molecules, vol.27, pp.4143 (2022)

[6] Weineisen, M., Schottelius. M., Simecek. J., Baum. R.p., Yildiz. A., Beykan. S., Kulkarni. H.R.,
Lassmann. M., Klette. I., Eiber. M., Schwaiger. M., Wester. H-J., “68Ga- and 177Lu-Labeled PSMA
I&T: Optimization of a PSMA-Targeted Theranostic Concept and First Proof-of-Concept Human
Studies”, Journal of Nuclear Medicine, vol. 56, pp.1169-1176 (2015).

[7] Vyas M., Lim. R., Fagan. J., Chandrashekar. R., “Stability matters: Radiochemical Stability of
Therapeutic Radiopharmaceutical 177Lu-PSMA 1&T”, Journal of nuclear Medicine Technology, vol,
50, pp. 244-247 (2022)

[8] Boas, C. A. W. V., Silva. J.J., Dias. L.A.P., Freire. M.R.B., Balieiro. L.M., Santos. C.S.F dos.,
Vivaldini. B.F., Benedetto. R., Vieira. D.P., Passos. P.de Q.S., Marumo. M.H., Teixeira. L.F.S., Araujo.
E.B. de., “In vitro and in vivo response of PSMA-617 radiolabeled with CA and NCA lutetium-1777,
Applied Radiation and Isotopes, vol 180, pp. 1-7 (2022).


https://gco.iarc.fr/

