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Introduction. The J-PET scanner is the first and only positron emission tomography (PET)
system to use plastic scintillators, enabling positronium lifetime imaging [1]. While conven-
tional PET focuses on metabolic activity via annihilation photon density, approximately 40%
of positron annihilations occur through the formation of positronium — an exotic atom sensi-
tive to the sub-molecular nanostructure and metabolic state of tissue [2]. Our previous stud-
ies have identified variations in mean ortho-positronium (0-Ps) lifetime (toPs) between
healthy and neoplastic tissues [3-5]. The 68Ga radioisotope present in [68Ga] Ga-DOTA-TATE
emits an additional prompt gamma, allowing for measurements of Ps lifetime. The J-PET
system is unique in its ability to simultaneously perform PET and positronium lifetime imag-
ing [5-7]. We explored whether Ps lifetime can act as a high-sensitivity indicator for pathol-

ogy identifying structural or metabolic changes in apparently healthy organs.

Materials and Methods. During a follow-up of patients with neuroendocrine tumours
(NETs), we performed positronium imaging of the organs where the radiotracer accumu-
lated: the liver, spleen, and kidneys. In this clinical study (NCT06242119), we analysed 6
patients (33-82 years old), after administration of [68Ga] Ga-DOTA-TATE [8]. Patients under-
went a standard PET/CT scan followed by scanning with the J-PET prototype. The study was
conducted at the Clinical University Centre of the Medical University of Warsaw (March 2022)
and the University Hospital in Krakow (March-April 2024) based on the relevant approvals of

the bioethics commmittees of both institutions.

Results. \We calculated Ps mean lifetimes in the liver, spleen, kidneys and surrounding ana-
tomical regions, with values ranging from 1.0 to 3.0 ns. These results correlate with previous
ex vivo findings and demonstrate the J-PET capability to map the microenvironment of vital
organs [4,9,10]. Significantly, we observed changes in o-Ps lifetime that signal pathological
alterations within healthy tissues, suggesting a deeper level of molecular diagnostics extend-

ing beyond traditional radioligand uptake.

Conclusions. Our findings demonstrate the clinical feasibility of positronium imaging as a
diagnostic tool. Positronium imaging provides a novel method for identifying hidden

pathologies and improving the diagnostic accuracy for NETSs.
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