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A look into the future: the role of PSMA beyond prostate cancer
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Prostate-specific membrane antigen (PSMA) is a transmem-
brane aminopeptidase with catalytic activity, encoded by the
FOLHI (folate hydrolase 1) gene [1], consisting of a large
extracellular domain, a small transmembrane domain, and
a short cytoplasmic tail [2]. This protein is physiologically
expressed in both prostatic epithelial cells and other healthy
tissues, including the renal cortex, duodenum, ileum, sali-
vary and lacrimal glands, coeliac, and stellate ganglia [3].
PSMA is involved in folate and glutamate uptake, metabo-
lism, and signalling, and it plays a role in several processes,
including the promotion of excitatory neural transmission in
glial cells and the uptake of dietary folates in the duodenum
[4]. Nevertheless, the physiological function of PSMA in the
prostate is less clear, although it is suggested to contribute
to genomic stability [5]. The complex regulation of PSMA
involves different molecular pathways including the andro-
gen receptor, DNA damage response, and PI3K/Akt/mTOR
signalling pathways [6]. Moreover, PSMA might be involved
in cancer-related angiogenesis, playing a role in extracellu-
lar matrix degradation, tumor invasion, and integrin signal
transduction [7]. Prostate cancer cells have up to 1000-fold
higher PSMA expression than benign tissue. Previous stud-
ies reported an enhanced PSMA expression in high-grade
or metastatic disease, whereas low PSMA levels were found
in low-risk disease [3]; in addition, elevated PSMA expres-
sion was associated with hormone-refractory prostate cancer
[8], poor clinical outcome [9], and the presence of deficient
DNA damage repair pathways [5]. These findings promoted
theranostic applications of radio-labelled PSMA ligands that
reached an established role in the management of prostate
cancer [6, 10—12]. Furthermore, increased PSMA expression
has also been found in the neovascular endothelial cells of
various malignancies, including renal clear cell carcinoma,
hepatocarcinoma, salivary gland cancer, and glioblastoma
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[13], raising the possibility of PSMA-targeting in many
other tumors.

In a recent issue of the European Journal of Nuclear
Medicine and Molecular Imaging, Souza et al. [14] inves-
tigated the role of [®® Ga]Ga-PSMA-11 PET/CT imaging
for the identification of multiple myeloma (MM) lesions
in 20 consecutive patients with the pathologically proven
disease. In particular, the authors compared ['*FIFDG
PET/CT and [®® Ga]Ga-PSMA-11 PET/CT image findings
in MM patients. They found that ['"*F]FDG PET/CT and
[®® Ga]Ga-PSMA-11 PET/CT scans were able to identify
a total of 266 lesions in 19 out of 20 patients. ['*F]JFDG
PET/CT scan detected 84% of all lesions in 17 patients,
while [°® Ga]Ga-PSMA-11 PET/CT scan detected 71% of
all lesions in 19 patients. Moreover, a good concordance
was found between the number of lesions (ICC =0.748),
the number of soft tissue lesions (ICC =0.920), and the
highest SUVmax values (ICC =0.782) for the two trac-
ers. This well-designed and elegantly conducted study by
Souza et al. [14] provides for the first time systematic data
for the application of PSMA imaging in MM patients. In
the literature, there were only case reports showing the
detection of MM lesions by [ Ga]Ga-PSMA-11 [15-17].
These findings open up new diagnostic and therapeutic
perspectives for MM patients. In fact, despite the recent
advances in therapeutic strategies, MM is still an incurable
disease characterized by markedly heterogeneous biologi-
cal behavior, with wide inter- and intra-patient variability
and different clinical outcomes [18]. Although ['8FIFDG
PET/CT scan allows the detection of the heterogeneous
characteristics of MM lesions by simultaneously provid-
ing morphological and metabolic information on the status
of the disease [19], image interpretation may be difficult
in some patients due to the possible occurrence of false
positive or false negative findings [20]. Interestingly, in
the study by Souza et al. [14], a [®® Ga]Ga-PSMA-11 scan
alone was able to detect most bone and soft tissue MM
lesions with minimal or no [*® Ga]Ga-PSMA-11 uptake
in areas of confirmed benign ['®F]FDG uptake. Further-
more, the absence of physiological brain uptake of [*® Ga]
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Ga-PSMA-11 made it easier to identify MM lesions in the
skull as compared to ['F]FDG. In addition, the authors
also suggested the possible complementary role of [*® Ga]
Ga-PSMA-11 PET/CT and ['*F]FDG PET/CT scans due to
the different uptake mechanisms of the two tracers based
on the occurrence of neoplastic angiogenesis for PSMA-
ligands and the expression of glycolytic phenotype for
['*FIFDG.

Although the authors state that no [*® Ga]Ga-PSMA-11
uptake was detected in normal bone marrow, it would
be interesting to evaluate whether diffuse bone marrow
[®® Ga]Ga-PSMA-11 uptake is present in these patients
and whether there is a correlation with the plasma cell
bone marrow infiltration. In addition to focal lesions,
the characterization of diffuse bone marrow involvement
may contribute to the staging, evaluation of treatment
response, and prognosis of MM patients. Moreover, volu-
metric PET-based parameters, such as metabolic tumor
volume and total lesion glycolysis, that are established
['8F]FDG prognostic factors not only in MM patients [21]
but also in solid tumors [22, 23], could be calculated on
PSMA images to improve the risk and prognostic strati-
fication of MM patients. It would also be interesting to
investigate why MM lesions are detected by PSMA imag-
ing. The authors hypothesized that [*® Ga]Ga-PSMA-11
uptake in MM lesions is due to neoplastic angiogenesis.
However, PSMA also plays an important role in folate
metabolism. Malignant plasma cells may be dependent on
folate metabolism to comply with their proliferative needs
since folate is an important factor in DNA synthesis and
methylation [24]. In this respect, plasma cells and other
cancer cells show an overexpression of the folate receptor
as a consequence of their increased folic acid requirement
[25]. Alternative uptake mechanisms of PSMA should be
further investigated in the future.

The article by Souza et al. [14] opens new therapeutic
perspectives in MM patients due to the theranostic appli-
cations of PSMA ligands. In this regard, the choice of the
treatment option should take into account the recent clinical
introduction of new agents, such as belantamab mafodotin
and the more established use of daratumumab targeting spe-
cifically plasma cells. Further investigations are needed to
identify the clinical context in which PSMA ligands may
provide the best therapeutic benefit.

In conclusion, PSMA PET/CT imaging is emerging as
a reliable imaging modality not only for prostate cancer
patients but also for other solid and lymphoproliferative
malignancies. This scenario could lay the foundations for
the theranostic applications of PSMA ligands in the manage-
ment of different malignancies, allowing to achieve more
personalized therapies in individual patients.

Declarations

Ethical approval Institutional review board approval was not required
because the paper is an editorial.

Consent to participate Not applicable.

Conflict of interest The authors declare no competing interests.

References

1. Uijen MJM, Derks YHW, Merkx RIJ, Scilham MGM, Privé
BM, et al. PSMA radioligand therapy for solid tumors other than
prostate cancer: background, opportunities, challenges, and first
clinical reports. Eur J Nucl Med Mol Imaging. 2021;48:4350-68.
https://doi.org/10.1007/s00259-021-05433-w.

2. Sandhu S, Guo C, Hofman MS. Radionuclide therapy in prostate
cancer: from standalone to combination PSMA theranostics. J
Nucl Med. 2021;62:1660-8. https://doi.org/10.2967/jnumed.120.
243295.

3. Roberts MJ, Maurer T, Perera M, Eiber M, Hope TA, Ost P,
et al. Using PSMA imaging for prognostication in localized and
advanced prostate cancer. Nat Rev Urol. 2023;20:23—47. https://
doi.org/10.1038/541585-022-00670-6.

4. Sheehan B, Guo C, Neeb A, Paschalis A, Sandhu S, de Bono
JS. Prostate-specific membrane antigen biology in lethal pros-
tate cancer and its therapeutic implications. Eur Urol Focus.
2022;8:1157-68. https://doi.org/10.1016/j.euf.2021.06.006.

5. Paschalis A, Sheehan B, Riisnaes R, Rodrigues DN, Gurel B, Ber-
tan C, et al. Prostate-specific membrane antigen heterogeneity and
DNA repair defects in prostate cancer. Eur Urol. 2019;76:469-78.
https://doi.org/10.1016/j.eururo.2019.06.030.

6. Fendler WP, Eiber M, Beheshti M, Bomanji J, Calais J, Ceci F,
et al. PSMA PET/CT: joint EANM procedure guideline/SNMMI
procedure standard for prostate cancer imaging 2.0. Eur J Nucl
Med Mol Imaging. 2023;50:1466—-86. https://doi.org/10.1007/
$00259-022-06089-w.

7. Lauri C, Chiurchioni L, Russo VM, Zannina L, Signore A. PSMA
expression in solid tumors beyond the prostate gland: ready for
theranostic applications? J Clin Med. 2022;11:6590. https://doi.
org/10.3390/jcm11216590.

8. Ghosh A, Heston WD. Tumor target prostate specific membrane
antigen (PSMA) and its regulation in prostate cancer. J Cell Bio-
chem. 2004;91:528-39. https://doi.org/10.1002/jcb.10661.

9. Ross JS, Sheehan CE, Fisher HA, Kaufman RP Jr, Kaur P, Gray
K, et al. Correlation of primary tumor prostate-specific membrane
antigen expression with disease recurrence in prostate cancer. Clin
Cancer Res. 2003;9:6357-62.

10. Hofman MS, Lawrentschuk N, Francis RJ, Tang C, Vela I, Thomas
P, et al. Prostate-specific membrane antigen PET-CT in patients
with high-risk prostate cancer before curative-intent surgery or
radiotherapy (proPSMA): a prospective, randomised, multicentre
study. Lancet. 2020;395:1208-16. https://doi.org/10.1016/S0140-
6736(20)30314-7.

11. Carlucci G, Ippisch R, Slavik R, Mishoe A, Blecha J, Zhu S. (68)
Ga-PSMA-11 NDA approval: a novel and successful academic
partnership. J Nucl Med. 2021;62:149-55. https://doi.org/10.
2967/jnumed.120.260455.

12. Kratochwil C, Fendler WP, Eiber M, Hofman MS, Emmett L,
Calais J, et al. Joint EANM/SNMMI procedure guideline for
the use of !""Lu-labeled PSMA-targeted radioligand-therapy

@ Springer


https://doi.org/10.1007/s00259-021-05433-w
https://doi.org/10.2967/jnumed.120.243295
https://doi.org/10.2967/jnumed.120.243295
https://doi.org/10.1038/s41585-022-00670-6
https://doi.org/10.1038/s41585-022-00670-6
https://doi.org/10.1016/j.euf.2021.06.006
https://doi.org/10.1016/j.eururo.2019.06.030
https://doi.org/10.1007/s00259-022-06089-w
https://doi.org/10.1007/s00259-022-06089-w
https://doi.org/10.3390/jcm11216590
https://doi.org/10.3390/jcm11216590
https://doi.org/10.1002/jcb.10661
https://doi.org/10.1016/S0140-6736(20)30314-7
https://doi.org/10.1016/S0140-6736(20)30314-7
https://doi.org/10.2967/jnumed.120.260455
https://doi.org/10.2967/jnumed.120.260455

280

European Journal of Nuclear Medicine and Molecular Imaging (2023) 51:278-280

14.

15.

16.

17.

18.

19.

(‘"Lu-PSMA-RLT). Eur J Nucl Med Mol Imaging. 2023;50:2830—
45. https://doi.org/10.1007/s00259-023-06255-8.

. Wang G, Li L, Wang J, Zang J, Chen J, Xiao Y, et al. Head-to-

head comparison of [*Ga]Ga-P16-093 and 2-['*FIFDG PET/CT
in patients with clear cell renal cell carcinoma: a pilot study. Eur
J Nucl Med Mol Imaging. 2023;50:1499-509. https://doi.org/10.
1007/500259-022-06101-3.

Souza SPM, Frasson FC, Takahashi MES, Duarte GBO, Cas-
tro VP, Pericole FV, et al. Head-to-head comparison of [*%Ga]
Ga-PSMA-11 and ['"®*F]FDG PET/CT in multiple myeloma. Eur
J Nucl Med Mol Imaging. 2023;50:2432—-40. https://doi.org/10.
1007/500259-023-06214-3.

Merrild EH, Baerentzen S, Bouchelouche K, Buus S. Vertebral
myeloma mimicking prostatic carcinoma metastasis in 68Ga-
PSMA PET/CT. Clin Nucl Med. 2017;42:790-2. https://doi.org/
10.1097/rlu.0000000000001773.

Rauscher I, Maurer T, Steiger K, Schwaiger M, Eiber M. Image
of the month: multifocal 68Ga prostate-specifc membrane antigen
ligand uptake in the skeleton in a man with both prostate cancer
and multiple myeloma. Clin Nucl Med. 2017;42(7):547-8. https://
doi.org/10.1097/RLU.0000000000001649.

Sasikumar A, Joy A, Pillai MRA, Nanabala R, Thomas B. 68Ga-
PSMA PET/CT imaging in multiple myeloma. Clin Nucl Med.
2017;42:e126-7. https://doi.org/10.1097/rlu.0000000000001479.
Rajkumar SV. Multiple myeloma: 2022 update on diagnosis, risk-
stratification and management. Am J Hematol. 2022;97:1086-107.
https://doi.org/10.1002/ajh.26590.

Fonti R, Pellegrino S, Catalano L, Pane F, Del Vecchio S, Pace L.
Visual and volumetric parameters by 18F-FDG-PET/CT: a head
to head comparison for the prediction of outcome in patients with
multiple myeloma. Ann Hematol. 2020;99:127-35. https://doi.
org/10.1007/300277-019-03852-2.

@ Springer

20.

21.

22.

23.

24.

25.

Sachpekidis C, Merz M, Raab M-S, Bertsch U, Weru V, Kopp-
Schneider A, et al. The prognostic significance of ['*FIFDG PET/
CT in multiple myeloma according to novel interpretation criteria
(IMPeTUs). EINMMI Res. 2021;11:100. https://doi.org/10.1186/
$13550-021-00846-y.

Fonti R, Larobina M, Del Vecchio S, De Luca S, Fabbricini R,
Catalano L, et al. Metabolic tumor volume assessed by 18F-FDG
PET/CT for the prediction of outcome in patients with multiple
myeloma. J Nucl Med. 2012;53:1829-35. https://doi.org/10.2967/
jnumed.112.106500.

Pellegrino S, Fonti R, Pulcrano A, Del Vecchio S. PET-based
volumetric biomarkers for risk stratification of non-small cell
lung cancer patients. Diagnostics. 2021;11:210. https://doi.org/
10.3390/diagnostics11020210.

Pellegrino S, Fonti R, Mazziotti E, Piccin L, Mozzillo E, Damiano
V, et al. Total metabolic tumor volume by 18F-FDG PET/CT for
the prediction of outcome in patients with non-small cell lung
cancer. Ann Nucl Med. 2019;33:937—44. https://doi.org/10.1007/
$12149-019-01407-z.

Zarou MM, Vazquez A, Helgason GV. Folate metabolism: a re-
emerging therapeutic target in haematological cancers. Leukemia.
2021;35:1539-51. https://doi.org/10.1038/s41375-021-01189-2.
Xia W, Low PS. Folate-targeted therapies for cancer. ] Med Chem.
2010;53:6811-24. https://doi.org/10.1021/jm100509v.

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1007/s00259-023-06255-8
https://doi.org/10.1007/s00259-022-06101-3
https://doi.org/10.1007/s00259-022-06101-3
https://doi.org/10.1007/s00259-023-06214-3
https://doi.org/10.1007/s00259-023-06214-3
https://doi.org/10.1097/rlu.0000000000001773
https://doi.org/10.1097/rlu.0000000000001773
https://doi.org/10.1097/RLU.0000000000001649
https://doi.org/10.1097/RLU.0000000000001649
https://doi.org/10.1097/rlu.0000000000001479
https://doi.org/10.1002/ajh.26590
https://doi.org/10.1007/s00277-019-03852-2
https://doi.org/10.1007/s00277-019-03852-2
https://doi.org/10.1186/s13550-021-00846-y
https://doi.org/10.1186/s13550-021-00846-y
https://doi.org/10.2967/jnumed.112.106500
https://doi.org/10.2967/jnumed.112.106500
https://doi.org/10.3390/diagnostics11020210
https://doi.org/10.3390/diagnostics11020210
https://doi.org/10.1007/s12149-019-01407-z
https://doi.org/10.1007/s12149-019-01407-z
https://doi.org/10.1038/s41375-021-01189-2
https://doi.org/10.1021/jm100509v

	A look into the future: the role of PSMA beyond prostate cancer
	References


