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SYSTEMATIC REVIEW ARTICLE

Potential of Radiolabeled PSMA PET/CT or PET/MRI Diagnostic Proce-
dures in Gliomas/Glioblastomas
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Abstract: Background: Radiolabeled prostate-specific membrane antigen PSMA-based PET/CT or
PET/MRI is a whole-body imaging technique currently performed for the detection of prostate cancer
lesions. PSMA has been also demonstrated to be expressed by the neovasculature of many other solid
tumors.

Objective: The aim of this review is to evaluate the possible diagnostic role of radiolabeled PSMA
PET/CT or PET/MRI in patients with gliomas and glioblastomas, by summarizing the available litera-
ture data.

ARTICLE HISTORY L
Methods: A comprehensive literature search of the PubMed/MEDLINE, Scopus, Embase and Coch-

rane library databases was conducted to find relevant published articles about the diagnostic perform-
ance of radiolabeled PSMA binding agents in PET/CT or PET/MRI imaging of patients with suspected
gliomas or glioblastomas.
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Results: Seven case reports or case series and 3 studies enrolling more than 10 patients showed that
gliomas and glioblastoma are PSMA-avid tumors.

Conclusion: Radiolabeled PSMA imaging seems to be useful in analyzing glioma/glioblastoma. Fur-
ther studies enrolling a wider population are needed to clarify the real clinical and diagnostic role of
radiolabeled PSMA in this setting and its possible position in the diagnostic flow-chart.

1. INTRODUCTION oligoastrocytomas) and grade IV (glioblastoma). In a neuro-
logical examination, the imaging tests that are commonly used
to evaluated gliomas are; magnetic resonance (MR) and com-
puted tomography (CT). Surgery is usually the first step of
therapy with the aim to remove the maximum possible the
tumor. . Radiation therapy usually follows surgery in the
treatment of glioma, especially high-grade gliomas. Chemo-
therapy is usually used in combination with radiation therapy.
The prognosis for patients with gliomas depends on the grade

Gliomas are the most frequent type of primary brain tu-
mors. The clinical behavior of gliomas is different according
to the grade; low grade gliomas are slowly growing, while
high grade gliomas are clinically aggressive with poor prog-
nosis. The most frequent and most malignant histological
type is the glioblastoma. Gliomas are usually classified on
the basis of cellular morphology (oligodendroglioma, oli-
goastrocytoma, astrocytoma) and according to proliferative

features. The WHO classification of central nervous system
tumors divides gliomas into grade I-II (low-grade glioma),
grade III (anaplastic astrocytoma or oligodendroglioma or
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and for patients with high-grade gliomas is generally poor.

Radiolabeled Gallium-68 (**Ga) or Fluorine-18 ('*F)
prostate specific membrane antigen (PSMA)-based positron
emission tomography/computed tomography or magnetic
resonance imaging (PET/CT or PET/MRI) are whole-body
imaging techniques currently performed for the detection of
prostate cancer (PCa) lesions. The main diagnostic applica-
tion of PSMA-based imaging is the whole body primary
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staging of intermediate and high risk PCa or restaging after
biochemical disease relapse (rising prostate-specific antigen
levels) in patients with prior radical external beam radiation
or radical prostatectomy [1-3].

PSMA, a type II transmembrane glycoprotein receptor
with glutamate carboxypeptidase/folate hydrolase activity.
Human PSMA is a zinc containing metalloenzyme (750 amino
acids) with a unique 3-part structure composed of a large ex-
tracellular domain, a transmembrane portion, and an intracel-
lular component. PSMA has recently emerged as a target for
radionuclide imaging and treatment of PCa [4,5]. High expres-
sion of PSMA in PCa and upon ligand-binding internalization
of PSMA by clathrin-coated pits and subsequent endocytosis
makes it a useful target for diagnostic and therapeutic applica-
tions in nuclear medicine. PSMA has been demonstrated to be
expressed by the neovasculature of many solid tumors (for
example colon, gastric, lung, breast, adrenal, bladder, renal
cell carcinoma), in some non-neoplastic conditions and also as
incidental findings in other organs like thyroid [6-14].

The aim of this review is to evaluate the possible diag-
nostic role of radiolabelled PSMA PET/CT or PET/MRI in
patients with gliomas and glioblastomas, by summarizing the
available literature data.

2. METHODS
2.1. Search Strategy

A comprehensive literature search of the Pub-
Med/MEDLINE, Scopus, Embase and Cochrane library data-
bases was conducted to find relevant published articles about
the role of radiolabelled PSMA PET/CT or PET/MRI in pa-
tients affected by glioma or glioblastoma. We used a search
algorithm that was based on a combination of the terms: a)
“PSMA” OR “prostate specific membrane antigen” AND b)
“glioma” or “glioblastoma”. No beginning date limitation was
used; the search was updated until June 30" 2019. Only arti-
cles in the English language were selected; pre-clinical or non
in-vivo studies, and conference proceedings were excluded.
To expand our search, references of the retrieved articles were

Current Radiopharmaceuticals, 2020, Vol. 13, No. 2 95

also screened for additional studies. All literature studies col-
lected were managed using EndNote Web 3.3.

2.2. Study Selection

All articles reporting patients with glioma or glioblas-
toma evaluated by radiolabeled PSMA PET/CT or PET/MRI
in the clinical setting were eligible for inclusion. Two re-
searchers (FB and GT) independently reviewed the titles and
abstracts of the retrieved articles. The same two researchers
then independently reviewed the full-text version of the re-
maining articles to determine their eligibility for inclusion.

2.3. Data Abstraction

For each included study, information was collected con-
cerning the basic study (author names, year of publication,
country of origin, type of study) and PET device used
(PET/CT or PET/MRI), number of patients evaluated, num-
ber of patients who underwent further investigations and
malignancies detected. The main findings of the articles in-
cluded in this review are reported in the Results.

3. RESULTS
3.1. Literature Search

The comprehensive computer literature search revealed
127 articles. On reviewing the titles and abstracts, 117 arti-
cles were excluded because the reported data were not within
the field of interest of this review. 10 articles were selected
and retrieved in full-text version [15-24]; no additional stud-
ies were found when screening the references of these arti-
cles. In total, 10 articles were included in the systematic re-
view [15-24].

3.2. Qualitative Analysis (Systematic Review)

Findings of several studies have shown that radiolabeled
PSMA PET imaging may identify gliomas and glioblas-
tomas. The characteristics of the studies and results are
briefly presented in Tables 1 and 2.

Table 1. Clinical Glioma/glioblastoma imaging studies using radiolabeled PSMA binding agents.

First Author Ref. Year | N.Pts | Type of Study Country/Study Type Device Radiolabelled agent
Marafi [15] | 2019 1 CR Kuwait PET/CT 18F-PSMA 1007
Verma [16] | 2019 10 R India PET/CT 68Ga-PSMA-11

Kunikowska [17] 2018 1 CR Poland PET/CT 68Ga-PSMA'

Malik [18] | 2018 1/5° CS India PET/CT 68Ga-PSMA
Salas Fragomeni [19] 2018 1 CR United States PET/CT 18F-DCFPyL (PSMA-targeted)
Sasikumar [20] | 2018 157 P India PET/CT 68Ga-PSMA-11
Salas Fragomeni [21] 2017 3 CS United States PET MRI 18F-DCFPyL (PSMA-targeted)
Sasikumar [22] | 2017 107 NA India PET/CT 68Ga-PSMA-11
Unterrainer [23] 2017 1 CR Germany PET MRI 68Ga-PSMA-11
Schwenck [24] 2015 1 CR Germany PET/MRI 68Ga-PSMA-11

Ref. = reference; N.Pts = cases examined; R = retrospective; P= prospective; CR = case report; CS= case series; ‘= not better specified; NA = not available; 5= case series with one
patients with brain tumor; "= imaging fusion ~=possible partial patients ovelap.
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Table2. Glioma/Glioblastoma PET Imaging Results Using Radiolabeled PSMA Binding Agents.
PET/CT Id Standard PET/CT Final Id Standard
First Author | Ref. | N.Pts /c Final Diagnosis Gold Standarc e nal Gold Standarc
Positive Final Diagnosis Negative Diagnosis Final Diagnosis
Marafi [15] 1 1 GB histology / / /
Verma [16] 10 10 5G; 2GBM; 3LG histology / / /
Kunikowska [17] 1 1 GBM histology / / /
Malik [18] 1/5° 1 ODG histology / / /
1 A ific uptake i
Salas [19] 1 1 spectic uptake in MRI and FU / / /
Fragomeni radionecrosis
10GBM; 10DG; 1
Sasikumar [20] 15 13 GBM; 10DG; histology 2 2NS MRI and FU
aODG; IAATGBM;
Salas .
. [21] 3 3 2GBM; 1 AA histology / / /
Fragomeni
4GBM; 1HG; 1AM;
Sasikumar [22] 10 8 G 2’CNSC;:; ’ histology 2 INS; INA MRI and FU
Unterrainer [23] 1 1 GS histology / / /
Schwenck [24] 1 1 GBM histology / / /

Ref. = reference; N.Pts = cases examined; NA = not available; *= case series with one patients with brain tumor; FU= follow-up; GB= glioblastoma; GBM= glioblastoma multi-
forme; LG= low grade glioma; HG= high grade glioma; ODG= oligodendroglioma; aODG= anaplastic oligodendroglioma; AATGBM= anaplastic astrocytoma with transformation
to GBM; NS= negative for disease; ‘= fused; AA= anaplastic astrocytoma; AM= atypical meningioma; CNSL= central nervous system lymphoma; GS= Gliosarcoma.

4. DISCUSSION

Imaging of gliomas/glioblastomas has always been chal-
lenging for the nuclear medicine physicians and the radiolo-
gists. Functional MRI, [18F]Fluorodeoxyglucose (18F-FDG)
and newer tracers like 18I*“-ﬂuorothyrnidine ("*F-FLT) , ''C-
methionine (''C-MET), 18F-ﬂuoroethyl-L-tyrosine(18F-FET),
"E-Fluoro-L-dihydroxyphenylalanine ('*F-FDOPA), [11C]
Choline/[18F]Fluorocholine and 18F-fluoromisonidazole
(18F-FMISO) have also been studied in literature. 18F-FDG
(evaluating the upregulation of glycolysis in cancer cells) has
shown suboptimal results; in fact, despite 18F-FDG uptake
has been demonstrated in gliomas, the high physiological
uptake of the normal brain tissue diminishes contrast, par-
ticularly in the cortex; as a consequence, tumors and normal
brain activity may become indistinguishable. 18F-FLT (a
nucleoside radiotracer used to measure and visualize DNA
synthesis) uptake is low in the normal brain parenchyma and
it has been demonstrated in gliomas but tracer accumulation
may also occur in non-neoplastic blood-brain barrier disrup-
tion, bone marrow and dural venous sinuses. 11C-MET (ra-
diolabeled amino acid incorporated into proteins synthesis)
has been used for brain tumor imaging with good results also
due to the low uptake in normal brain but the short half-life
(20 minutes) needs on-site cyclotron facilities. 18F-FET (a
tyrosine analog radiolabeled tracer that accumulates within
tumors without metabolization or incorporation into pro-
teins) has been used with good results in gliomas. 11C- or
18F- Choline (a phospholipid precursor partaking in cell
membrane synthesis by phosphorylation by choline kinase)
has also been used with good results but its high physiologi-
cal uptake in non-tumoral structures including choroid
plexus, venous sinuses, the pituitary gland and its false posi-

tives results in abscesses, inflammatory granulomas, tubercu-
loma and some demyelinating diseases have limited its
specificity. "E_-FDOPA (an amino-acid analog) is approved
for the assessment of recurrent brain tumors in Europe and
has been increasingly trialled for preoperative glioma charac-
terization. 18F-FMISO has also been used to evaluate glio-
mas hypoxia being hypoxia a critical component of the
glioblastoma microenvironment and has been associated
with both poor prognosis and resistance to various therapies.

Therefore, studies using newer tracers like radiolabeled
PSMA binding agents warrants study and review.

The PSMA is a type Il transmembrane protein physio-
logically expressed by prostate tissue and significantly over-
expressed by most of the PCa cells. However, PSMA is not
solely expressed by prostate tissue [6-14]. Importantly,
PSMA overexpression also occurs in pathophysiological
processes other than PCa, especially in the neovasculature of
multiple malignancies. This has important potential implica-
tions for PSMA-targeted imaging and possibly also thera-
pies. Tumor specimens analysis and immunohistochemical
studies have suggested the presence of PSMA expression of
gliomas [25-29]. Only a few studies evaluating PSMA-
targeted imaging of gliomas/glioblastomas in clinical prac-
tice are currently available. Moreover, most of these studies
are case reports or case series [15, 17-19, 21-24] probably
because few centers currently use radiolabeled PSMA
PET/CT or PET/MRI, thereby reducing the population of
patients analyzed globally. As a consequence, considering a
very low number of reports and patients analyzed, no high
quality evidence could be drawn about the role of radiola-
beled PSMA in gliomas/glioblastomas; further, large pro-
spective studies are needed to clarify the real clinical and
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diagnostic role of the radiolabeled PSMA in this field and
its possible position in the diagnostic flow-chart. Overall,
the available literature data demonstrate that gliomas/
glioblastomas are radiolabeled PSMA-avid tumors. These
insights, if confirmed, could open up the way to a possible
future use of radiolabeled PSMA PET/CT or PET/MRI in this
type of brain tumors. In one case only there was a false posi-
tive result of the radiolabeled PSMA PET due to radionecrosis
[19]. Three studies where more than 10 patients were enrolled
showed that gliomas and glioblastoma are PSMA avid tumors;
in particular, Verma et al. [16] evaluated 10 patients with
%Ga-PSMA PET/CT, harboring brain lesions that were sus-
pected to be gliomas on MRI; in vivo PSMA expression was
seen in all patients with glioma. Of these, 7 patients harboring
8 lesions of glioblastoma (WHO grade IV) showed high-grade
PSMA uptake, whereas the remaining 3 patients (3 lesions) of
low-grade glioma (WHO grade II) had low-grade PSMA up-
take in their respective brain lesions. They concluded that
%Ga-PSMA PET/CT can be used to characterize the PSMA
expression in gliomas, high-grade ones demonstrating higher
uptake and tumor-to-background ratio than the low-grade
ones. Sasikumar et al. [22] evaluated 10 patients with %Ga
PSMA having brain lesions detected on MRI; glioma of 5
patients was evaluated by radiolabeled PSMA PET for suspi-
cious recurrence; five patients were evaluated for characteriza-
tion of a space-occupying lesion in the brain. In four out of
five cases, among the patients referred to recurrence evalua-
tion, abnormal tracer uptake was observed in the suspicious
lesion detected by MRI. All the four patients underwent surgi-
cal excision of the recurrent disease and histopathological ex-
amination of the excised tissue, which confirmed the recur-
rence of the disease. The fifth patient in this category referred
to recurrence evaluation showed no abnormal tracer uptake at
%Ga-PSMA PET/CT scan in the doubtful lesion detected by
MRI. The patient was suggested for a follow-up and and an
MRI at 9 months showed no evidence of disease recurrence.
In the group of five patients with a brain lesion detected by
MRI and evaluated by ®*Ga-PSMA PET/CT for characteriza-
tion, one patient had a definitive diagnosis of grade IV glioma,
one had an atypical meningioma and two had central nervous
system lymphoma; in the last case ®Ga-PSMA PET/CT
showed no abnormal tracer uptake. The patient was unwilling
for stereotactic brain biopsy/surgical excision of the lesion
which hampered to reach a definitive diagnosis.

One year later, the same authors [20], despite a possible
partial patients’ overlap, g)ublished a study in which a total of
15 patients underwent *°Ga-PSMA PET/CT. Indication for
doing the scan in majority of the patients (10 patients; 67%)
was for a suspected glioma recurrence after surgery and ra-
diotherapy. Two patients (13%) were referred for lesion
characterization of space-occupying lesion in the brain and 3
patients (20%) for restaging immediatelgf after surgery. In 13
cases, there was evidence of disease at ¥Ga-PSMA PET/CT
scan, and the final diagnosis was made on the basis of histo-
pathology. Among the 2 cases where the scan was negative,
one was for immediate post-surgery restaging. The subse-
quent MRI showed no evidence of residual disease, and the
patient underwent follow-up with no evidence of disease
after 6 months. The other case was followed up clinically,
and the repeated MRI scan after 9 months showed no evi-
dence of disease as well.
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CONCLUSION

Despite the fact that few studies are currently available,
radiolabeled PSMA is not specific for the prostate, as several
benign and malignant entities have been reported by imaging
and histologic studies to show a relevant expression, espe-
cially in tumor-associated endothelial cells. Radiolabeled
PSMA imaging seems to be useful in analyzing glioma/
glioblastoma despite further studies enrolling a wider popu-
lation are needed to clarify the real clinical and diagnostic
role of radiolabeled PSMA PET and its possible position in
the diagnostic flow-chart.
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