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68Ga-NOTA-RM26 PET/CT in the evaluation -

of glioma: a pilot prospective study

Yilin Li"#, Rongxi Wang?®", Jingci Chen?, Zhaohui Zhu?¥", Yu Wang'?" and Wenbin Ma'*"

Abstract

Background Gliomas are the most common malignant primary tumors of the central nervous system. There

is an urgent need for new convenient, targeted and specific imaging agents for gliomas. This study aimed to firstly
evaluate the feasibility of ®®Ga-NOTA-RM26 PET/CT imaging in glioma and analyze the relationship between the imag-
ing characteristics and glioma grade, classification and molecular alterations.

Results Twenty-two patients were confirmed as glioma by surgery or biopsy. All patients exhibited ®Ga-NOTA-RM26
uptake. SUV,,, was chosen as the imaging marker for analysis. For all glioma patients, there were significant differ-
ences between grades (P=0.047). For primary gliomas, SUV,,,, had good discrimination for both tumor classifications
(P=0.045) and grades (P=0.03). There was a positive correlation (P<0.01) between GRPR expression level and SUV,
P53 mutations caused significant differences in SUV,,,, (P=0.03).

Conclusions This study is the first application of ®®Ga-NOTA-RM26 in glioma patients and confirmed the safety
and efficacy in glioma patients. ®*Ga-NOTA-RM26 PET/CT has potential value in tumor grade, classification, and molec-
ular alterations.

Trial registration ClinicalTrials.gov: NCT06412952. Registered 26 April 2024, https://clinicaltrials.gov/study/NCT06
412952
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Background

Glioma is the most common primary malignant tumor of
the central nervous system [1], According to the fifth edi-
tion of the World Health Organization (WHO) Classifi-
cation of Tumors of the Central Nervous System (CNS),
adult-type diffuse gliomas can be classified into glioblas-
tomas, IDH-wildtype, astrogliomas, IDH-mutation, oli-
godendrogliomas, IDH-mutation and 1p/19q-codeleted,
and others according to their origin and molecular altera-
tions [2]. Glioblastomas are associated with a median
survival of 12-15 months, even with aggressive treat-
ment [3, 4].

The diagnosis of gliomas still relies on postoperative
pathology. Preoperative imaging information can be
non-invasive and the most commonly used technique
is magnetic resonance imaging (MRI), which is an ana-
tomical imaging technique. PET functional imaging can
reflect the metabolism or receptor expression of the
tumor. The most widely used imaging agent in tumors is
BE_FDG(2-18F-fluoro-2-deoxyglucose) [5], but the natu-
ral background high uptake in brain tissue makes '°F-
FDG application in glioma imaging unsatisfactory [6,
7]. Amino acid-based imaging agents have been widely
studied recently, such as !'C-methionine (1'C-MET),
8E_fluoroethyl-L-tyrosine (F-FET), or 3F-dihydroxy-
phenylalanine (*®F-DOPA), showing high uptake in
glioma cells, but they are not tumor specific and their
nuclides require accelerators for preparation [8, 9].
And the short half-life of carbon-11 (20 min) restricted
the use of "C-MET[10]. When using 8F-DOPA, an
increased uptake in the striatum has to be considered,
as the molecule is a precursor of dopamine [11]. Other
PET tracers visualizing proliferative tumor cell activity
(e.g., "8F-fluorothymidine) or cell membrane components
(e.g., 'C-choline) are under investigation in gliomas and
are not ready for clinical applications at present [12, 13].
The proposal of PET-based response assessment criteria
for diffuse gliomas (PET RANO 1.0) indicated that the
importance of PET in glioma has been paid more and
more attention [14]. Therefore, there is an urgent clini-
cal need of new convenient and target-specific imaging
agents for glioma imaging, to enable tumor detection at
the molecular level and visualization of tumor biological
behavior, while providing potential theranostic targets.

Gastrin-releasing peptide receptor (GRPR), a member
of the G protein-coupled receptor family of bombesin
receptors, is overexpressed in various types of human
tumors, including glioma, prostate cancer, breast cancer,
colorectal cancer, pancreatic cancer, and small cell lung
cancer [15]. Previous study showed that all specimens
from glioma patients were GRPR immunohistochemical
staining positive, while GRPR was not detected in glial
cells in normal brain tissue [16, 17]. Previous studies have
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also found that synthetic GRPR antagonists have anti-
proliferative effects on GBM cells in vitro and in vivo [18,
19]. %8Ga is produced by a generator rather than a cyclo-
tron and the 67.6-min physical half-life is suitable [20].
The GRPR agonist probe ®®Ga-NOTA-Aca-BBN (7-14)
has been studied in gliomas [21]. However, as an agonist,
it has suboptimal pharmacokinetics in vivo and causes
side effects in patients due to its physiological activity
[22]. Therefore, imaging probes based on GRPR antago-
nists have been investigated. Recent studies have shown
that GRPR antagonists are superior to GRPR agonists,
with higher binding capacity and more favorable phar-
macokinetics [23]. Several PET tracers based on GRPR
antagonists have been clinically investigated, includ-
ing RM26 (D-Phe-GIn-Trp-Ala-Val-Gly-His-Sta-Leu-
NH2), a high affinity GRPR antagonist [24, 25]. Previous
researches have shown that ®*Ga-NOTA-RM26 PET/CT
is safe and useful in both prostate cancer patients and
breast cancer patients [26, 27]. However, its application
in glioma patients has not been explored.

In this study, we aimed to explore the potential appli-
cation value of ®*Ga-NOTA-RM26 in glioma patients for
the first time, and to analyze the relationship between the
imaging characteristics and glioma grade, classification
and other molecular alterations.

Methods

Patients

This study was registered on ClinicalTrials.gov
(NCT06412952). The study protocol was approved by
the Ethics Committee of Peking Union Medical College
Hospital (ZS-1103) before recruitment, and all patients
signed the informed consent. Patients with suspected
gliomas or recurrence based on MRI examinations of
the head were recruited at Peking Union Medical Col-
lege Hospital. Inclusion criteria were clinical suspicion
of gliomas/recurrence, age>18 years, signed informed
consent, and the ability to obtain pathological specimens
through surgery or biopsy. Exclusion criteria were severe
liver or kidney disease (serum creatinine levels > 3.0 mg/
dL or any liver enzyme levels>5 times the upper limit of
normal), severe allergy or hypersensitivity reactions to
contrast agents, claustrophobia (unable to undergo PET/
CT scans), and pregnancy or breastfeeding.

Procedure

The preparation of NOTA-RM26 was conducted accord-
ing to the method reported in the literature [24]. The radi-
olabeling of NOTA-RM26 was performed in a sterile hot
chamber following previously reported procedures [21].
The radiochemical purity of the product *®Ga-NOTA-
RM26 exceeded 95%. All patients received intravenous
injection of 1.85 MBq (0.05 mCi) of ®*Ga-NOTA-RM26
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per kilogram of body weight within 1 week before sur-
gery. Thirty minutes after the injection, all patients
voided urine and assumed a supine position with their
arms placed at their sides. The ®®Ga-NOTA-RM26 PET/
CT of the head was acquired using an integrated PET/
CT scanner (Polestar m660, SinoUnion Healthcare Inc.,
Beijing, China). Low-dose CT scans (120 kV, 35 mA, 70
cm field of view) were acquired for imaging of the head.
PET scans for each patient covered one bed position (600
s per bed, 192x192 matrix, 5 mm slice). All patients
underwent preoperative MRI navigation and histological
results were obtained through biopsy or gross resection.

Image and data analysis

PET/CT images were manipulated on MIM software
(version 7.1.4; MIM Software Inc.). PET images were
analyzed by two experienced nuclear medicine physi-
cians for 10 and 12 years respectively. For ®*Ga-NOTA-
RM26 PET/CT imaging, PET positivity was defined as
focal tracer uptake of the tumor on a local background
and anatomically coregistered with MRI. The background
uptake area was the brain tissue in the corresponding
region contralateral to the tumor. The maximum and
mean standardized uptake values (SUV . and SUV_ ..,
respectively) in the volume of interest were obtained by
software. The ratio of tumor to background (T/B) was
calculated for further analysis.

Immunohistochemical staining of GRPR
Tumor samples were fixed in 10% neutral buffered for-
malin and embedded in paraffin. After paraffin sections
were deparaffinized to water, 4 um thick tissue sections
were placed in 3% hydrogen peroxide solution and incu-
bated at room temperature in the dark for 25 min. The
slides were washed 3 times in PBS (Phosphate-Buffered
Saline) (PH 7.4) with shaking on a decolorizing shaker
for 5 min each time to block endogenous peroxidase.
The tissue was uniformly covered by dropping 3% BSA
(Bovine Serum Albumin) in the histochemical circle and
blocked for 30min at room temperature. In addition, rab-
bit anti-human GRPR polyclonal antibody (PA5-26791;
Thermo Fisher Scientific, 1:100 dilution) were incubated
overnight at 4 °C. After washing with PBS (PH 7.4),
CY5-labelled goat anti-rabbit IgG (GB27303; Servicebio)
was added and incubated warm for 50 min. After wash-
ing with PBS (PH 7.4), the staining was developed with
DAB, hematoxylin re-staining, hematoxylin differentia-
tion solution, and hematoxylin blueing solution. Optical
microscopy (BX41; Olympus) examined stained slides.
To semi-quantify GRPR expression, five high magnifi-
cation fields of view (x40) containing malignant cell pop-
ulations were randomly identified on each slide, and the
intensity and percentage of GRPR staining were scored.
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The intensity of staining was scored as (0, no staining; 1,
very low; 2, low; 3, moderate; 4 high staining). The per-
centage of GRPR positivity in tumor cells was scored as
follows: 0%, score 0; 0-20%, score 1; 20—40%, score 2;
40-60%, score 3; 60—80%, score 4; and 80-100%, score
5. For each slice, a value known as the H-score was
obtained by multiplying the intensity score by the per-
centage score. This method has previously been shown
to be highly reproducible (intra-class correlation analysis
of intra-observer and inter-observer differences: r=0.94
and r=0.9, respectively) [28]. The procedure was per-
formed independently by two examiners with 10 and 12
years of experience who were unaware of the imaging
results, and in cases of discrepancies, a third investiga-
tor with 20 years of experience will be consulted to pro-
vide an interpretation until a consensus is reached by the
group.

Other immunohistochemical and molecular alteration
assays were performed as required according to clinical
routine.

Statistical analysis

SPSS (IBM SPSS Statistics for Windows, Version 27.0.1;
Armonk, NY) was used for data analysis, and RStu-
dio (PBC & Certified B Corp.®, USA) was used to gen-
erate graphs. All quantitative data were expressed as
mean t standard deviation. A P<0.05 was considered
statistically significant. Correlations were analyzed using
Spearman correlation coefficient for continuous data.
Differences were analyzed by Student’s t-test between
two groups and Analysis of Variance (ANOVA) between
multiple groups.

Results

Baseline information

Twenty-three patients were recruited at the Peking
Union Medical College Hospital between April 2024 and
August 2024. Twenty-two patients were confirmed as
glioma by surgery or biopsy. One patient was histologi-
cally confirmed to be not glioma after surgery. Among
the gliomas, 20 patients underwent surgical resec-
tion or biopsy in our hospital and obtained pathology,
while 2 patients underwent surgical resection in other
hospitals and we subsequently obtained the pathologi-
cal diagnosis through telephone follow-up. Of the 22
patients with gliomas, 20 were primary gliomas and 2
were recurrent gliomas. The flow chart is shown in Fig. 1.
There were 11 females and 11 males with a mean age of
48.86 + 13.05 years. Among the primary glioma patients,
seven (35.00%) patients were diagnosed as glioblastoma,
IDH-wildtype, WHO grade 4. One of them had two
lesions. Six (30.00%) patients were diagnosed as astrocy-
toma, IDH-mutation (WHO grade 4, n=4, WHO grade
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n=23

Potentially eligible participants who underwent
68Ga-NOTA-RM26 PET/CT and MRI

Patient excluded due to other

A 4

> brain tumors
n=1

n=22

Patients diagnosed with glioma

Patients with recurrent

glioma

n=20

Patients with primary glioma

n=2

:

Patients with surgery and
histopathology in our hospital
n=18

Fig. 1 The flow chart of patient enrollment

3, n=1, WHO grade 2, n=1). Four (20.00%) patients
were oligodendroglioma, IDH-mutation and 1p/19q-
codeleted (WHO grade 3, n=3, WHO grade 2, n=1).
One patient was diffuse hemispheric high-grade glioma,
H3G34 mutant, WHO grade 4. Two patients were diffuse
gliomas, WHO grade 2, NOS. Among recurrent gliomas,
there was one oligodendroglioma, WHO grade 2 and one
glioblastoma. Of all patients, 4 (18.18%) patients were
grade 2 gliomas, 4 (18.18%) patients were grade 3, and 14
(63.64%) patients were grade 4. The baseline information
of the patients is shown in Table 1.

PET/CT findings

In this study, no significant study-related adverse reac-
tions (dizziness, vomiting, abdominal discomfort) were
observed in all patients after ®*Ga-NOTA-RM26 admin-
istration, indicating that it’s well tolerated and safe. All 22
glioma patients showed obvious tracer aggregation in all
23 lesions 30 min after injection of 68Ga-NOTA-RM26,
with clear contrast with the surrounding normal brain
tissue. The locations of the lesions matched well with
the MRI sequences and immunohistochemical results
(Fig. 2). The PET/CT image showed glioblastoma in the
right frontal lobe, and its location and morphology are
basically consistent with MRI. PET/CT uptake can be
seen to be slightly larger than the region of enhance-
ment in the T14C sequence. The heterogeneity of the
uptake intensity within the tumor was observed on PET,

:

Patients with surgery and
histopathology in other hospitals
n=2

while the heterogeneous signals of the tumor were also
observed on T1WI, T2WI and T14C sequences. They
all reflected the heterogeneity within the gliomas. The
lesion had a high Ki-67 score, dense tumor cells on HE
staining, and a high H-score for GRPR-stained cells.
The locations of the lesions for different grades gliomas
matched well with the MRI findings (Fig. 3). Shown from
top to bottom are gliomas of grade 2, grade 3, and grade
4, respectively. Their PET/CT uptake was enhanced in
turn, and the corresponding GRPR staining was also
increased. The SUV_ . of all tumors ranged from 0.10
to 3.40 (1.50+0.47), and the T/B ratio from 2.00 to 35.15
(14.24.+0.51).

Correlation between imaging parameters and diagnosis
Different semi-quantitative parameters were further ana-
lyzed in this study, including SUV, .., SUV .oy T/Npawo
T/Npean- The Spearman correlation was displayed by heat
map (Fig. 4). SUV,,., was found to be the most represent-
ative. So, the subsequent analysis focused on the correla-
tion between SUV . and diagnosis.

For 23 lesions in 22 glioma patients, there was no
significant difference in uptake between glioma types
(P=0.08, Fig. 5A). Given that glioblastomas are the most
malignant and specific, preoperative identification of
glioblastomas has some clinical value. We divided them
into glioblastoma lesion group (n=9, SUV_,, 2.00+0.85)
and non-glioblastoma lesion group (n=14, SUV_,,
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Table 1 Baseline table of patient characteristics
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No. Sex Age Diagnosis Primary Location WHO grade SUVmax T/B ratio
1 Female 30  Astrocytoma, IDH-mutation, grade 4 Primary Right temporal lobe 4 1441 35.146
2 Female 57  Oligodendroglioma, IDH-mutation and 1p/19g-codeleted, Primary  Right frontal lobe 3 0.250 3.086
grade 3
3 Female 60  Oligodendroglioma, IDH-mutation and 1p/19g-codeleted, Recurrent Right frontal lobe 2 2.055 31.136
grade 2
4 Male 48  Glioblastoma, IDH-wildtype Primary  Right temporal lobe 4 1.728 23.040
5 Female 58  Astrocytoma, IDH mutation, grade 4 Primary Left frontal lobe 4 2.640 29.011
6 Female 71  Glioblastoma, IDH-wildtype Primary  Right frontal lobe 4 0.779 14.164
7 Female 48  Glioblastoma, IDH-wildtype Primary  Right frontal lobe 4 1.582 16.143
8 Male 51  Diffuse glioma, NOS Primary  Right frontal lobe 2 1.079 5.832
9 Male 24 Astrocytoma, IDH-mutation, grade 2 Primary  Right frontal lobe 2 0.580 5225
10 Male 36 Oligodendroglioma, IDH-mutation and 1p/19g-codeleted, Primary  Left occipital lobe 2 1.100 11.000
grade 2
11 Female 51  Astrocytoma, IDH-mutation, grade 3 Primary  Right temporal lobe 3 2.100 18421
12 Male 69  Glioblastoma, IDH-wildtype Primary  Left temporal lobe 4 3.400 6.182
Glioblastoma, IDH-wildtype Primary  Left temporal lobe 4 2.300 11.500
13 Male 53 Glioblastoma, IDH-wildtype Recurrent  Left temporal lobe 4 2440 11.619
14 Female 39  Diffuse glioma, NOS Primary  Left occipital lobe 2 0.204 2.000
15 Male 42 Astrocytoma, IDH-mutation, grade 4 Primary  Right occipital lobe 4 1.330 12.091
16 Male 49  Oligodendroglioma, IDH-mutation and 1p/19g-codeleted, Primary  Right frontal lobe 3 1.130 7533
grade 3
17 Female 61  Glioblastoma, IDH-wildtype Primary  Right frontal lobe 4 2.340 10.685
18  Female 34  Diffuse midline glioma, H3K27-altered Primary  Left parietal lobe 4 0.940 9.126
19  Female 41  Astrocytoma, IDH-mutation, grade 4 Primary  Right frontal lobe 4 1.575 8.036
20 Male 36 Oligodendroglioma, IDH-mutation and 1p/19g-codeleted, Primary  Right parietal lobe 3 0.100 10.000
grade 3
21 Male 46  Glioblastoma, IDH-wildtype Primary  Right basal ganglia 4 0.850 12.500
22 Male 71 Glioblastoma, IDH-wildtype Primary  Right occipital lobe 4 2.595 34.145

1.18£0.76) and found a significant difference between
the two (P=0.03) (Fig. 5B). The optimal cut-off for diag-
nosis was 1.58, with a sensitivity of 77.8%, specificity of
78.6% and Area Under Curve (AUC) of 0.76 (Fig. 5C). We
wondered whether SUV .. could preoperatively differen-
tiate primary glioma subtypes. We found that the uptake
SUV,_.« of primary glioblastoma lesions (n=8) was
1.95+0.89, astrocytoma (n=6) was 1.61 +0.70 and oligo-
dendroglioma (n=4) was 0.65+0.54. It was significantly
different among different subgroups (P=0.045), and
the uptake of glioblastoma was significantly higher than
that of oligodendroglioma (P=0.02, Fig. 5D). Uptake in
the glioblastoma lesion group (n=38, SUV,,,, 1.95+0.89)
was significantly higher than that in the non-glioblas-
toma lesion group (n=10, SUV . 1.11+0.74, P=0.045)
(Fig. 5E). The optimal cut-off value for diagnosis was 1.58,
with a sensitivity of 84.6%, specificity of 75.0% and AUC
of 0.76 (Fig. 5F).

In terms of tumor grade, our analysis revealed a sig-
nificant difference between grades for glioma patients,
including those with primary and recurrent gliomas

(P=0.047, Fig. 5G). The uptake of high-grade gliomas
was higher than that of low-grade, however, the statistical
difference was not found to be significant (1.64 +0.89 vs.
1.00+0.70, P=0.13, Fig. 5H). The optimal cut-off value
for diagnosis was identified to be 1.12, at which point the
diagnosis demonstrated a sensitivity of 72.2%, a speci-
ficity of 80.0% and an AUC of 0.73 (Fig. 5I). Similarly,
when the primary glioma population was analyzed in
isolation, a significant difference in SUV_,, was observed
between the different grades (grade 4 1.81+0.79, grade
3 0.89+0.92, grade 2 0.74+0.43, P=0.03, Fig. 5]). The
uptake of high-grade gliomas was significantly higher
than that of low-grade tumors (high-grade 1.59+0.89,
low-grade 0.74+0.43, P=0.02, Fig. 5K). The optimal cut-
off value for diagnosis was determined to be 1.12, with
a sensitivity of 70.6% and 100% specificity, as well as an
AUC of 0.81 (Fig. 5L).

Correlation of imaging parameters and molecular features
The correlation between GRPR immunohistochemical
staining results (H-score) and SUV__ in 19 pathological
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PET, E CT; F %8Ga-NOTA-RM26 PET/CT fusion map). The SUV
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of the tumor was 2.34, whereas that of the contralateral brain tissue was SUV,
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Fig.2 A GBM lesion was seen in the right frontal lobe of a 61-year-old woman (AT1; BT2; CT1+C; D transverse axial view of %Ga-NOTA-RM26
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was only 0.22; E, F Ki-67 and HE staining of the tumor; G positive GRPR staining of the tumor

sections of 23 glioma lesions was analyzed. Spearman
correlation analysis showed that there was a correla-
tion between them (P<0.01, Fig. 6). SUV . didn't sig-
nificantly correlate with Tumor mutation load (TMB)
(P=0.28) or Ki-67 (P=0.58) (Fig. 6B, C). P53 alteration
was found significant difference of SUV .  (P=0.03)
(Fig. 6D). No significant differences were found in other
molecular alterations including IDH mutation, 1p/19q
co-deletion, CDKN2A/B homozygous deletion, TERT
promoter mutation, and chromosome variations includ-
ing gain of chromosome 7 and loss of chromosome 10
(+7/— 10 copy number changes) (Fig. 6E-I). And no
significant differences were found for MGMT promoter
methylation, ATRX alteration, Oligo2 alteration, NeuN

alteration, S100 alteration and Syn alteration (Supple-
mentary Fig. 1).

Discussion

E-FDG is currently the most commonly used PET
tracer for tumors. However, physiological glucose hyper-
metabolism in the brain limits its application. A number
of alternative PET tracers for brain tumors are under
development, including peptide receptor-targeted trac-
ers, such as RM26, which targeting GRPR. This study
demonstrates that ®®Ga-NOTA-RM26 is a safe and well-
tolerated agent after administration. In this study, all
glioma lesions showed favorable uptake of ®*Ga-NOTA-
RM26 with a distinct tumor to background ratio. All
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Fig. 3. %Ga-NOTA-RM26 images (left), MRI (middle) and immunohistochemically stained samples (right) of different grades of gliomas. A

A 24-year-old male with an astrocyte, IDH mutant, WHO2-grade lesion was seen in the right frontal lobe, the SUV,,, of the tumor was 0.58, whereas
that of the contralateral brain tissue was only 0.11, and the tumor stained positively for GRPR. B A 49-year-old man with an oligodendrocyte, WHO
grade 3 lesion in the right frontal lobe with a of 1.13 and a contralateral brain tissue SUV, ., of 0.15, and the tumor stains positively for GRPR. C

A 41-year-old woman with an astrocyte in the right frontal lobe, IDH mutant, WHO grade 4 lesion, with a tumor SUVmax of 1.58 and a contralateral

brain tissue SUV,., of 0.19, and a tumor that stains positively for GRPR

glioma samples exhibited positive GRPR expression,
which was consistent with the findings reported in previ-
ous pathological studies [16, 21]. A significant correlation
was observed between SUV .. and GRPR expression, as
determined by immunohistochemical staining (P<0.01).
The imaging parameter for analysis was identified as
SUV_ .« in this study. There were significant differences
in the uptake values of different classifications (P=0.045)
and grades (P=0.03) of primary gliomas. After the exclu-
sion of recurrent gliomas, the difference of SUV .
between high-grade and low-grade gliomas was statisti-
cally significant (P=0.02). The uptake of recurrent grade
2 oligodendroglioma was significantly increased, possibly

due to greater blood—brain barrier (BBB) disruption
caused by treatment [29]. Nevertheless, the sample size
is limited, and further investigation is required. Given the
significant correlation between tumor types and grades
in gliomas and prognosis, it is reasonable to infer that
%8Ga-NOTA-RM26 PET/CT may also have prognostic
potential. Furthermore, this imaging agent has the poten-
tial to be employed in subsequent monitoring of treat-
ment response.

In our study, the regions shown by PET were slightly
larger than the region of enhancement in the T1+C
sequence. Previous studies have shown that the T1+C
range was surrounded by diffuse isolated tumor cells
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B-SUVmean 1.00

T/Bmean 0.61

B-SUVmax 0.76

SUVmean

SUVmax

Fig. 4 Correlation between imaging parameters

that migrate into the brain [30, 31]. RANO resect group
has pointed out the removal of non-contrast-enhanc-
ing tumor beyond the contrast-enhancing tumor bor-
ders may translate into additional survival benefit
[32, 33]. Recent studies have shown that PET-guided
tumor boundaries tend to be more accurate than MRI
boundaries [34, 35], and that radiotherapy guided by
PET planning tumor boundaries has a better progno-
sis compared to conventional MRI in small studies [36,
37]. %8Ga-NOTA-RM26 has the same potential to do
so. It is also important to note that the use of different
radiotracers may vary to some extent, and the therapeu-
tic efficacy of ®®Ga-NOTA-RM26 in determining the
boundaries needs to be verified in subsequent studies.
The combination of the GRPR target with intraoperative
fluorescence has the potential to significantly enhance
the convenience of surgical procedures and increase the
resection rate. It has shown that tracer consisting of the
GRPR agonist BBN linked to fluorophores was safe and
effective for intraoperative tumor imaging [38]. In addi-
tion, ®®Ga-NOTA-RM26 PET/CT exhibited pronounced
intra-tumoral heterogeneity, facilitating the investigation

1.00

0.50 | 0.55 | 0.62
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of intra-tumoral heterogeneity, including the spatial tran-
scriptome [39].

Another innovative point of this study was the combi-
nation of PET/CT with molecular pathology. High GRPR
expression may indicate greater likelihood of p53 muta-
tion (P=0.03). Previous studies have found that in glio-
blastoma cell lines, GRPR knockdown leads to altered
cell size, reduced proliferation and cell cycle arrest [40].
Another study showed that GRPR may play an inhibitory
role on p53 function resulting in inhibition of cell cycle
arrest and senescence [41]. This were consistent with
our findings. The results of this study further indicated
that GRPR may represent a promising target for glioma
therapy. Internal irradiation with nuclides targeting pep-
tide receptors has been the subject of extensive study
and has been demonstrated to be an effective treatment
for metastatic tumors [42]. As an antagonist, RM26 is
less likely to produce a target effect than an agonist. It is
encouraging to envisage the integration of diagnosis and
treatment of gliomas. IDH-mutated gliomas generally
have a better prognosis compared prognosis compared
to IDH-wildtype gliomas [43]. The differences in other
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Fig.5 Correlation between SUV,

max

and diagnosis. Correlation between SUV, .,

and glioma types for all gliomas (A, B) and primary gliomas (D, E). ROC

curve for distinguishing GBM and non-GBM for all gliomas (C) and primary gliomas (F). Correlation between SUV,,, and glioma grade for all gliomas
(J-H) and primary gliomas (J-K). ROC curve for distinguishing high-grade gliomas and low-grade gliomas for all gliomas (I) and primary gliomas (L)
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molecular alterations such as IHD mutations did not
show statistical significance on PET/CT, which may be
related to the small sample size. The homozygous dele-
tion of CDKN2A/B is the strongest implicated independ-
ent indicator of the poor prognosis within IDH-mutant
astrocytoma, and the identification of this alteration
in these lower histologic grade tumors transforms their
biology toward an aggressive grade 4 phenotype clini-
cally [44]. The presence of TERT promoter mutations or
a combination of chromosome 7 gains and 10 deletions

upgraded IDH wild-type astrocytoma to glioblastoma [2,
43]. The mean SUV_,  of them in this study were slightly
higher in the mutant group than in the non-mutant
group, although they did not show statistical significance.
1p/19q co-deletion is a better prognostic marker [45],
with slightly lower SUV . in the codeletion group com-
pared to the wild-type group in this study, although there
was no statistically significant difference.

This study also has some limitations. The number of
patients included in the study was relatively limited,
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and the study was conducted at a single center. Conse-
quently, the sensitivity and specificity of the diagnosis
may be subject to some degree of bias. And the limited
data set made it challenging to achieve definitive posi-
tive correlations through molecular alterations and imag-
ing characteristics, and further exploration is required
to address this. Moreover, the tumor area of PET/CT
and MRI showed incomplete overlap, and more findings
will be found if further computer fitting and intraopera-
tive multi-point biopsy verification are performed. In
addition, the imaging parameter we used was the clas-
sic SUV . the potential for utilizing additional imaging
parameters as biomarkers warrants further investigation
and analysis.

Conclusions

This study is the first to demonstrate the safety and effi-
cacy of ®*Ga-NOTA-RM26, a novel imaging agent with
GRPR target specificity, in PET imaging of gliomas.
%8Ga-NOTA-RM26 PET/CT has value in the diagnostic
typing and grading of gliomas. It also demonstrated that
GRPR-targeted molecular imaging may be a promising
modality for assessing efficacy, estimating prognosis, tar-
geting therapy, and delineating tumors in patients with
gliomas.
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