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Abstract

Imaging of low (LGG) to high (HGG) grade gliomas is conventionally performed with MRI, which is the non-invasive
gold-standard imaging modality to derive data. Gliomas (Gradel,2,3,4) are lethal and demonstrate poor outcomes
despite novel therapies. Integrins compose of heterodimeric parasympathetic nervous system, the aVb3 (RGD i.e.
Galacto-Arginine-GlycineAspartic acid) have been displayed as a potential biomarker that can be imaged via PET
in order to trace the angiogenic pathway. Gliomas are common primary central nervous system (CNS) tumours
which are often pose a diagnostic challenge, even to stage and manage because of their heterogeneity in molecular
aberrations. Several core mutational core hallmarks of gliomas are inducing/accessing vasculature, tumour promoting
inflammation, polymorphic microbes and avoiding/resisting cell death; these ultimately lead to poor prognosis. In 2007,
the classification of diffuse gliomas was based on the histopathology and subtype e.g. Pilocytic astrocytoma and low cell
proliferation, in 2016, the classification of diffuse gliomas was based on the IDH status, 1p/19q codeletion, subtype and
grade; then in 2021, the IDH status (wild-type or mutant), molecular profile, subtype and grade were added in order
to improve the classification of diffuse gliomas. Imaging (MRI) techniques progress stalled despite the imperfections
in MRI e.g distinguishing RN (radionecrosis) and PsP (Pseudoprogression) hence the exploration of PET probes that
detect important hallmarks of gliomas e.g. techniques such as [68Ga]**Ga-RGD positron emission tomography (PET) to
be utilised to assess vasculature. This case report aimed to determine the potential clinical utility of molecular imaging
with 68Ga-RGD PET used in complementary to traditional MRI techniques.
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1. Introduction

Gliomas are potentially lethal types of primary brain tumours that
are characterized by aggressive capability and angiogenesis [1].
Traditionally, they are classified Grade 1, 2,3,4 (also known as
GBM, Glioblastoma multiforme). Epidemiological data suggests
that there are over 100, 000 cases of glioma diagnosed per year
worldwide. The incidence, predictive indicators and the prognosis
of gliomas is different based on age, gender, ethnicity and genetic
mutations [2]. Gliomas pose a medical and surgical challenge;
they constitute 27% - 30% of all the primary CNS tumours and
also account for 80% of all malignant primary CNS tumours [1-7].

The prognosis of diffuse gliomas in adults is poor based on a recent
review on the therapeutic modalities utilized in the managing the
disease. Therapy with curative intent in the management strategy is
unlikely as gliomas tend to recur and have aggressive capabilities
[5]. Even limiting the extent of resection (EOR) surgically, may
lead to inadvertent residual tumour or resection of normal brain
parenchyma which will either lead to early recurrence or immediate
deterioration of quality-of-life (QoL).

Gliomas arise from glial cells which are non-neuronal, and are
the supporting infrastructural components of the central nervous
system (CNS) and the peripheral nervous system (PNS).

Glial cells which give rise to astrocytes, which are then responsible
for maintenance of cellular homeostasis and production of
astrocytes, thereby contributing to the blood-brain-barrier and
protection of the neurons.

In the human and mammalian brain, glial cells constitute
the microglia, ependymal cells, oligodendrocyte lineage and
astrocytes. Some of these cells, in particular microglia, are the
resident immune cells of the brain that survey their environment
and respond to pathogens, toxins, and tumors [8,9]. In the 2020
EANO guidelines on the diagnosis and treatment of diffuse
gliomas of adulthood, several important modifications were made
i.e., glioblastoma (GBM) is now defined as a diffuse astrocytic
glioma with no mutations in IDH genes nor histone H3 genes
and is characterized by microvascular proliferation, necrosis
and/or specific molecular features, including TERT promoter
mutation, EGFR gene amplification and/or a +7/-10 cytogenetic
signature, IDH-mutant glioblastoma is now referred to as IDH-
mutant astrocytoma, WHO grade IV (4), homozygous H3.3 G34-
mutant diffuse hemispheric gliomas constitute a novel glioma
entity corresponding to WHO grade 4 (previously referred to as
glioblastoma multiforme) [10].

Notable hallmarks of gliomas as previously noted are access to
vasculature and which correlates with distinctive patterns of
transcription that potentiates glioma heterogeneity, angiogenesis,
poor prognosis and treatment response, however as previously
believed oncologic medical interventions particularly bevacizumab
does not prolong progression-free-survival (PFS) nor overall
survival (OS).

The current gold standard for the treatment of glioblastoma is care
that includes surgery, adjuvant radiotherapy and temozolomide
(TMZ) chemotherapy. Unfortunately, these treatment strategies
are not effective in curing glioblastoma, hence the poor prognosis.

Novel agents such as nivolumab (an immune-therapeutic agent)
are not superior to bevacizumab nor superior to temozolomide in
patients diagnosed with glioblastoma without MGMT promoter
methylation.

Invasive diagnosis of glioma diagnosis is on histopathology,
however this is not always feasible based on location of the
lesion or comorbidities. Therefore non-invasive techniques
such as Magnetic Resonance Imaging (MRI) are often utilized
preoperatively, postoperatively and during follow-up where there
is suspected tumour recurrence.

MRI imaging of gliomas depends on various sequences and the
administration of contrast agents i.c. gadolinium-enhanced (GE)
MRI with T1 and T2-weighted sequences. Christy and colleagues
found the sensitivity, specificity, positive predictive value (PPV)
and negative predictive value (NPV) of detecting intra-axial
gliomas to be 93%, 77%, 80% and 90% respectively, this suggests
MRI as a useful and powerful imaging modality [10,11]. However,
infiltrative tumour growth within non-enhancing regions of FLAIR
signal abnormality is not readily visualised with conventional MR
sequences (before and after therapy) [12].

Other imaging techniques that are used for glioma management is
ultrasonography with different modes e.g. elastography and DC.
The drawback has been that it is user-depended and the advantage
being that brain-shift can be accounted for when the craniotomy is
performed [10,12].

Molecular imaging may hold the key or be a potential adjunct in
differentiating and characterising gliomas e.g. low-grade (LGG)
vs. high grade (HGG), pseudoprogression and recurrence. These
tools are in the mainstream of Nuclear Medicine diagnostic
armamentarium, single-photon emission tomography (SPECT) or
Positron emission tomography (PET).

Since angiogenesis is the hallmark of genetic aberration(s), in
theory the potential use of PET 68[Ga]68Ga-labelled integrins
(RGD) using integrins for the development of epigenetic-targeted
therapy and theranostics.

It is to understand the pathophysiology, link it with the current
known molecular markers and introduce integrins and how
Nuclear Medicine can be utilized.

In arecent review by Bolcaen et al Novel Tyrosine Kinase Pathway
inhibitors for targeted therapy of glioblastoma focussed on seven
tyrosine kinase receptors, based on their role in GB [11].

2. Case Presentation
A 50-year-old male patient with no significant background history
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presented to the Accident and Emergency (A&E) unit complaining  operations or family history. Clinical tests that are performed are to
of a severe headache associated with recalcitrant nausea and assess orientation (GCS), mini-mental exam, eye reflexes to light
vomiting. The headaches were progressive over several months.  stimuli. A lumbar puncture is not routinely done in the case of SOL
There was no other history of chronic medication/surgical (Space occupying lesions).

Figure A: W Image Demonstrates a Left Frontotemporal-Insular Mass with Peripheral Irregular Solid Components and Central Necrotic
Components. There is Subfalcine Herniation

Figure B: W Image Acquired 7 Days Postoperatively Demonstrates Subtotal Resection with ~ Residual Peripheral Solid Components.
The Central Necrotic Component is Smaller, with Reduction in Mass Effect
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Figure C & D: W Image before (Top Image) and After Contrast Enhancement (Bottom Image), Acquired 7 Days Postoperatively.
Intrinsic t1 hyperintensity within the Resection Cavity is Related to Haemostatic Agent and Haemorrhage on the Non-Enhanced Image,
with Peripheral Enhancement after Contrast Administration. The Presence of Residual Enhancing Tumour is Confounded by the
Resection Cavity Intrinsic Hyperintensity, and the Acquisition Beyond the Recommended Early Postoperative Window, which Adds
Postoperative Reactive Enhancement

A
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Images A and B: H&E Staining of the Excisional Biopsy Electromicrograph Images Demonstrating the Typical. A — Glioma Cells

Endothelio-Vascular Proliferation

El

Spreading Through Normal Cells. B- Glioma Cells Infiltratig the Blood Vessels i.e.

RGD Avidity on the Left Parieto-Temporal Area i.e.,

Figure C & D: Ga-RGD PET/CT and PET only Axial Image Demonstrating 68Ga

Recurrence
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3. Discussion

Pseudo-progression (PsP) and radionecrosis (RN) are a known
disadvantage of Magnetic Resonance Imaging technique when
evaluating patients post-operatively and it has been also understood
that MRI is not perfect [13,14]. Gliomas are heterogeneous and
remain recalcitrant to conventional best care and are fatal; i.e.,
even post-resect, recurrence is almost a certainty.

This case succinctly demonstrates that the angiogenic pathway
in gliomas can be detected with RGD PET therefore serving as
an important complimentary marker to MRI. Whilst integrins are
heterodimeric, they can be uniquely be labelled with a radioactive
metal i.e., 68Gallium which has a half-life of 68 minutes proving
to be ideal in the clinical scenario [15-17]. Katsanos et al managed
to highlight that Magnetic Resonance Spectroscopy (MRS) and
68GaRGD PET can be utilized successfully in order to give more
data that will be relevant clinically and complimentary in the
evaluation of gliomagenesis [14].

4. Conclusions

When assessing patients with Glioma (LGG to HGG) it may be
beneficial to perform a 68Ga-RGD PET in conjunction with MRI.
Since molecular aberrations in gliomas trigger the angiogenic
switch/pathway, integrin imaging may give additional information
that may influence management.

PET scans are becoming readily available therefore hybrid
imaging with PET/MR may enhance the evaluation of low grade
to high grade gliomas. The uptake of 68Ga-RGD by glioma is
non-equivocal and this may also assist in the choice for therapy
i.e., surgical by limiting blood loss and chemotherapy by selection
of anti-angiogenesis agents e.g., Bevacizumab. Avenues for
targeted therapy i.e., theranostic may in the future become a
possibility. With newer digital and time-of-flight PET scans,
the risk of ionizing radiation may soon be insignificant due to
the validated requirements of much lower injected radiation
doses with no compromise in image quality. Nuclear Medicine
techniques are poised to be crucial non-invasive modalities that
will yield important information that can be used for diagnosis,
characterization, classification, ability to distinguish between true
progression (TP) vs Pseudo-progression (PsP) and recurrence
determination [18].
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