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Abstract: Gliomas are central nervous system (CNS) derived tumors that originate from glial cells and affect
six per 100,000 people in the United States. They are the most common form of CNS neoplasm and are highly
diffusely infiltrative to surrounding brain tissue. Gliomas of diffusive nature are classified into different
subcategories: astrocytomas, oligodendrogliomas, and ependymomas. Computed tomography (CT) and
Magnetic Resonance Imaging (MRI) are used to determine tumor category and spread which may dictate
treatment options. This paper focuses on emerging treatments of chemotherapy management with
temozolomide and Avastin as well as emerging immune modulation treatment with vaccinations,
manipulation of cellular checkpoints CTLA-4 and PD-1, co-receptor modulation of neuropilin-1, CAR-T cell
therapy, and CRISPR-Cas9 gene editing. The employment of TMZ and BEV has been supported in the
literature, however, more research is necessitated to fully optimize regimens and to avoid immune- and
toxicity-related effects of these drugs. Moreover, an even closer consideration is warranted for current
immunotherapies as they are in their infancy compared to TMZ and BEV. Thus, although promising emerging
treatment options, therapies involving cancer vaccines, ICIs, immune modulation of neuropilin-1, CAR-T, and
CRISPR-Cas9 technology require further investigation into their long-term efficacy and utility in treating
gliomas.
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Introduction

Gliomas are central nervous system (CNS) derived tumors that originate from glial cells and
affect six per 100,000 people in the United States. Around 20,000 patients are diagnosed with gliomas
every year in the United States, with 12,000 patients being diagnosed with glioblastomas [1]. Gliomas
are the most common form of CNS neoplasm and are highly diffusely infiltrative to surrounding
brain tissue. Gliomas of diffusive nature are classified into different subcategories: astrocytomas,
oligodendrogliomas, and ependymomas. Pilocytic astrocytomas are the least malignant tumors while
glioblastomas are the most malignant type [1].

Headaches are the most common symptom associated with gliomas and are thought to be
caused by the growth of tumor cells. The tumor cells increase pressure in the vasculature and result
in edema. Nausea, vomiting, and vision changes are other symptoms that can occur, with seizures
being the second most common symptom experienced. In order to diagnose a glioma, imaging
techniques are critical. Computed tomogram (CT) head can detect edema, asymmetry, and
hemorrhage in the brain tissue. Magnetic resonance imaging (MRI) of the brain can be used to
evaluate the grade of the tumor detected based on enhancement. Chest X-rays are also useful in
determining tumor metastasis and play a vital role in determining treatment approaches.

Current treatment approaches include surgical resections, chemoradiation, antiepileptic
medications, steroids, and deep venous thrombosis prophylaxis for symptom management [1]. This
paper will focus on emerging treatments of chemotherapy management with temozolomide and
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Avastin as well as emerging immune modulation treatment with vaccinations, manipulation of
cellular checkpoints CTLA-4 and PD-1, co-receptor modulation of neuropilin-1, CAR-T cell therapy,
and CRISPR-Cas9 gene editing.

Prognostic Biomarkers for Treating Gliomas

Gliomas are tumors derived from neuroepithelial cells (e.g., glial cells) and cells with similar
histologic characteristics which together comprise the most common primary tumors affecting the
central nervous system [2]. Previously, these tumors were clumped into “low-grade” and “high-
grade” by the World Health Organization (WHO) grading criterion, using primarily tumor
histological and radiological findings [2,3]. Since the 2016 edition of the WHO classification system,
the parameter for grading began integrating molecular change to guide patients and clinicians [3-5].
While new markers are continually being studied via immunohistochemistry and genomic
sequencing, tailoring a multidisciplinary approach is essential to refining patients’ outcomes by
tailoring the individual management of these heterogenous lesions [6].

Presently, gliomas are based on the 2021 WHO grading system which further evaluates gliomas
for various biomarkers [5]. A glioma can be classified by histopathologic characteristics, such as cell
morphology and glial fibrillary acidic protein (GFAP) staining, and nuclear atypia [5-7]. Molecular
markers may be useful for certain subtypes, but not necessary to characterize all lesions [5]. Grading
for pathologically equivocal lesions can be elucidated with molecular approaches, most commonly
variants of isocitrate dehydrogenase (IDH), as well as the presence or absence of a 1p/19 chromosomal
codeletion which may confer higher grading and worse prognoses, even independently of
histological analysis [8,9]. In the case of larger glioblastomas, the methylation status of the promoter
O6-methylguanine-DNA methyltransferase (MGMT) is also considered as it provides predictive
value to patients’ prognoses and possible response to chemotherapeutic agents [10]. The MGMT
biomarker is also better correlated with IDH-mutant glioblastomas, which may provide an
opportunity for future therapeutic benefit [11].

Astrocytic and oligodendroglial tumors are collectively described as low-grade diffuse gliomas,
largely on their histologic features of proliferation, cytologic patterns, and IDH mutation
commonalities [2,3,5]. Low-grade gliomas include grades 1 and 2, while high-grade gliomas include
grades 3 and 4. Features such as nuclear atypia and increased mitotic features are consistent with
anaplastic (Grade 3) tumors, while vascularization and tumor necrosis are suggestive of
glioblastomas (Grade 4) [5]. Additional neoplastic features correlate with an increase in histologic
grading. The status of IDH-wildtype confers the status of lower grades 2 and 3, while those of IDH-
mutant require further molecular and chemical assays to differentiate a glioblastoma versus a diffuse
glioma, of which these are all grade 4 [8,9].

Currently, the standard management for gliomas follows their grading and includes maximal
surgical resection of tumors with negative margins (when possible) followed by adjuvant series of
chemotherapy and radiotherapy. Surgical intervention may serve for diagnostic and symptomatic
relief but is often limited by the location and not curative for higher-grade gliomas [12]. Patients with
a grade 2 or 3 glioma have been shown to have increased survival alkylation chemotherapeutics, such
as the regimen of procarbazine, lomustine, and vincristine (PCV) in addition to their radiotherapy
[12,13]. Temozolomide (TMZ) has been associated with improved results as adjuvant treatment in
patients with 1p/19q codeletion anaplastic gliomas, and PCV has also been demonstrated to be
effective as adjuvant therapy, especially in gliomas with 1p/19q codeletion mutation when compared
to those without a mutation [14,15]. In general, TMZ is preferred by clinicians and patients since it is
better tolerated, can be administered orally, and has more limited side effect profiles compared to
PCV [15]. Additionally, some studies have shown a benefit of survival in patients with IDH-mutant
grade 4 glioblastomas with TMZ relative to the IDH-wildtype variant, suggesting the potential of
MGMT as a biomarker in glioma management [16]. Various guidelines currently recommend the use
of TMZ over PCV since it is better tolerated due to its oral formulation as well as a smaller side effect
profile [17].
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Current research continues to discover the role of several novel markers and their potential
benefits against gliomas. Chimeric antigen T-cell receptors (CAR-T) including the protein B7-H3, a
cell product involved in lymphocyte activation, have revealed in preclinical findings of antitumor
activity versus a member of the H3 family (e.g., B7-H3, CD276) that is highly expressed glioblastoma
multiforme (e.g., grade 4 gliomas) and pediatric gliomas [18]. Another immune checkpoint involved
in the cellular pathway of glioblastomas is the signal transducer and activator of the transcription-3
(STAT-3) signal transduction pathway. STAT-3 has been found in several studies to be abnormally
overexpressed in glioblastoma tissue [19]. Other studies have shown that inhibitors of STAT3
induced apoptosis in gliomas [20,21]. Given its role in the dysregulation of proliferation in gliomas,
STAT-3 serves as a promising therapeutic target for future studies.

As stated above, various immune checkpoint modulators play an active role in potential
biomarker therapeutics for the management of gliomas. Programmed death-ligand 1 (PD-L1) is a
molecule responsible for suppressing the activity of T-lymphocytes and mediates a tumor cell escape
mechanism from immunosurveillance. A meta-analysis showed a correlation between decreased
expression of PD-L1 and decreased survival from glioblastoma multiforme [22]. Several novel
therapeutics currently undergoing clinical trials, and even more are currently being developed, with
an emphasis on combining alkylating chemotherapy with novel immune regulatory markers
involved in glioma cell signaling events. As MGMT is well described as a biomarker in various
sensitivities to alkylating chemotherapeutics, it may promote effective treatment to various
chemotherapeutics depending on the various biomarkers and sensitivities of different glioma
subtypes [23].

Temozolomide

DNA alkalizing agents are one of the oldest and most prominent classes of drugs used in the
treatment of cancer, especially brain tumors. They act by stopping DNA formation via the addition
of alkyl groups to the specific nucleic acid bases. Temozolomide (TMZ) is a new drug that has shown
positive results in the treatment of brain tumors as a chemotherapeutic alkalizing agent. However,
even though it prolongs survival in patients, the progression and recurrence of the tumor are still
observed [24]. Thus, to improve the anti-cancer properties of TMZ in treating gliomas, it is important
to understand its mechanism of action.

TMZ is a second-generation imidazotetrazine prodrug that, under certain physiologic
conditions, undergoes spontaneous hydrolyzation to its active form, MTIC (3-methyl-(triazine-1-yl)
imidazole-4-carboxamide). Thus, little to no interaction with other drugs is observed due to TMZ not
being metabolized in the liver. As for the mechanism of action, it works by most commonly
methylating the N7 position of guanine, the O°¢ position of guanine, and the N position of adenine
[24,25]. This methylation damages the DNA of tumor cells and aids in their apoptosis.
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Figure 2. The effect of TMZ on DNA in tumor cell lines.

Moreover, these DNA methylations are observed to be effectively repaired by the DNA repair
protein O¢-alkylguanine alkyl transferase (AGT), which is encoded by the human gene O¢-
methylguanine-DNA methyltransferase (MGMT) [26,27]. This protein acts by the base excision repair
(BER) pathway, which counteracts the damage induced by TMZ. Thus, glioma tumor cell lines that
have lower levels of the gene encoding this protein are more sensitive to this drug, whereas the ones
that have higher levels show resistive properties. Because of this reason, targeting the MGMT gene
improves the efficacy of TMZ and improves its anti-tumor properties.

One of the ways to inhibit the function of AGT is by incorporating its inhibitor O%-benzylguanine
(BG) in the treatment regimen of using TMZ for gliomas. The improved efficacy of this combination
therapy is researched by many studies and is seen to be a promising way to treat resistant gliomas
[28-31]. However, there is also clinical evidence suggesting systemic side effects of this combination
therapy (hepatic toxicity, myelosuppression, pulmonary fibrosis, GI side effects) [32]. Thus, future
research should explore the use of this drug combination by potentially limiting its delivery to just
the site of interest and reducing its effects on healthy tissues [32,33].

Furthermore, in terms of using TMZ as a treatment regimen for gliomas, the protocol differs
based on the type of glioma. The major diffused gliomas are classified by WHO based on the
histological typing and grading, and the analyses of molecular markers [34]. For WHO grade II and
I gliomas (mutant), TMZ chemotherapy is a standard adjuvant treatment post-surgery and
radiotherapy [12,35]. For WHO grade IV glioblastoma (wild type), the Stupp protocol is seen to be
beneficial [36].

In terms of Grade II gliomas, one study compared the use of TMZ and its effects on progression-
free survival and overall survival in the patients [35]. The WHO-classified gliomas compared in this
study were grade II astrocytoma (wild type), grade II astrocytoma (mutant type), and grade II
oligodendroglioma. Moreover, the results of this study suggested that there was no significant
difference found between the overall survival of patients with any type of grade II glioma. The
progression-free survival, however, was significantly shorter in patients with grade II astrocytoma
(wild type) compared to the other two [37-41].

Lastly, even though TMZ is widely used in the treatment of gliomas, there are certain prognostic
factors established for this treatment regimen. This includes age, neurological status, the extent of
tumor resection, IDH (isocitrate dehydrogenase) mutations, and inactivation of the MGMT region
(via methylation) [42,43]. Now, despite the established effect of MGMT methylation on TMZ efficacy,
the clinical use of this factor is very poor due to the lack of options for patients with unmethylated
MGMT. One exception to this rule is, however, the younger patients with gliomas [44]. According to
this study, the stratification of MGMT methylation status in younger patients showed a significantly
longer overall survival than in the elderly population [44].

Avastin

There is mounting evidence that malignant gliomas show an exceptionally high degree of
vascularization; therefore, a treatment targeting the tumor microenvironment's angiogenic factors
has become the motivation for engineering pharmaceuticals like Bevacizumab (BEV) which is also
known by its brand name “Avastin” [45-47]. In 2009, the FDA approved this antiangiogenic therapy
for recurrent glioblastoma; previously, in 2004 it was the first-ever authorized agent to target tumor
angiogenesis [48,49]. Currently, this treatment is approved for six types of cancer: metastatic
colorectal cancer, recurrent non-small-cell lung cancer, metastatic renal cell carcinoma, metastatic
cervical cancer, and our focus: recurrent glioblastoma, one type of glioma [50]. BEV is approved as a
monotherapy option in patients with progressive and/or recurrent glioblastoma after previous
therapy has been attempted [51].

BEV is an angiogenesis inhibitor as it halts the growth of blood vessels; it is a humanized
immunoglobulin G monoclonal antibody to vascular endothelial growth factor (VEGF) [47,50].
Malignant gliomas are known to express VEGF on cancer cell surfaces; also, greater expression of
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VEGEF is associated with a poorer prognosis for patients [52-54]. VEGF is known to promote the
tumor’s angiogenesis, vascular mimicry, and vasculogenesis [46]. In the body, BEV binds to VEGF
with high specificity and inhibits VEGF's ability to bind to the VEGF receptors of vascular endothelial
cells. This inhibits the usual downstream activity of VEGF thus reducing tumor blood supply and
inhibiting further tumor vascularization [50,55]. Structural analysis revealed that Gly88 of human
VEGEF is required for BEV to bind [56]. Also, BEV does not initiate ligand structural changes but
interrupts VEGF’s interaction with its receptors sterically [57]. In a mouse model of glioblastoma,
when greater levels of VEGF were found in the serum, there was higher BEV treatment performance
[58]. There is plenty of relevant clinical evidence that supports the use of BEV in recurrent
glioblastoma [50].

Typically, BEV is administered intravenously every 2 weeks with a standard IV dosage of 10
mg/kg. This approved schedule was adopted in May 2009 [59]. The initial infusion usually lasts
approximately 90 minutes to monitor for allergic reaction; however, subsequent infusions can range
from 30 to 70 minutes [50]. One review found similar response and survival rates in 87 patients who
were treated with 5 mg/kg rather than the usual 10 mg/kg [59]. However, the patients who received
5 mg/kg had much lower KPS scores, which is a measure of patient independence following
treatment, and had more adverse events [59]. This medication is administered as long as it continues
to demonstrate benefit to the patient. Common side effects of BEV treatment include hypertension,
proteinuria, and fatigue [60]. However, it is important to note that hypertension during treatment is
a possible biological marker of positive response to BEV therapy [50]. It's thought that the associated
hypertension is due to an increased vascular tone because VEGF-controlled vasodilation is inhibited
by BEV; however, there are other theories about the mechanism of BEV-induced hypertension in
patients [61]. Intracranial hemorrhage has also been observed after BEV treatment in high-grade
glioma patients [62]. It's thought that the potential for hemorrhage originates from BEV-induced
disruption of the endothelial cell structure of the tumor vascular network; however, the observed
rates of hemorrhage are considered nominal [51,62]. However, it is critical to acknowledge that
patients who show signs of intracranial hemorrhage upon imaging and not candidates for BEV
therapy [63].

BEV is not considered “chemotherapy” as it does not directly kill tumor cells; it can be used in
combination with true chemotherapy regimens like lomustine, which hydrolyzes into reactive
metabolites that destroy tumor nucleic acids [64]. One study found that patients suffering from
recurrent glioblastoma saw higher overall survival rates when BEV was combined with lomustine
rather than used as monotherapy [65]. A more recent study that included over 400 patients found
that despite longer progression-free survival, treatment of glioblastoma with BEV and lomustine did
not offer a justified survival advantage over lomustine alone [66]. When BEV was combined with
irinotecan, a topoisomerase I inhibitor, recurrent glioblastoma patients showed greater progression-
free survival, but lower rates of overall survival compared to patients who received BEV
monotherapy [67,68]. A phase 2 clinical study concluded that combining BEV with carboplatin, a
platinum-containing cytotoxic drug, resulted in too much toxicity to justify any clinical benefit [69].
BEV used in combination with cytotoxic treatments has also been shown to greatly reduce the size of
glioma tumors and prevent the need for corticosteroids [70]. One 2017 meta-analysis, made up of four
clinical trials and 607 patients, found that BEV combined with another chemotherapy treatment
(irinotecan, carboplatin, and lomustine) significantly increased patients’ progression-free-survival
rates compared to the use of BEV monotherapy or chemotherapy alone [71]. BEV treatment has also
demonstrated its usefulness in reducing patients’ need for glucocorticoid supplementation to treat
cerebral edema [72]. Currently, BEV monotherapy is considered a well-tolerated treatment option for
recurrent glioblastoma patients [68]. The topic of BEV therapy combinations still requires exploration.

Unfortunately, the prolonged use of BEV can result in resistance to the medication. This
resistance is thought to be the tumor’s activation of neovascularization pathways that are not yet
targeted by anti-angiogenic treatments [46]. These vascularization pathways, like vascular mimicry,
require more exploration to ensure recurrent glioma patients receive the best possible care [46].
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Bevacizumab binds to VEGF inhibiting tumor angiogenesis.
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Figure 3. Mechanism of Bevacizumab to Inhibit Tumor Angiogenesis.

Emerging Immune Modulators

Within the central nervous system (CNS), microglia play an important immunologic function.
These cells serve as an early line of defense for the brain and migrate to inflammatory regions of the
CNS to mount an immune response [73]. They serve as phagocytes and antigen-presenting cells while
also releasing chemokines and cytokines to promote the recruitment of other cells [74]. The blood-
brain barrier poses a challenge for the use of cancer immunotherapy as it contains tight junctions
which restrict the ability of drugs to pass through [75]. Additionally, the CNS has a lower number of
T lymphocytes and lacks a lymphatic system [73].

High-grade gliomas are the most common primary tumors within the CNS [76]. Gliomas include
anaplastic gliomas and glioblastomas [76]. Glioblastomas lead to a disorganized blood-brain barrier
[77,78]. The tight junctions of the endothelial cells are broken down as tissue injury occurs, allowing
the entry of leukocytes into the CNS [73]. Immune suppression occurs in patients with glioblastoma
as the tumor microenvironment secretes immunosuppressive factors such as transforming growth
factor beta (TGF-{) and vascular endothelial growth factor (VEGF) [79]. These factors prevent T cell
proliferation and suppress their cytotoxic functions, while also preventing the maturation of
dendritic cells [73,80,81]. In patients with glioblastoma, immunosuppression plays a key role in the
progression of the tumor. Therefore, finding a method in which immunosuppression may be
reversed offers a promising approach to improving patient outcomes and stopping tumor
progression. Immunotherapy is a form of treatment that involves the activation of the host’s immune
system to recognize and target cancer cells [82].

One form of immunotherapy includes the use of vaccines, which boost the patient’s immune
system by exposure to an antigen. Vaccination is a form of active immunization and can be
approached in two ways: cell-based therapy or peptide-based therapy [83]. Peptide-based therapy
involves the injection of peptides as a vaccine to create an immune response. The selected peptides
for vaccines are small and bind to MHC class I molecules, activating cytotoxic T cells [73]. Epidermal
growth factor receptor (EGFR) IIl type mutant is the most common tumor-specific antigen in
glioblastomas and is expressed in around 20-30% of tumors [84]. In the 1990s, the CDX-110 peptide
vaccine was developed against tumor-specific antigens and although patients receiving the vaccine
experienced a good humoral response, the vaccine did not significantly improve overall survival [85].
In cell-based immunotherapy, antigen-presenting cells, primarily dendritic cells, primed by the
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tumor are used to initiate an immune response [86]. Currently, the United States, Europe, and Japan
are investigating the role of dendritic cell vaccines in the treatment of gliomas [87]. One phase II
clinical trial found that the vaccine improved the survival of patients with glioblastoma but there
haven’t been any phase III clinical trials and the cost of producing the vaccine is a limiting factor [84].
Current developments of dendritic cell vaccines involve pretreatment of vaccine sites with dendritic
cells expressing cytomegalovirus phosphoprotein 65 RNA that leads to improvement of survival
times and lymph node homing in mice models [88]. Although the development of vaccines for
gliomas is limited, it offers a promising route for the management of gliomas. Further research is
needed into optimizing a vaccine, but it offers a therapeutic approach with promising potential.

Immune checkpoints are used to control the movement through the cell cycle and affect the
activation and inhibition of T cells [89]. In gliomas, CTLA-4 and PD-1 have been identified as immune
checkpoint molecules [90]. PD-1 is expressed by T cells and interacts with PD-L1 on tumor cells. This
interaction prevents the T cell from removing the tumor cell. As of 2014, the FDA has approved the
use of immune checkpoint PD-1 targeting [82]. Mice models and human trials demonstrate that
patients receiving anti-PD-1 therapy had an improved survival [91]. Ipilimumab was approved for
use by the FDA in 2011 and is a monoclonal antibody that targets CTLA-4, a checkpoint molecule
[82]. CTLA-4 acts to prevent T cells from eliminating other cells and to keep the immune system in
check. However, this is disadvantageous in tumors. Additionally, more CTLA-4 expressed in gliomas
was associated with a higher grader and severity, resulting in a poorer prognosis [92,93]. Ipilimumab
works by preventing CTLA-4’s interaction with B7, allowing for T cell activation and proliferation
[94]. In preclinical models, Ipilimumab has demonstrated a robust T-cell response, a decrease in
tumor size, and increased survival [93,95,96]. One study investigated the addition of Ipilimumab with
Nivolumab in treating glioblastomas in patients and found that patients were better able to tolerate
Nivolumab alone rather than the combination [97]. Although Ipilimumab serves as a promising
approach, further data is needed along with safety and dosing investigation.

Neuropilin-1 (Nrp1) is a co-receptor found on the surface of macrophages and microglia [98].
Nrp initiates angiogenesis in the tumor microenvironment [99]. Deletion of Nrp1 from myeloid cell
types suppresses tumor growth by slowing tumor angiogenesis [99]. One study in mice removed
Nrpl and found that tumors in mice not expressing Nrpl grew at a slower rate and demonstrated
less vascularity [99]. Additionally, mice not expressing Nrpl showed longer survival times [99].
Treatment with EG00229, a small molecule inhibitor of Nrpl’s bl domain, yielded anti-
tumorigenicity [99]. In humans, higher expression of Nrp1 is associated with a poorer prognosis of
gliomas, therefore, research into how to target Nrpl in gliomas offers a promising approach [100].
However, further research is needed in clinical trials.

Another type of immunotherapy used in the treatment of gliomas is chimeric antigen receptor
(CAR) T-cell therapy [101]. CART therapy involves the extraction of a patient’s T cells and the
engineering of them to express a receptor to an antigen [101]. The T cells are then inserted back into
the patient. CART therapy offers an advantage as T cells can enter the CNS and eliminate tumor cells
[102]. One common antigen targeted by CART therapy is EGFR, which is overexpressed in over 50%
of gliomas [103]. However, the overall median survival following treatment was 6.9 months [104].
Although preclinical data shows promising results, clinical trials haven’t yielded the same results
[101]. Antigen escape was a noted issue and current research is addressing this limitation by adding
multivalent receptors to CAR T cells or through the use of combination therapy [101]. Further
research is needed into the glioma microenvironment and the identification of glioma-specific
antigens for CART therapy.

Gliomas are aggressive brain tumors with a high mortality rate. Gliomas rapidly progress and
often develop resistance to therapies; therefore, the development of new therapeutics is crucial in
glioma management. The development of oligonucleotides for the treatment of gliomas offers a
promising approach as they’re able to penetrate the disrupted blood-brain barrier [105].
Oligonucleotides are short DNA or RNA-based synthetic polymers which affect the functions of
nucleic acids [105]. Recent studies demonstrate that the use of oligonucleotides could activate gene
transcription and provide an opportunity for genome-editing techniques [106,107]. Gene editing
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techniques offer a promising route through treating gliomas by deleting oncogenes, correcting
mutations, and activating tumor suppressors [105]. Current research in mice models demonstrates
efficacy and feasibility of using CRISPR-Cas9 gene editing in glioblastomas [105]. However, further
research is needed to validate results along with clinical trials.
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Figure 4. Inmunotherapy approaches for the treatment of gliomas.

Ongoing Clinical Trials

Treating gliomas, a complex and intricate process, involves considering tumor characteristics,
patient factors, and preferences. Various literature explores ongoing clinical trials for glioma
treatment, focusing on chemotherapy and immune modulators. More research is needed to refine
these approaches for safety and effectiveness. Treatments fall into three categories: combination
therapy with chemotherapy and immune checkpoint inhibitors, chemotherapy with adoptive cell
therapy, or cancer vaccines. New diagnostic methods include combinations like Temozolomide and
Nivolumab. Recurrent gliomas are treated with Atezolizumab and Bevacizumab or Temozolomide
and Pembrolizumab. Trials evaluate standardization and synergistic effects of chemotherapy and
immune checkpoint inhibitors, enhance the immune response through adoptive cell therapy, and
stimulate targeted glioma cells with chemotherapies and cancer vaccines. Results suggest improved
efficacy by leveraging chemotherapy's cytotoxic effects and immune modulators' properties,
potentially reducing toxicity with lower doses. Personalized medicine, treatment resistance, and
biomarkers are explored for tailored therapies. These treatments guide decisions and improve
specificity in personalized therapies for patients.

Temozolomide (TMZ), an alkylating agent, is taken orally as a chemotherapy drug primarily
used in specific brain tumors like gliomas. Molecularly, TMZ has a chemical structure consisting of a
5-carbon tetrazole ring with a methyl group (CH3) and a methyltriazenyl group (N3C-N=NC)
[36,108,109]. This water-soluble prodrug of MTIC is optimally stable per a neutral pH condition and
active at physiological pH conditions. Its development aimed to treat brain tumors and better the
efficacy of penetration across the blood-brain barrier. This outcome usually leads to MTIC
undergoing further degradation and forming reactive methyl diazonium ions that alkylate DNA,
leading to DNA damage and ultimately tumor cell death, causing lymphopenia and affecting the
function of immune cells, but it may also enhance antitumor immune responses when combined with
certain immunotherapies. The timing and dose of temozolomide treatment are important factors in
determining its effects on the immune system. Various factors such as tumor grade, molecular
characteristics, patient age, and overall health are considered when determining the outcome of TMZ
treatment. Being that this treatment is multifaceted, the treatment outcome of TMZ has been known
to lead to a decrease in certain immune cell types, particularly CD4 T cells, and B cells, which can
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impact the immune response. This effect is further magnified when combined with radiation therapy
[36,108,109]. Overall, the outcomes of temozolomide chemotherapy in gliomas involve a complex
interplay between immune cell depletion, potential enhancement of antitumor activity, improved
antigen presentation, and modulation of immunosuppressive cells. It highlights the need for further
research to fully understand and optimize the immune-related effects of temozolomide treatment in
glioma patients.

Bevacizumab, or Avastin, is a chemotherapy drug commonly used for treating gliomas. It is a
monoclonal antibody that has been utilized in the treatment of various cancers. To fully comprehend
the specific use of Avastin in chemotherapy and its outcomes, it is essential to consider its chemical
properties, drug development, pharmacokinetics, and pharmacodynamics. Bevacizumab is a
recombinant humanized monoclonal IgG1 antibody with a molecular weight of 149 kDa [110]. It was
developed by Roche and Genentech with the aim of targeting angiogenesis, a process facilitated by a
protein called VEGF. By inhibiting VEGF activity, Bevacizumab impedes the growth of blood vessels
that supply tumors. The pharmacokinetic characteristics of Bevacizumab include intravenous
administration and constant clearance rates at different doses. It is eliminated through proteolytic
degradation. Pharmacodynamically, Bevacizumab disrupts the binding interactions of VEGF,
leading to reduced angiogenesis and blood supply to tumors. Additionally, it normalizes tumor
vasculature, facilitating the delivery of chemotherapy drugs to tumors [111]. Clinical trials have
shown that Bevacizumab may offer modest benefits over other treatments for recurrent gliomas,
particularly when combined with other agents like irinotecan. However, it is associated with
potentially severe side effects such as gastrointestinal perforation, wound-healing complications,
hemorrhage, and blood clots. The effectiveness of Bevacizumab in the initial treatment of
glioblastoma is still under debate, and caution should be exercised when using it for recurrent cases.
Further research is needed to determine the optimal approach, as different treatment options,
including reoperation, alternating electric field therapy, chemotherapy, stereotactic radiotherapy,
and combinations of these modalities, are being explored. While Bevacizumab and stereotactic
radiotherapy or radiosurgery may offer some benefits for recurrent malignant gliomas, a consensus
on the best approach has yet to be reached.

Glioma treatment, including immune therapies, is an active area of research with ongoing
clinical trials. Immune checkpoint inhibitors (ICIs), immune modulation of Neuropilin-1, vaccines,
and Chimeric Antigen Receptor T-cell (CAR-T) therapies show promise in various cancers. However,
their efficacy in gliomas is still being investigated. ICIs like pembrolizumab and nivolumab have
shown significant success in certain cancers but limited effectiveness in gliomas. Combination
therapies with immunotherapies are being explored to enhance efficacy. Further clinical trials that
aimed to evaluate the ICIs as monotherapy in gliomas have shown modest response rates, and
combination therapies with immunotherapies have shown the potential to enhance efficacy [112].
Further research intends to navigate and explore predictive biomarkers that aid complementary
selectivity for patients who are more likely to respond to checkpoint inhibitors. Inmune modulation
of Neuropilin-1, a protein involved in various cellular processes, including angiogenesis and immune
regulation, and vaccine-based immunotherapies have shown potential in enhancing antitumor
immune responses [113]. However, further research is needed to assess their efficacy and safety in
gliomas. In gliomas, NRP-1 may assist in overcoming immunosuppressive mechanisms. At the same
time, in vaccine-based immunotherapies, this enhancement is achieved by stimulating the immune
system to recognize and attack tumor cells by presenting tumor-specific antigens [114]. Glioma
treatment with Chimeric Antigen Receptor T-cell (CAR-T) involves the genetic modification of a
patient's T cells to express a receptor that targets specific antigens present in tumor cells. CAR-T cell
therapy has demonstrated remarkable success in hematological malignancies but faces challenges in
solid tumors, including gliomas [114]. Ongoing studies explore CAR-T cell therapy targeting specific
antigens in gliomas, but significant efficacy in solid tumors is yet to be established. Further
investigation and optimization of these approaches are needed to improve treatment outcomes in
gliomas.

Conclusion
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In this discussion on the use of immune modulators and chemotherapeutics as viable options
for the treatment of glioblastomas, this manuscript first delved into the nature of the malignancy as
well as the role of prognostic biomarkers used prior to deploying said treatment. As previously
mentioned, these biomarkers are crucial prognostic components that complement risk stratification,
treatment monitoring, and disease progression. These biomarkers serve a dual responsibility of
identifying characteristic markers expressed by a given neoplasm which allows focused targets for
both immune modulation and chemotherapeutics. Thus, this discussion of biomarkers served as a
segue into the utility of two prominent cancer therapies, namely temozolomide (TMZ) and
bevacizumab (BEV). The first of these agents, TMZ, is a powerful DNA alkalizing agent that has
served as a mainstay of glioma treatment. Nonetheless, due to limiting effects such as patient MGMT
expression levels, TMZ administration is not foolproof. In contrast to the chemotherapeutic
mechanisms of TMZ action, BEV, more well-known as Avastin, is a powerful antiangiogenic therapy
for recurrent glioblastoma treatment. Although not considered chemotherapy, BEV has
demonstrated some therapeutic benefit when coupled with true chemotherapy regimens and even
other cytotoxic treatment options. Notably, however, there are numerous studies within the literature
suggesting no justifiable survival advantage to BEV’s coadministration alongside traditional glioma
treatment, and even toxic events across a few studies. Nonetheless, BEV monotherapy is considered
well-tolerated for recurrent glioblastoma patients and harbors the unique ability to reduce cerebral
edema in this group.

Considering the aforementioned shortcomings of modern chemotherapeutic and
chemotherapeutic-like agents, the role of emerging immune modulators was thoroughly explored in
the latter half of this discussion. Specifically, via the activation of the patient’s native immune system,
immunotherapy has the potential to guide a mounted attack on “foreign” cancer cells. A few
strategies discussed are the use of vaccinations to achieve the above-mentioned effect, the
manipulation of cellular checkpoints such as CTLA-4 and PD-1, and co-receptor modulation of
neuropilin-1 found on the surface of macrophages and microglia. Furthermore, more recent types of
immunotherapies entail the treatment of gliomas with CAR-T cell therapy and prospectively
CRISPR-Cas9 gene editing, with the latter tactic still in the early stages of product development.
Finally, this discussion ends with an evaluation of ongoing trials in the context of chemotherapy
treatment and immune therapies such as the ones detailed in the preceding sections. Overall, the
employment of TMZ and BEV has been supported in the literature, however, more research is
necessitated to fully optimize regimens and to avoid immune- and toxicity-related effects of these
drugs. Moreover, an even closer consideration is warranted for current immunotherapies as they are
in their infancy compared to TMZ and BEV. Thus, although promising emerging treatment options,
therapies involving cancer vaccines, ICIs, immune modulation of neuropilin-1, CAR-T, and CRISPR-
Cas9 technology require further investigation into their long-term efficacy and utility in treating
gliomas.
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