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Abstract
The primary treatment for gliomas typically involves tumor resection followed by adjuvant radiotherapy,
with increasing emphasis on chemotherapy and molecularly targeted drugs. This study aimed to review and
summarize the literature on the systemic therapy of malignant gliomas. Chemotherapy may be considered in
grades 2 and 3 gliomas, especially when mutations in 1p19q-codeletion are detected. The beneficial impact
of adding chemotherapy to radiotherapy (PCV: procarbazine, lomustine, vincristine) has also been
demonstrated. In grade 4 glioblastoma multiforme (GBM), wild-type isocitrate dehydrogenase (IDH) status
showed the best treatment outcomes with temozolomide (TMZ) in patients with O-6-methylguanine-DNA
methyltransferase (MGMT) promoter methylation. Prolonging adjuvant TMZ therapy improves treatment
outcomes compared to the standard 6-cycle adjuvant therapy. Bevacizumab (BEV) monotherapy can
improve progression-free survival and maintain the initial quality of life. Despite advancements in GBM
treatment, outcomes remain unsatisfactory, with a median survival of 14-16 months. Further research is
still needed regarding the systemic treatment of central nervous system gliomas.
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Introduction And Background
Gliomas are a diverse group of tumors that arise from glial cells in the central nervous system (CNS),
representing 26.3% of all primary brain and CNS tumors diagnosed in the United States. Among them,
glioblastomas are the most common and aggressive subtype, accounting for 50.9% of all malignant brain
tumors [1]. Gliomas can occur at any age, but their incidence peaks in adults between the ages of 45 and 64
years. They are more common in males, with a higher incidence rate compared to females. Additionally, non-
Hispanic populations have a higher incidence of gliomas compared to Hispanic populations [1].

The prognosis for gliomas varies greatly depending on the tumor's grade, with low-grade gliomas generally
having a better outlook. In contrast, glioblastomas are highly aggressive, with only 35.7% of patients
surviving five years after diagnosis [1]. The epidemiology of gliomas, particularly glioblastomas, underscores
their significant impact on public health due to their high mortality and aggressive progression.

The current classification of gliomas is governed by the fifth edition of the World Health Organization's
Central Nervous System Tumor Classification (WHO CNS5). It considers tumor malignancy grade,
histopathological type, and subtype, as well as molecular biomarkers [2].

Of paramount clinical significance is the assessment of glioma malignancy, relying on the evaluation of five
histopathological criteria, assigning a grade from 1 to 4, where grade 1 is the least aggressive and grade 4 is
the most aggressive glioma (Table 1) [2].
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Grades Histopathological characteristics Aggressiveness

1 Does not meet grade 2 criteria. Least aggressive

2
Moderately increased cellularity, sporadic nuclear atypia, absence of mitotic activity or presence of
1 mitosis, no necrosis.

Low-to-moderate
aggressiveness

3
Increased cellularity, distinct nuclear atypia, prominent mitotic activity, no necrosis, no endothelial
proliferation.

Moderately aggressive

4
High cellularity, marked nuclear atypia, high mitotic activity, presence of necrosis, endothelial
proliferation.

Highly aggressive

TABLE 1: WHO glioma grading and characteristics.

The WHO does not recommend specific molecular assessment for individual lesions unless necessary for
diagnosing a distinct tumor type or subtype [2-4]. The classification, adhering to traditional neuro-
oncological divisions, assigns one or more possible WHO grades to glioma types (Table 2) [2].

Glioma type WHO grade

Polymorphous low-grade neuroepithelial tumor of the young 1

Diffuse astrocytoma, MYB- or MYBL1-altered 1

Myxopapillary ependymoma 2

Supratentorial/posterior fossa ependymoma 2, 3

Oligodendroglioma, IDH-mutant, and 1p/19q-codeleted 2, 3

Pleomorphic xanthoastrocytoma 2, 3

Astrocytoma, IDH-mutant 2, 3, 4

Glioblastoma, IDH-wildtype 4

Diffuse hemispheric glioma, H3 G34-mutant 4

TABLE 2: Grades of selected glioma types according to WHO CNS.

Various therapeutic approaches are currently employed depending on the glioma grade, and the
customization of systemic therapy based on specific mutations becomes increasingly important. Treatment
outcomes remain unsatisfactory, particularly for grade 4 gliomas, where median survival is estimated at 11-
12 months despite optimal treatment [5]. This study aimed to review the literature and summarize
knowledge regarding systemic therapy for malignant gliomas. We performed a comprehensive literature
review using the PubMed electronic database to identify the most significant studies related to the systemic
treatment of gliomas, particularly in grades 2-4. Our search strategy included keywords related to glioma
subtypes, molecular markers (such as IDH mutations and 1p/19q co-deletions), and systemic therapies
including therapeutics like temozolomide, PCV, and bevacizumab. The search was supplemented by
reviewing the bibliographies of key articles to ensure a thorough inclusion of relevant clinical trials and
updated treatment protocols.

Review
Grade 1 gliomas
In the treatment of grade 1 gliomas, systemic therapy is not employed. Instead, surgical treatment and
radiotherapy are utilized. Therefore, their treatment will not be considered in this review [6].

Grades 2 and 3 gliomas
Given the similar characteristics of WHO grade 2 and 3 gliomas and their frequent conflation in numerous
studies, we have opted to discuss these two types and their respective treatments within a unified section.
This category encompasses glioma types such as ependymoma, oligodendroglioma, pleomorphic
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xanthoastrocytoma, and isocitrate dehydrogenase (IDH)-mutant astrocytoma, as delineated in Table 2.
These tumors are characterized by their ability for extensive infiltration and malignancy, which leads to
disease progression in subsequent recurrences [6].

Research indicates that molecular markers such as IDH mutations (IDHmt) and 1p19q deletion (1p19q-
codeletion) provide more precise prognostic information for patients with gliomas than previous methods,
which relied largely on histopathological features. IDH1 and IDH2 are enzymes that play a critical role in
cellular metabolism. Mutations in these genes are frequently found in low-grade gliomas, such as
astrocytomas and oligodendrogliomas, and they cause the production of an oncometabolite, 2-
hydroxyglutarate (2-HG) [7]. This oncometabolite interferes with normal cellular function and promotes
tumor growth by altering gene regulation and cell differentiation. Tumors with IDHmt and 1p19q-
codeletion are termed "molecular oligodendrogliomas" and tend to have a favorable prognosis. Those with
IDHmt but without the 1p19q-codeletion are referred to as “diffuse astrocytomas with IDHmt” or “molecular
astrocytomas,” with an intermediate prognosis. In contrast, tumors without IDH mutations (IDHwt) are
termed “diffuse astrocytomas with IDHwt” or “molecular glioblastomas,” and they generally behave more
aggressively, similar to glioblastomas, which are classified as grade 4 by the WHO [8]. This shift in diagnostic
approach has made it more challenging to distinctly differentiate between grade 2 and 3 gliomas, but it has
greatly improved prognostic accuracy [6,8].

As per the Polish Society of Clinical Oncology (PTOK) guidelines, the fundamental treatment approach is the
surgical removal of the tumor, followed by active observation or radiotherapy in high-risk patients [6]. This
approach is also endorsed by the European Association of Neuro-Oncology (EANO) [9]. In cases of
recurrence and oligodendroglioma progression, chemotherapy may be considered, particularly in the
presence of 1p19q-codeletion mutations [6]. Recent studies suggest that using chemotherapy as an adjunct
to first-line treatment alongside radiotherapy offers benefits, including improved progression-free survival,
reduced tumor recurrence, and enhanced overall treatment efficacy [10,11]. The preferred chemotherapy
options include either temozolomide (TMZ) or a PCV regimen (procarbazine, lomustine, vincristine) [12].

The RTOG9802 study focused on patients with low-grade gliomas, grade II, who were divided into two
groups - high and low risk. High-risk patients were randomly assigned to either a group receiving
radiotherapy (RT) or a group receiving radiotherapy and chemotherapy with drugs - procarbazine, lomustine,
vincristine (RT + PCV). The study results showed that adding chemotherapy significantly extended
progression-free survival (PFS) but did not impact overall survival (OS); there were no significant
differences in two-year survival. However, three-year and five-year survival rates were 10-15% higher for the
RT + PCV group. Shaw et al. suggested that chemotherapy should be considered for low-risk patients who
meet certain criteria [10]. A reanalysis of the RTOG9802 study in 2014, after an average observation time of
11.9 years, showed that patients treated with radiotherapy and chemotherapy according to the RT+PCV
regimen had a significantly longer OS compared to patients treated with radiotherapy alone (13.3 years vs.
7.8 years), as well as longer PFS (10.4 years vs. 4.4 years) [11]. The RTOG study proved the superiority of
combined therapy - RT + PCV over RT monotherapy [10,11].

The bevacizumab (BEV) treatment, often used in recurrent grade 2 and 3 gliomas according to the WHO
classification, was evaluated in the TAVAREC study. This study focused on patients experiencing their first
recurrence without the coexistence of 1p/19q deletions. The study involved 155 patients, but it was
concluded that there is no significant evidence of improved survival time with the combined treatment of
BEV and TMZ, compared to therapy with TMZ alone as the OS was reported as 12.9 months in the
temozolomide (TMZ) plus bevacizumab (BEV) group and 14.8 months in the TMZ-only group [13].

The German NOA-04 study, which included 318 patients with anaplastic glioma, demonstrated similar
effectiveness of chemotherapy and radiotherapy. In this study, chemotherapy regimens TMZ and PCV were
used. Patients were divided into the following two groups: (A) receiving radiotherapy and (B) receiving
TMZ/PCV chemotherapy. These groups were balanced in terms of the histological characteristics of the
tumor. In case of disease progression, patients from group A received one of the chemotherapy regimens,
while those from group B received radiotherapy. The median overall survival (OS) was eight years in the
radiotherapy group (A) and 6.5 years in the chemotherapy group (B). The median progression-free survival
(PFS) was 2.5 years in the radiotherapy group and 2.7 years in the chemotherapy group. OS, PFS, and time to
treatment failure were similar in both groups [14].

Molecular analyses conducted within the RTOG 9802, RTOG 9402, and EORTC 26951 studies indicate a varied
impact of PCV therapy depending on the genetic profile of tumors. The greatest benefits of therapy are
observed in patients with 1p19q deletion, and less so in those without this deletion (1p19q-noncodeletion)
[15-17]. In the case of tumors with the wild-type form of IDH, no significant benefits are observed from PCV
therapy [15,16]. Similarly, the NOA-04 study showed that among patients with 1p19q-codeletion,
monotherapy with PCV is associated with better PFS than monotherapy with TMZ [14]. This suggests that
1p19q-codeletion predicts better outcomes with PCV. However, it is estimated that 30-50% of patients
discontinue the full course of PCV due to toxicity. For this reason, some centers prefer to administer TMZ,
which is better tolerated [15,17,18]. Additionally, there is a question of whether vincristine significantly
improves effectiveness, considering its poor penetration through the blood-brain barrier and high toxicity
[19]. Consequently, some centers administer only procarbazine and lomustine, though comparative data on
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this approach are lacking [20]. The ongoing CODEL study is directly comparing radiotherapy + PCV or TMZ in
patients with 1p19q-codeletion (NCT00887146) [21].

The INDIGO trial, a phase 3 study involving 331 patients with residual or recurrent grade 2 IDH-mutant
gliomas, demonstrated the efficacy of vorasidenib, an oral, brain-penetrant inhibitor of mutant IDH1 and
IDH2. Patients were divided into two groups as follows: those receiving vorasidenib and those receiving a
placebo. The groups were balanced in terms of tumor characteristics. The PFS was 27.7 months in the
vorasidenib group, compared to 11.1 months in the placebo group. This extension of PFS allows patients to
delay treatments such as radiation and chemotherapy, which are associated with cognitive side effects [22].
Vorasidenib's ability to postpone these treatments while maintaining quality of life makes it a critical
advancement in the management of low-grade gliomas [23].

There is evidence suggesting that the following treatment methods are suitable for grade 2 or 3
oligodendrogliomas: radiotherapy with PCV [15-17,24], radiotherapy followed by chemotherapy with TMZ,
concurrent radiotherapy with TMZ, and radiotherapy with both concurrent and adjuvant use of TMZ [21,25-
27].

The primary treatment methods for grade 2 and 3 gliomas focus on surgical resection and radiotherapy, with
chemotherapy used upon recurrence [6,9]. Overall, studies indicate a positive impact of systemic treatment
in the therapy of these tumors even at early stages [10,11]. The most commonly used chemotherapeutic
drugs include TMZ and the PCV sequence (procarbazine, lomustine, vincristine), recommended both as first-
line therapy and for recurrent disease [12]. The addition of PCV chemotherapy to radiotherapy has been
observed to prolong progression-free survival duration approximately 2.35 times [10,11]. Treatment also
utilizes information about the tumor's molecular profile, which has significant prognostic importance and
can influence the effectiveness of applied therapies, especially in the context of IDH mutations and 1p/19q
deletions [15-17]. Additionally, vorasidenib, an IDH1/IDH2 inhibitor, has shown efficacy in extending
progression-free survival in patients with IDH-mutant gliomas, providing an opportunity to delay
treatments like radiation and chemotherapy, thus preserving cognitive function [22,23].

Grade 4 gliomas
According to the current WHO CNS classification of gliomas in 2021, among grade 4 diffuse gliomas in
adults, we can distinguish grade 4 glioblastoma multiforme (GBM) IDH wild type, diffuse hemispheric glioma
with H3 G34 mutation, and in some cases, astrocytoma with IDH mutation, previously diagnosed as a
multifocal glioma with IDH mutation. Among these tumors, GBM is by far the most common, being
simultaneously the most common primary tumor of the central nervous system [2]. The main predictors of
survival for GBM are age, Karnofsky Performance Scale (KPS), and O-6-methylguanine-DNA
methyltransferase (MGMT) status [28,29].

First-line treatment for GBM involves macroscopic total resection, if possible, followed by adjuvant
radiotherapy with concurrent and adjuvant chemotherapy [30]. Despite advances in concurrent adjuvant
therapy, treatment outcomes remain unsatisfactory, with OS of approximately 14 to 16 months. The patient
population affected by the disease is highly heterogeneous, and outcomes vary depending on the patient and
tumor [31]. The most commonly used systemic therapy for GBM is TMZ, which belongs to the group of
alkylating cytostatic drugs that penetrate the blood-brain barrier. It is an oral prodrug that undergoes
spontaneous hydrolysis to the active anti-cancer drug in the alkaline environment of gliomas, inhibiting the
activity of MGMT, an enzyme involved in DNA repair. This effect can be significant, as there is a link
between low MGMT activity in tumor cells and longer survival in GBM patients [32,33]. In the group of
patients with MGMT promoter methylation, those treated with temozolomide and radiotherapy had better
survival outcomes; their OS was 21.7 months, compared to 15.3 months in patients who only received
radiotherapy. In the absence of MGMT promoter methylation, there was a smaller and statistically
insignificant difference in survival between the treatment group [34]. The standard chemotherapy regimen
consists of six cycles of TMZ. A meta-analysis comparing the results of seven phase 2 clinical trials
(including 1018 patients) evaluating the effect of extended adjuvant TMZ therapy (more than six cycles) vs.
standard adjuvant TMZ therapy (exactly six cycles) in patients with newly diagnosed GBM showed an
increase in PFS (18.8 months vs. 12.1 months, respectively) and OS (24.1 months vs. 18.1 months,
respectively) in patients who received extended therapy [35]. This suggests that extending therapy may be
clinically beneficial, but additional studies are needed to determine the optimal duration of treatment.

GBM is a highly vascularized tumor and is also rich in vascular endothelial growth factor (VEGF), which
promotes the formation of new blood vessels [36]. Therefore, the use of BEV, a humanized monoclonal
antibody against VEGF, has been proposed. The results of several randomized controlled trials evaluating
the role of BEV in the treatment of newly diagnosed GBM patients did not show a positive impact of BEV on
OS but did show an improvement in PFS and maintenance of the initial quality of life. A phase 3 study by
Gilbert et al. included patients treated with standard chemoradiotherapy with TMZ, who were assigned to
two compared groups as follows: one of them additionally received BEV and the other a placebo. PFS was
longer in the BEV group (10.7 months compared to 7.3 months), but no significant difference in OS time was
observed between the BEV and placebo groups (median 15.7 and 16.1 months, respectively) [37]. In a similar
phase 3 study by Chinot et al., PFS was longer in the BEV group than in the placebo group (10.6 months
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compared to 6.2 months), but OS did not significantly differ between the groups [38]. In a meta-analysis
by Ameratunga et al. (11 studies, 3743 participants), all analyzed studies showed no improvement in overall
survival with the addition of anti-angiogenic therapy (eight studies, 2833 participants; high-certainty
evidence; three studies, 910 participants; moderate-certainty evidence). However, a pooled analysis from 10
studies (3595 participants) showed improvement in PFS with the addition of BEV [39]. A phase II randomized
trial, GENOM 009, which analyzed the effects of adjuvant therapy with the combination of BEV + TMZ,
showed longer PFS and OS in the TMZ + BEV arm compared to TMZ monotherapy, although the difference
did not reach statistical significance. It was also observed that more patients in the TMZ + BEV group
experienced toxicity, but this difference was also not statistically significant [40]. In another clinical trial,
higher OS (14.9 vs. 22.1 months) was demonstrated in patients treated with the combination of BEV + TMZ
as first-line therapy compared to TMZ monotherapy, especially in patients without MGMT methylation [41].

Recurrent GBM (rGBM) remains a significant difficulty in treatment, with no universally accepted standard
of care. Depending on the availability of resources, clinical situation, and local standards, possible therapies
include re-treatment with TMZ, monotherapy with nitrosourea alkylating agents (such as lomustine or
fotemustine), monotherapy with BEV, or polychemotherapy such as PCV [42].

In clinical trials, BEV has shown satisfactory activity against rGBM, either alone or in combination with
irinotecan, with similar PFS rates and median OS was 9.2 months and 8.7 months [43]. A phase 3 trial,
EORTC 26101, evaluating the combination of BEV and lomustine in rGBM patients, showed that despite
slightly longer PFS, BEV + lomustine treatment did not provide an improvement in survival compared to
lomustine monotherapy [44]. However, in the phase II BELOB study, the superiority of lomustine
monotherapy over bevacizumab (BEV) monotherapy was demonstrated, as well as the justification for using
combined therapy. Patients with the first recurrence of GBM after chemoradiotherapy with TMZ were
randomly assigned to one of the following three groups: a group treated with lomustine every six weeks, a
group treated with bevacizumab every two weeks, or a group receiving combined treatment with lomustine
every six weeks and bevacizumab every two weeks. The median OS was eight months in the lomustine
group, eight months in the BEV group, and 12 months in the combined BEV and lomustine group [45].

In several phase 2 trials, combinations of BEV with other drugs such as carboplatin, panobinostat,
temsirolimus, sorafenib, and vorinostat were analyzed, but none showed an improvement in outcomes
compared to BEV monotherapy [46-50].

Promising results were presented by authors of a retrospective study using a three-drug therapy with TMZ,
BEV, and irinotecan (TBI) in the treatment of rGBM patients; the study also included tumor treating fields
(TTFields) - electric fields transmitted transdermally to tumors that show antimitotic effects, approved for
GBM treatment [51]. In this trial patients were divided into the following two groups based on the
chemotherapy received: TBI with TTFields (TBI+T) compared to chemotherapy based on BBC regimens (BEV,
BEV + irinotecan, or BEV + lomustine) + TTFields (BBC+T). The median OS and PFS for rGBM patients who
received TBI+T were 18.9 and 10.7 months, respectively. In comparison, for patients receiving BBC+T
therapy, the median OS was 11.8 months, and PFS was 4.7 months. Although the median PFS results differed
significantly by 1.5 months (6.6 vs. 5.1) between the TBI+T and BBC+T groups, the median OS difference of
14.7 months (32.5 vs. 17.8) was more pronounced, with p<0.05. The study was conducted on a small sample
of 48 patients, so further prospective studies are needed to confirm the validity of using three-drug therapy
in rGBM [51].

Grade 4 gliomas due to their poor prognosis among CNS tumors represent the greatest therapeutic
challenge. Therefore, systemic treatment along with radiotherapy as part of concurrent adjuvant therapy is
currently an integral part of therapy and the subject of numerous studies. A six-cycle regimen of TMZ is the
standard, and extending the duration of therapy seems justified [35]. Additionally, combining BEV with
standard TMZ therapy results in prolonged OS and PFS, especially in patients without MGMT methylation
[37-41]. Monotherapy with BEV does not currently provide satisfactory results in the case of rGBM, and
combining BEV with other drugs has not shown improved survival [44-50]. Further research on combined
therapy with TMZ, BEV, and irinotecan (TBI) may offer a chance to increase the effectiveness of rGBM
treatment [13-15,22,27-29,31-33,45]. We briefly summarized the available systemic therapies in Table 3.
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Variables Grade 1

Grades 2 and 3 Grade 4

Oligodendroglioma Astrocytoma
Glioblastoma
multiforme

Recurrent glioblastoma multiforme

Surgical
treatment

Resection Resection Resection Resection Resection

Radiotherapy
To
consider

Recommended Recommended Recommended Recommended

Systemic
treatment

-

Temozolomide or
procarbazine,
lomustine,
vincristine* or
vorasidenib

Temozolomide or
procarbazine,
lomustine,
vincristine* or
vorasidenib

Temozolomide** or
bevacizumab*** or
temozolomide,
bevacizumab***

Temozolomide or lomustine/fotemustine or
bevacizumab or procarbazine, lomustine,
vincristine or temozolomide, bevacizumab,
Irinotecan****

TABLE 3: Methods of therapy for gliomas with proven clinical efficacy.
*Significant benefit when 1p19q-codeletion, minimal when 1p19q-noncodeletion, and none when IDHwt.

**Good when IDHmt (IDH1 or IDH2).

***Particularly good when MGMT is present.

****Studies show improvement only in PFS.

*****Scientific evidence exists but is not abundant.

IDHmt: IDH mutations; IDHwt: IDH without mutation; PFS: progression-free survival

Future directions in glioblastoma therapy
Recent advances in the molecular characterization of glioblastoma (GBM) are rapidly being integrated into
clinical trials, paving the way for novel therapeutic strategies. Comprehensive profiling of the tumor's
genomic, epigenetic, transcriptomic, and proteomic landscapes has provided deeper insights into both
glioblastoma's complex biology and the brain microenvironment, allowing for more precise therapeutic
targets.

For instance, epidermal growth factor receptor (EGFR) amplification; phosphatase and tensin homolog
(PTEN) loss; and MGMT promoter methylation are key molecular alterations currently being explored as
therapeutic targets in clinical trials, guiding the development of tailored treatments [52].

Immunotherapeutic approaches, including immune checkpoint inhibitors, chimeric antigen receptor (CAR)
T-cell therapy, oncolytic virotherapy, and vaccine-based therapies, are at the forefront of this research
[53,54].

Combinatorial therapies are being explored to mitigate side effects and improve the efficacy of these
treatments. For example, combining immune checkpoint inhibitors with standard therapies like radiation or
chemotherapy has shown promise in preclinical studies [55-59]. Similarly, novel approaches to improve the
penetration of therapeutic agents into the tumor are being developed, as the blood-brain barrier (BBB) often
limits the effectiveness of systemic treatments. Focused ultrasound therapy, which temporarily disrupts the
BBB to allow for better drug delivery, has shown encouraging results in early clinical trials for patients with
recurrent GBM [60,61]. This technique could enhance the success of drug therapies in infiltrative regions of
the tumor, opening new avenues for treatment combinations that could improve outcomes for GBM
patients.

As researchers continue to refine these therapeutic approaches, there is growing optimism that integrating
immunotherapy with advanced drug delivery techniques and other novel therapies will yield more effective
treatments for GBM.

Conclusions
The primary method of treating gliomas is resection, with radiotherapy and chemotherapy serving as
adjunctive therapies. Systemic treatment is not employed in grade 1 gliomas. For grades 2 and 3, studies
have demonstrated the benefit of chemotherapy, particularly significant for patients with the 1p19q-
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codeletion mutation. The addition of chemotherapy to subsequent radiotherapy has also proven
advantageous. In grade 4 glioblastoma multiforme (GBM), the wild-type IDH variant responds relatively well
to TMZ, especially in patients with MGMT promoter methylation. For patients without this methylation,
combined therapy involving TMZ and BEV appears to be beneficial. There are also benefits observed in
extending chemotherapy beyond the standard six cycles. Currently, the treatment of recurrent GBM (rGBM)
remains a challenge, with results remaining unsatisfactory. The triple combined therapy involving BEV,
irinotecan, and TMZ presents an opportunity to enhance the prognosis in this patient population. The
integration of immunotherapy with advanced drug delivery techniques and novel combinatorial therapies
holds significant promise for improving treatment outcomes in glioblastoma patients. Recent trials indicate
that the choice of systemic treatment should include the genetic makeup of the tumor to ensure the best
outcome. Nevertheless, optimization of glioma chemotherapy requires further studies before wider clinical
use.
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