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Abstract

Gliomas being the commonest of all primary brain tumors
have been a subject of countless research over the last
three decades. Despite the current standard treatment for
glioma which consists of a triad comprising of initially
aggressive surgery followed by radiotherapy and the
chemotherapeutic drug temozolomide, the outcome of
glioma patients remains dismal. The median overall
survival time for patients with the most aggressive
subtype is only 15 months. With oncological advancement
and development of newer drugs, new treatment delivery
methods are gaining approval especially in recurrent and
stage III and IV gliomas. We reviewed the PUBMED/
Medline database for current therapeutic concepts along
with the new drugs under consideration for the treatment
of gliomas. The treatment options include drugs from
various classes with diverse mechanisms of action
including VEGF inhibitors, alkaloid derivatives, tyrosine
kinase inhibitors, PI3K/AKT and mTOR inhibitors and
BCNU. The aforementioned drugs exhibited better
outcomes and progression free survival as compared to
placebo. A comprehensive review of currently
recommended drugs regimes is also discussed. We
conclude that there is prospect for newer therapeutic
drugs to become first line treatment particularly for rGBM
in the future, however, TMZ still remains the drug of
choice till today.

Keywords: Therapeutic drug regimes; Glioblastoma;
Histopathology

Introduction
Gliomas are the most common type of primary brain

tumors. On histopathological and clinical criteria gliomas are

classified as grade I to grade IV by the World Health
Organization (WHO). Recent studies show that survival
improves for patients who get aggressive surgery to remove a
tumor before starting radiation (RT) and chemotherapy
(chemo) treatment. Temozolomide and radiotherapy are the
initial treatment setting for gliomas because this is the
established standard of care [1]. New mediators or treatment
delivery methods are also tried in the recurrence disease
setting, where there are limited accepted treatment
alternatives.

Disturbance of p53 function, a crucial regulator of genomic
stability, occurs recurrently in malignant glioma due to three
probable factors; direct mutation or loss, human double-
minute 2 (HDM2) amplification and p14ARF mutation [2,3].
Other genetic anomalies contribute to disruption of cell cycle
control, including CDK4 amplification or loss of either RB1,
p16INK4A or P15INK4B, due to either inactivating mutation or
promoting hypermethylation [4].

Malignant gliomas are mostly associated with abnormal
signal transduction pathways which lead to disturbance of key
cellular processes like proliferation, angiogenesis, apoptosis,
and invasion. Dysregulation of the PI3K/AKT pathway, the most
significant abnormal signaling cascade is associated with
adverse consequence and has been related genetic defects [5].
Overexpression, mutation or amplification of receptors can
increase PI3K/AKT activity which is a consequence of rise in
activity of growth factor receptor tyrosine kinases (TKIs). The
most common abnormally active growth factor TKIs in
malignant gliomas include the epidermal growth factor
receptor(EGFR) [6], insulin-like growth factor-1 receptor
(IGF1R) [7], platelet derived growth factor receptor (PDGFR)
[8] and c-kit [9].

In this paper, we review the different strategies applied
globally for the treatment of malignant gliomas. We structure
our review around questions likely to be of interest to standard
management of gliomas and the work done by various medical
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experts in the recent past in this regard. Our review also
identifies a number of opportunities for future research on
glioma management.

Search Methodology
A literature review of english literature was performed on

PUBMED/Medline database. The keywords utilized were
glioblastoma, GBM, chemotherapy, novel drugs and outcomes.
The full texts of the related studies were acquired and
reviewed independently by researchers and evidence based
conclusions were drawn after mutual consensus. Studies
showing level III or above evidence were included in the
review. Studies on novel drugs depicting only level IV evidence
for GBM were excluded from the review.

Review of Evidence

Current trends on the use of TMZ in GBM
Standard therapy for glioblastoma multiforme consists of

surgical excision to the extent that is safely feasible, followed
by radiotherapy and temozolomide (TMZ). Temozolomide is an
oral alkylating antineoplastic agent used in cancer treatment
that attaches an alkyl group (CnH2n+1) to DNA. Temozolomide
has demonstrated antitumor activity both as a single agent
and in combinations with radiotherapy and other
chemotherapeutic agents in the treatment of recurrent glioma
[10,11]. The approved conventional schedule for
temozolomide is a daily dose of 150 to 200 mg per square
meter of body-surface area for 5 days of every 28-day cycle
[12].

A study conducted by Roger Stupp and his team of
researchers published its findings in 2002 [13]. It was among
the initial pioneering studies which suggested that
temozolomide and radiotherapy combined had potentiating
results for treating GBM. The comprehensive purpose of this
phase II study was to determine the safety, tolerability, and
efficacy of concomitant radiation plus temozolomide therapy
followed by adjuvant temozolomide therapy in patients with
newly diagnosed GBM. Sixty-four patients with GBM were
recruited in the trial. Concomitant radiation plus
temozolomide therapy was found to be safe and well tolerated
in most patients. A very few cases of nonhematologic toxicities
were reported which were mild to moderate in severity.

Throughout the concomitant treatment phase, only 6% of the
patients reported with neutropenia or thrombocytopenia,
which also included two severe infections with Pneumocystis
carinii. In the adjuvant six temozolomide cycles, 2% of patients
reported with neutropenia and 6% of patients encountered
thrombocytopenia. Median survival rate was estimated to be
16 months, and the 1 and 2 year survival rates were 58% and
31%, respectively. It was also suggested that the patients who
were younger than 50 years old and who underwent debulking
surgery had the best survival outcome among all. The study
concluded that continuous daily temozolomide and
concomitant radiotherapy is generally safe and well tolerated
and this regimen may prolong the survival of patients with
glioblastoma multiforme.

After the promising clinical outcomes of the
aforementioned phase II trial (two-year survival rate; 31
percent), the European Organization for Research and
Treatment of Cancer (EORTC), Brain Tumor and Radiotherapy
Groups and the National Cancer Institute of Canada (NCIC)
Clinical Trials Group initiated a randomized phase 3 trial in
2004-2005 [14] to compare this regimen with radiotherapy
alone in patients with newly diagnosed glioblastoma. This was
a large trial consisting of 573 patients with newly diagnosed
and histologically confirmed glioblastoma who were randomly
assigned to receive radiotherapy alone or radiotherapy with
temozolomide plus adjuvant six cycles of temozolomide
therapy. The dosage followed for radiotherapy, concomitant
temozolomide and adjuvant temozolomide was precisely the
same as the phase II trial. The results were enormously in
favor of temozolomide plus radiotherapy regimen as compared
to radiotherapy alone with a two-year survival rate of 26.5
percent in patients on radiotherapy with temozolomide and
only 10.4 percent in patients on radiotherapy alone. The side
effects profile showed similar findings with only 7 percent of
patients suffering from grade 3 or 4 hematologic toxic effects
with concomitant treatment with radiotherapy plus
temozolomide.

After this large multicenter phase III trial it was established
that the addition of temozolomide to radiotherapy for the
treatment of glioblastoma resulted in a clinically and
statistically significant survival benefit with negligible
additional toxicity and is accordingly now included in the initial
standard treatment setting for the treatment of newly
diagnosed glioblastomas (Table 1).

Table 1: Currently practiced Drug Regimes for GBM as per our literature review.

Drug Dose Recommended Mode of
Treatment

Type of
Tumour

Line of
treatment

Level of evidence
available

TMZ, 150-200 mg/sqmeter for 5 days of every 28-day
cycle

TMZ+ radio New GBM First line III

  TMZ+BCNU New GBM Second line II

  TMZ+Beva New GBM Second line II

  TMZ+ Vata New GBM Second line II
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Bevacizumab 10 mg/kg in 6-week cycle (every 2 weeks) Beva+ Irinocetan rGrade III-IV Second line II

  Beva+TMZ
+chemo

New GBM Second line II

      

Vatalanib Once daily 1000 mg Vata+TMZ+radio New GBM Second line II

      

Imatinibmesylat
e

500 mg twice daily(EIAEDs) Imata
+Hydroxyurea

rGrade III Second line II

 400 mg once daily (non-EIAEDs)     

BCNU BCNU alone New GBM Second line II

  BCNU+TMZ New GBM Second line II

Carmustine 150 to 200 mg/m2 IV every 6 weeks Carmu+radio mixed gliomas Second line II

      

Temsirolimus 250 mg weekly for 4 weeks Temsiro alone (1) rGliomas Second line II

 75 mg temsirolimus weekly Temsiro alone (2) rGliomas Second line II

Bevacizumab with Irinotecan combination
therapy

Clinical data suggests that bevacizumab and irinotecan have
action against the progression of GBM [15]. No unforeseen
toxicities in patients with recurrent GBM have been reported
with the use of bevacizumab while the use of irinotecan is still
questionable due to is wider profile of adverse effects [16,17].
Several trials indicate that combining bevacizumab with
standard therapy for newly diagnosed GBM is feasible [18,19].
There are claims that bevacizumab may promote tumor
invasion by upregulation of invasion-related genes [20],
although data from recent studies do not support a propensity
for bevacizumab to induce diffuse tumor growth or distant
spread at recurrence [11,21].

Vredenburgh et al. conducted a phase II trial in 2007 of
bevacizumab and irinotecan in adults with recurrent grade III-
IV glioma [12,22]. Patients were specified bevacizumab and
irinotecan i.v. every 2 weeks of a 6-week cycle. The dose for
bevacizumab was calculated to be 10 mg/kg. The dose of
irinotecan was 340 mg/m2 for subjects taking enzyme-inducing
antiepileptic drugs, whereas patients not taking enzyme-
inducing antiepileptic drugs received 125 mg/m2. Assesment
of toxicity and response of the drug was carried out. Thirty-
two patients were assessed (23 with grade IV glioma and 9
with grade III glioma). The median progression-free survival
was 23 weeks for all patients (20 weeks for grade IV patients
and 30 weeks for grade III patients). No central nervous system
hemorrhages occurred. They concluded that the combination
of bevacizumab and irinotecan is an active regimen for
recurrent grade III-IV glioma with acceptable toxicity.

A phase 3 trial study in 2014 evaluated the role of
bevacizumab, when added to the standard of care i.e.
chemoradiation with temozolomide, in the prolongation of
survival (PFS) and overall survival (OS) over 921 patients, out
of which 458 were randomly assigned to bevacizumab trial

while 463 were included in placebo. Median PFS was 10.6
months in bevacizumab tested patients while 6.2 months in
placebo (0.64, CI 95%, 0.55-0.74). Rates of OS were 72.4% and
66.3% at 1 year and 33.9% and 30.1% at 2 years with
bevacizumab and placebo respectively [23]. Another similar
randomized phase 3 trial in 2013 over 637 patients depicted
improved PFS but no change in OS [24]. Regarding toxicity, a
phase 2 study in 2008 revealed that thromboembolic events
were the most common haphazard with 12.5% (6 out of total
48 patients) were affected while hypertension was the second
most common adverse event found [25].

More studies are still in process to explore the effects of
bevacizumab. An exploratory study including 11 participants is
currently in phase 1 trial to see the modulation of the immune
system by VEGF blockade in patients with glioblastoma
multiforme [26]. Another ongoing study expected to be
completed by November 2017 with an estimated enrollment
of 23 participants is trialing the side effects associated with the
use of rapamycin and bevacizumab in treating the patients
with glioblastoma [27].

Tyrosine kinase inhibitors as an adjuvant
therapy

Role of PTK/ZK (vatalanib) in combination with
temozolomide and radiotherapy in newly diagnosed
glioblastoma patients has been studied by Alba A. Brandes in
2009-2010 [28]. Vatalanib a multiple VEGF receptor inhibitor,
blocks the intracellular tyrosine kinase activity of all known
VEGF receptors and is therefore suitable for long-term therapy
of pathologic tumor neovascularization. In this study PTK/ZK
was added to standard concomitant and adjuvant treatment.
The study was conducted among 20 subjects.

In the phase I study once daily administration of up to 1000
mg of PTK/ZK in conjunction with concomitant temozolomide
and radiotherapy was found to be feasible and safe. Any usage
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of higher dose than 1000 mg demonstrated the appearance of
side effects including diarrhea, thrombocytopenia,
neutropenia and rarely hepatic toxicity. Prolonged
administration of vatalanib orally was also found to be
manageable.

Phase 2 trial conducted by Desjardins [23] in 2007 on
imatinibmesylate another tyrosine kinase inhibitor and
hydroxyurea for recurrent grade III malignant gliomas revealed
the effectiveness of this class of treatment. Thirty-nine
patients were enrolled in the study. All patients had a history
of progressive disease after prior radiotherapy and at least
temozolomide-based chemotherapy. The dose was set to be
500 mg twice daily for patients using enzyme induced anti-
epileptic drugs and 400 mg once daily for patients not taking
enzyme induced anti-epileptic drugs. After a median follow-up
of 82.9 weeks, 24% of patients were progression-free at 6
months. The radiographic response rate was 10%, while 33%
achieved stable disease. Furthermore, the patients who
achieved stable disease at first evaluation, the 6-month and
12-month progression free survival rates were 53% and 29%,
respectively. The most common toxicities were found to be
hematologic and comprised less than 4% of administered
courses. The study concluded that Imatinib mesylate plus
hydroxyurea, is generally well tolerated and associated with
anti-tumor activity in some patients with recurrent grade 3
malignant glioma.

BCNU (bis-chloroethylnitrosourea)
A previous placebo-controlled trial conducted by Manfred

Westphal has shown that biodegradable 1,3-bis(2-
chloroethyl)-1-nitrosourea (BCNU) wafers extend survival in
patients with recurrent glioblastoma multiforme [29,30]. A
large phase 3 trial was performed back in 2003 among two
hundred and forty patients. Subjects were randomized to
receive either BCNU or placebo wafers at the time of primary
surgical resection. The two groups were similar for age, gender
and tumor histology. The median survival time was found to be
13.9 months for the BCNU wafer treated group and 11.6
months for the placebo treated group with a 29% reduction in
the risk of death in the treatment group. There were similar
adverse effects for the two groups, except for CSF leak (5% in
the BCNU wafer-treated group vs. 0.8% in the placebo-treated
group) and intracranial hypertension (9.1% in the BCNU wafer-
treated group vs. 1.7% in the placebo group). This study
confirms that local chemotherapy with BCNU wafers is well
tolerated and offers a survival benefit to patients with newly
diagnosed malignant glioma.

Another study conducted in 2009 by McGirt on BCNU wafer
plus concomitant temozolomide therapy displayed positive
results [31]. Thirty-three patients were treated with BCNU in
addition to radiotherapy and temozolomide. The median
survival in this group was 20.7 months, with a 2-year survival
rate of 36%. In this study, concomitant TMZ therapy in addition
to BCNU wafers was associated with a median survival of
nearly 21 months without increased preoperative morbidity.

An ongoing lengthy trial started in 2000 is trialing the
efficiency of carmustine combined with radiotherapy

compared to temozolomide and radiotherapy in treating
patients with anaplastic astrocytoma or mixed gliomas. The
study has an enrollment of 230 participants and is expected to
be completed by 2020 [32]. Another study comprising of 41
subjects is underway at Duke University determining the safety
and effectiveness of Gliadel wafers at the time of surgery on
malignant brain tumors. This study is expected to be
completed by 2018 [33].

Evolving role of PI3K/AKT and mTOR pathway
inhibitors in GBM

Activation of the PI3K/AKT/mTOR pathway has been
associated with reduced survival of glioma patients [34]. The
mammalian target of rapamycin (mTOR) is a key downstream
mediator of the PI3K pathway, and provides critical regulation
of several essential cellular processes in both normal and
neoplastic cells including nutrient metabolism, cell-cycle
progression and protein translation [35]. This led to the use of
a number of negative single- or multi-targeted therapies
including the mTOR inhibitors or its derivatives the ‘rapalogs’
everolimus (RAD001), deforolimus (AP23573), and
temsirolimus (CCI-779) [36,37]. A phase 2 trial in 2005
evaluated the response to temsirolimus in recurrent gliomas
over 65 patients which were previously treated ≤1
chemotherapy regimen.

Drug was administered 250 mg weekly for 4 weeks. Twenty
patients (36%) had evidence of improvement in neuroimaging,
consisting of decrease in T2 signal abnormality +/− decrease in
T1 gadolinium enhancement, on stable or reduced steroid
doses. PFS at 6 months was 7.8% and median OS was 4.4
months. The incidence of grade 3 or higher nonhematologic
toxicity was 51%, and consisted mostly of
hypercholesterolemia (11%), hypertriglyceridemia (8%), and
hyperglycemia (8%).

Grade 3 hematologic toxicity was observed in 11% of
patients [38]. Another phase 2 study in 2015 over 37 patients
showed that after the failure of previous chemotherapeutic
regimens when they were kept on 75 mg temsirolimus weekly
as a single agent, complete response was seen in five patients
(13.5%), complete response unconfirmed in three (8%), and
partial response in 12 (32.4%) for an overall response rate of
54%. Median PFS was 2.1 months (95% CI, 1.1 to 3.0 months).
Regarding toxicity, the most common effects were;
hyperglycemia in 11 (29.7%) patients, thrombocytopenia in
eight (21.6%), infection in seven (19%), anemia in four (10.8%),
and rash in three (8.1%) [39].

Conclusion
We conclude that the most prospective non-surgical

treatment options for GBM include temozolamide,
bevacizumab, iriniotecan, valatinib, temsirolimus and BCNU in
their respective regimes and combinations [39]. The
aforementioned drugs exhibited better outcomes and
progression free survival as compared to placebo. There is
substantial evidence regarding the combination therapy being
superior to monotherapy in terms of toxicity profiles of
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patients. It is likely that the newer therapeutic drugs may
become first line treatment particularly for rGBM in the future;
however, TMZ still remains the drug of choice till today.
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