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A B S T R A C T

Brain tumors are challenging to handle and cause severe mortality and morbidity. The primary therapy for brain
tumors, a combination of radiotherapy, chemotherapy (i.e temozolomide), and corticosteroids, is considered
inadequate to improve patients' clinical conditions and associated with many adverse effects. There is an urgent
need for new compounds or repurposing of existing therapies, which could improve brain tumor patients'
prognosis. Metformin, commonly used for type 2 diabetes medication, has been examined for its protective action
in cancer, reducing cancer risk and cancer-related mortality. However, its effect on cancer is still in rigorous
debate. This study examines recent studies on the effects of metformin in primary brain tumor patients through
systematic reviews. The literature search was performed on PubMed, ScienceDirect, and SpringerLink databases
for articles published between 2013 and 2020. We selected clinical studies comparing the therapeutic outcomes of
brain tumor therapy with and without metformin. The clinical benefits of the drug were assessed through the
overall survival (OS) and progression-free survival (PFS) of brain tumor patients. Those studies demonstrated that
the combination of metformin with temozolomide given post-radiotherapy resulted in better OS and PFS.
Nonetheless, the efficacy and safety of metformin need further clinical testing in the wider population.
1. Introduction

Tumors in the central nervous system (CNS) had an incidence rate of
23.41 cases per 100,000 people in the United States in 2012–2016 [1]. In
2016, at the global level, there were 330,000 incident cases of CNS
cancer, with an age-standardized incidence rate of 4.63 per 100,000
person-years, which significantly increased by 17.3% between 1990 and
2016 [2]. A total of 85–90% of CNS tumors are brain tumors [3]. Primary
brain tumors have a high mortality rate and are ranked first in cancers in
terms of mortality in the 0–14 year old (31%) and 12–24 year old (22%)
age groups in the UK, ahead of leukemia [4, 5]. Glioma is the largest
primary tumor in the brain (60.9%), three-quarters of which are glio-
blastoma and astrocytoma [6].

Glioblastoma was the most malignant tumor (14.6% of all tumors and
48.3% of malignant tumors) and meningioma the most benign tumor
(37.6% of all tumors and 53.3% of benign tumors) in the United States
population in the period 2012–2016 [1]. In the Department of
Neurology, Dr. Cipto Mangunkusumo Hospital, Indonesia, it was recor-
ded that between 2011 and 2015, the majority of primary tumors were
astrocytoma (47%), followed by meningioma (26%). Data from
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Dharmais Cancer Hospital, Indonesia, from 1993-2012 showed an inci-
dence of brain tumors of 1% of all malignancies, with the majority being
glioma (67%) and meningioma (16.3%) [6].

Although the prevalence of brain tumors compared to other types of
cancer is small, they are very difficult to treat and cause serious mortality
and morbidity [7, 8]. Therapeutic options used during the last few years
were a joint treatment regimen, including temozolomide and radio-
therapy. Even so, the prognosis remains very poor [9]. Tumor size can
interfere with the respiratory center and severely affect patient survival,
as brain tumors do not undergo metastasis. Therefore, the only reliable
indicator in assessing brain tumors' clinical response is patient survival
[10, 11]. High morbidity and mortality rates, as well as a poor choice of
therapy, demand further research related to the clinical development of
brain tumor sufferers [8]. One of the efforts being made in this area is
research into the possibility of drug repurposing, namely the use of
existing therapies known to be safe for new indications.

Metformin has been used as an antidiabetic due to its effectiveness
and safety. Metformin is a biguanide group that can reportedly decrease
the incidence of cancer in diabetes mellitus patients. For 40 years,
biguanide has been used in oncological therapy to attempt at “metabolic
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rehabilitation” of patients with breast cancer, colorectal cancer, and
stomach cancer. Currently, more than 100 clinical studies assessing the
role of metformin as an anti neoplasm treatment and prevention of
cancer [12]. However, there is not much research on brain tumors, and
there has been no review article research into the effectiveness of met-
formin for brain tumors. On a molecular level, metformin's main effect as
an anti neoplasm is through inhibition of phosphorylation oxidative in
mitochondria and activation of AMPK (adenosine monophosphate acti-
vated protein kinase) [13].

A study from Aljofan& Riethmacher [14], which reviewed 12 studies
on the mechanism of metformin as antineoplastic, revealed that met-
formin is adequate for inhibit various types of cancer in vitro and in vivo
by a direct or indirect route. The studies reported several exciting po-
tential mechanisms and external factors that may explain the metformin's
antineoplastic effect. These mechanisms, including a direct act of met-
formin by targeting the AMPK pathway in tumor cells that control
metabolism, angiogenesis, inflammation, and cancer stem cells or by
inhibiting cancer growth and proliferation via a glucose related mecha-
nism, which includes decreasing insulinemia and glycemia. Both the
cancer cell sensitivity to metformin and the antineoplastic mechanism of
actions of metformin stated were declared cell dependent. So, the
different and sometimes conflicting mechanisms shown it could be due to
the physiological differences between different cells. Nevertheless, all of
the stated antineoplastic effect theories revolve around or are linked to
AMPK activation, and the external factors are mainly glucose related. The
antidiabetic activity of metformin shows an essential way of its anti-
neoplastic activity and that it is likely to exert its antineoplastic action by
using AMPK in cancer cells [14]. AMPK regulates expression and phos-
phorylation of p53, which is known plays a role in promoting apoptosis,
autophagy, and antiproliferative effect [15]. Some cancer types have
gene mutations p53, and primary brain tumors become tumors with the
highest p53 mutations [13].

Research on repurposing metformin as an antineoplastic in brain tu-
mors in recent years create an interesting area of study. Therefore a
clinical review of the effect of metformin as an antineoplastic agent on
brain tumors is highly necessitated. This systematic review of recent
primary literatures was conducted to examine its role.

2. Method

2.1. Data collection

A literature search was conducted through PubMed, ScienceDirect,
and SpringerLink databases to identify relevant articles, which were
limited to ones published between 2013 and 2020. The keywords used
were 'metformin', 'diabetes mellitus', 'brain tumor', 'glioma' and 'glio-
blastoma'. On the basis of the data, a systematic review of metformin as
an antineoplastic in brain tumors was conducted.
2.2. Inclusion and exclusion criteria

The literature search focused on clinical studies of metformin for
brain tumors. Studies were selected based on inclusion criteria defined
using the PICO framework, namely Population, Intervention, Compari-
son, and Outcome, to determine relevant articles. In more detail:

Population: Patients aged 17 and above diagnosed with a brain tumor
according to 2016 WHO classification, namely is a primary brain tumor,
not a metastatic tumor.

Intervention: Use of metformin with or without a history of diabetes
mellitus.

Comparison: Patients without metformin use.
Outcomes: 1. To establish the potential of metformin as an antineo-

plastic in brain tumor patients; and 2. To assess the clinical outcome of
metformin use in brain tumor patients.

Exclusion criteria for article selection included, among others:
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1. Research articles published outside the period 2013–2020.
2. Articles that were not original research.
3. The research methods adopted were non-clinical studies.
4. Articles were not full text, or the full text could not be accessed.

2.3. Search results and schemes

Based on the online databases' search results using predefined key-
words, 23,239 research articles were identified, consisting of 5,026 from
PubMed, 15,855 from ScienceDirect, and 2,358 from SpringerLink. After
the screening process of these articles, five were judged to have met the
specified criteria and were included in the subsequent review process.
The search results are briefly described in Figure 1.

3. Results and discussion

3.1. Results

Brain tumors are very difficult to treat and cause serious mortality and
morbidity [7, 8]. The p53 pathway plays a dominant role in their
development; in addition, primary brain tumors have the highest p53
mutations. The regulation of p53 expression and phosphorylation is
regulated by AMPK [15]. Unlike other tumors, brain tumors have a
blood-brain barrier system that blocks the entry of some chemotherapy
agents. In in vivo studies, metformin has been shown to be able to cross
the blood-brain barrier [16]. The combination of prognosis, poor thera-
peutic choice, the dominance of the p53 pathway, and the potential for
metformin as an antineoplastic prompt further studies regarding the
repurposing of metformin as an antineoplastic in brain tumors.

AMPK activation induces p53 phosphorylation in Ser15 and promotes
human MDMX phosphorylation on ser342, inhibiting p53 ubiquitination
and p53 stabilization [17]. p53 plays a role in promoting apoptosis,
autophagy, and antiproliferation [13]. Metformin is easily found on the
market and is the first line for treating type 2 diabetes mellitus. However,
there has been no systematic review of related clinical studies.

This review article has been compiled systematically to examine
recent studies' development (2013–2020) regarding the effects of met-
formin in brain tumor patients through a clinical review. Systematic
methods have been used to make it easier for readers to obtain infor-
mation and to avoid bias. An article search through an online database
resulted in 111 articles, five of which were selected according to the
inclusion criteria set. A cohort study design was employed, which is
commonly used to investigate the causes of disease and the relationship
between risk factors and clinical outcomes. In such a study on repur-
posing metformin as an antineoplastic in brain tumors, cohort design is
useful in determining the effects of metformin use and the clinical out-
comes in the form of patient survival.

In this review, a population group is examined prospectively or
retrospectively. The total population was 4,173 patients, with 278
receiving metformin, who came from several regions, including Germany
and the USA. Their age was in the range of 17–90 years old. The clinical
benefit of metformin was expressed in terms of overall survival (OS) and
progression-free survival (PFS) values, which reflect patient survival. The
OS has become a gold standard endpoint for clinical assessment of tumor
treatment. Improvement in it clearly shows a significant clinical benefit
for patients; PFS, depending on its magnitude, may also have a high value
[18]. Moreover, through the articles selected, the value of dose-limiting
toxicities (DLT) and maximum tolerated dose (MTD) of repurposing
metformin as an antineoplastic was also established [19]. The studies on
the development of repurposing metformin as an antineoplastic for brain
tumors discussed are summarized in Table 1.

3.1.1. Patient survival as an indicator in assessing the clinical response to
brain tumors

In recent years, research on metformin effect on brain tumors has
been conducted. The size of the tumor can interfere with the respiratory
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center because intracranial pressure can aggravate the patient's symp-
toms, consequently impacting survival [10, 11]. Therefore, the aim of
antineoplastic therapy, including metformin, is to reduce the tumor size
in order to reduce symptoms and improve patient survival [8]. The only
reliable indicator in assessing brain tumors' clinical response is patient
survival [10, 11].

Clinical studies have been conducted to analyze patient survival
based on progression-free survival (PFS) and overall survival (OS). PFS is
the time from the initiation treatment until progress occurs, with either
an improvement or worsening of the disease. This value can be used to
measure direct clinical benefit based on the disease and observed
response. Furthermore, OS represents the duration of patient survival
from the time of the initiation of treatment. OS is universally accepted as
a measure of clinical benefit. Improvement in OS shows a significant
clinical benefit for patients, whereas PFS depends on its extent [18].

3.1.2. Glioblastoma as a most malignant brain tumor, and alternative
therapies

The types of brain tumors that are widely targeted for testing are
glioblastoma and high-grade glioma (HGG), which include primary brain
tumors. The 2016WHO classification indicates that glioblastoma is WHO
grade IV. The population involved in this systematic review was patients
with glioblastoma (WHO grade IV) and WHO grade III. A total of four
articles used a glioblastoma population, and one used WHO grade III and
IV HGG populations, with or without IDH mutations.

Glioblastoma is the most malignant brain tumor in adults and cannot
be cured [6].The treatment option used in recent years has been a
combined regimen, including temozolomide and radiotherapy. Despite
3

this, the prognosis remains very poor [9]. The growth nature of gliomas
makes surgery ineffective. Therefore, emphasizes the need for new
therapies as alternative options [16].

3.1.3. Confirmation of antineoplastic activity of metformin
Preclinical studies report that metformin has potential as an anti-

neoplastic. Its mechanism works through antiproliferative effects, the
introduction of apoptosis, and reduction of angiogenesis through AMPK
activation, mTOR inhibition, and reduction of inflammatory cytokine
production [13, 14, 17]. Out of the various metformin mechanisms as an
antineoplastic, the most discussed downstream effector is AMPK
[13, 15].

External factors glucose-related also influence the effects of metfor-
min as antineoplastic. More glucose needs of tumor cells are met in hy-
perglycemia conditions. The characteristic of tumor cells is to produce
energy through aerobic glycolysis or known as Warburg effect [23].

3.1.4. Antineoplastic action of metformin through AMPK activation
In many tumor cells, AMPK activation is known to induce anti-

proliferative effects. Glucose deprivation may temporarily inhibit this
activity but is very unlikely to be of a significant impact for some reasons.
Earliest, the Warburg effect was suggested in some instances to be a
temporary effect. Later on, prolonged glucose deprivation can induce an
inflammatory response and increase ROS production, thus eventually
damaging cell membrane and nucleic acids. Possibly, a low glucose-
induced rise in ROS will rather increase cellular apoptosis, thus
contributing further to metformin's antitumor activity. This theory has
been backed and supported by some studies that confirmed that the



Table 1. Studies on metformin as an antineoplastic for brain tumors.

No. Authors and year Type of Study Region Subject Characteristics Types of Brain Tumors OS and PFS Values Results

1 Maraka et al. [19] Cohort Austin, USA Total: 85
- Male: 54
- Female: 31
Ages: 21-77

A new diagnosis of
glioblastoma

OS: 2 years; PFS: 6 months Metformin can be safely combined
with TMZ for newly-diagnosed
glioblastoma patients. MTD of
metformin in combination therapy
with temozolomide: 850 mg twice
daily. Effective dose of temozolomide
used: 150–200 mg/m2. The most
common DLTs with metformin are
gastrointestinal disorders.

2 Seliger et al. [20] Retrospective cohort Three randomized prospective
multicenter clinical trials (m
CENTRIC, CORE, AVAglio)

Total: 1,731
- Male: 1,026
- Female: 705
Ages: 18-84

A new diagnosis of
glioblastoma

1. At baseline, HR OS ¼ 0.87; HR PFS
¼ 0.84.
2. In the TMZ / RT period, HR OS ¼
0.97; HR PFS ¼ 1.02.

The use of metformin at baseline and
metformin during the TMZ / RT period
was not statistically associated with OS
or PFS. Metformin has been indicated
to produce better survival in patients
on metformin monotherapy at
baseline, but not in TMZ/RT. Other
antidiabetics tend to result in worse
survival
Issues to consider when taking
metformin: glioma condition and
diabetes severity.

3 Seliger et al. [21] Retrospective cohort Population-based clinical cancer
registry,
Regensburg (patients from Lower
Bavaria and Upper Palatinate,
Germany)

Total: 1,093
- Male: 619
- Female: 474
Ages: � 18

HGG WHO grade III and HGG
WHO grade IV

1. OS patients HGG ¼ 1.2 years: WHO
grade III ¼ 2.3 years: WHO grade IV ¼
1.0 year.
2. PFS patients HGG ¼ 0.8 years: WHO
grade III ¼ 2.5 years: WHO grade IV ¼
0.7 years.

OS and PFS of WHO HGG grade III
patients taking metformin significantly
longer, but not grade IV.

4 Adeberg et al. [9] Retrospective cohort Heidelberg University Hospital
and German Cancer Research
Center (DKFZ), Heidelberg,
Germany

Total: 276
- Male: 169
- Female: 107
Ages: 17.2–86.6 years

Glioblastoma multiforme 1. PFS of all patients¼ 6.77 months OS
of all patients ¼ 14.85 months.
2. PFS of patients on metformin
therapy ¼ 10.13 months: without
metformin therapy ¼ 4.67 months:
reference group without diabetes¼ 6.7
months.

PFS was significantly higher in
diabetic patients on metformin
therapy. The increase in PFS was
significantly associated with
concomitant use of temozolomide
therapy. PFS decreased on
corticosteroid therapy.

5 Welch and Grommes [22] Retrospective cohort Memorial Sloan Kettering Cancer
Center, New York, USA

Total: 988 (DM: 124)
- Male: 86
- Female: 37
Ages: 29-90

Glioblastoma 1. OS diabetic patients ¼ 10 months:
non diabetes ¼ 13.4 months.
2. OS of steroid therapy patients ¼ 9
months: without steroid therapy ¼ 17
months.
3. OS metformin therapy patients ¼ 10
months: other antidiabetic
monotherapy ¼ 6 months.
4. OS patients with glioblastoma-
diabetes metformin therapy ¼ 14
months: OS patients with other
antidiabetic therapy ¼ 8 months

Metformin has the potential to
improve the survival (OS) of
glioblastoma patients.

Data are shown in median (minimum-maximum) values. Note: OS ¼ median overall survival; PFS ¼ median progression free survival; TMZ ¼ temozolomide; RT ¼ radiotherapy; MTD ¼ maximum tolerated dose; DLT ¼
dose-limiting toxicities; HR ¼ hazard ratio; HGG ¼ high grade glioma; WHO ¼ World Health Organization.
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combination of metformin and glucose withdrawal were quite lethal to
tumor cells [14].

AMPK activation promotes phosphorylation of human MDMX on
ser342, which inhibits p53 ubiquitination and stabilization. p53 is a core
component in regulating growth and survival under various stresses and
is the dominant pathway in brain tumors. The molecular markers in most
glioblastomas are mutations in three main pathways: the p53 pathway,
the PI3K pathway, and the retinoblastoma pathway [6]. p53 plays a role
in promoting apoptosis, autophagy, and inhibition of the Akt and mTOR
pathways [17]. Furthermore, mTOR inhibition can interfere with protein
synthesis and suppress tumor cell proliferation [17]. P53 will detect DNA
damage, which then activates p21 to inhibit cyclin B, further interfering
with the start of the tumor cell cycle. P53 also inhibits progression from
the S-phase to the M-phase, which means tumor cell mitosis is prevented
[6].

3.1.5. Metformin has the potential to improve glioblastoma patients survival
A study of the effects of metformin on a population of 276 German

primary and secondary glioblastoma patients showed progress in pro-
longing the survival of those with diabetes. The increase in PFS was
significantly associated with the methylated MGMT gene promoter status
and simultaneously with temozolomide therapy. Comparing the PFS of
diabetic patients with metformin therapy andwithout metformin therapy
and those without diabetes was 10.13 months: 4.57 months: 6.7 months.
However, lower PFS rates were observed with continued therapy with
corticosteroid use [9].

The same benefit was shown in a study involving 988 primary glio-
blastoma patients in the USA. Research by Welch and Grommes [22]
showed that metformin can improve the survival (OS) of glioblastoma
patients. The OS ratio of patients with metformin therapy and antidia-
betic monotherapy was 10 months: 6 months. Comparing metformin
administration to diabetic-glioblastoma patients who had received sur-
gery, radiotherapy, and chemotherapy and those with other antidiabetic
administration was 14 months: 8 months [22].

3.1.6. Corticosteroid therapy and hyperglycemia are negative factors
The two studies conducted on glioblastoma patients discussed above

show that metformin therapy in primary and secondary glioblastoma
patients in both the German and US populations provided the benefit of
the prolonged OS. That is, metformin has the potential to improve patient
survival. Patients with diabetes got benefit even more. The condition is
specifically associated with hyperglycemia, which can affect tumor pro-
gression. Corticosteroid therapy and hyperglycemia are negative factors
relevant to the survival of glioblastoma patients [9]. Steroid use should
be minimized to improve glycemic control and improve survival [22]. To
achieve the expected therapeutic goals, namely reducing tumor size to
reduce symptoms and improve the survival of brain tumor patients,
metformin can be used in conjunction with temozolomide. Moreover, the
effectiveness of therapy can be supported by minimizing the use of
corticosteroids.

In addition, a study of 85 newly diagnosed glioblastoma patients in
Austin, USA, showed that metformin could be safely combined with
temozolomide, with a median survival of 2 years. Common side effects of
using metformin include gastrointestinal disturbances [17].

3.1.7. High glucose levels may also affect the action of metformin
On the other hand, a study of 1,731 patients with newly diagnosed

glioblastoma forming a population derived from three randomized pro-
spective multicenter clinical trials (m CENTRIC, CORE, and AVAglio)
obtained different results, that metformin was not significantly associ-
ated with OS or PFS in these patients. In other words, metformin did not
prolong the survival of patients with newly diagnosed glioblastoma [20].
The different results of this study were possibly due to several disparate
conditions:the population used, the clinical trial population, primary and
secondary glioblastoma, and including the type of oncologic treatment
regimen [9, 20, 22]. Furthermore, differences in outcome may have also
5

occurred due to different timing and doses of metformin administration
(together with or after radiotherapy).

From the studies conducted on the effect of metformin on glioblas-
toma, either with a new diagnosis or not stated, there is good potential
for metformin to prolong patient survival. However, a study from Seliger
et al. [20] obtained different results because the study included large
population which only 7% of the used metformin. It makes the study
results less representative and not comparable in assessing metformin as
medication for glioblastoma [20].

Another parameter that distinguishes this study is the patient's
glucose levels. The population had a median glucose level of 105 mg/dL
(including fasting and non-fasting glucose levels) [20], lower than the
median glucose level of patients in the other studies 198.5 mg/dL [9, 21,
22]. High glucose levels may also affect the action of metformin, which is
an antidiabetic and antineoplastic, both of which are known to affect
AMPK signaling activation. The activation of AMPK by metformin may
result in better survival rates among brain tumor patients.

3.1.8. IDH mutation factors influence metformin therapy in tumors
A study of 1,093 WHO HGG grade III and grade IV patients in Ger-

many demonstrated that OS and PFS were longer in grade III patients
with the use of metformin but not in grade IV patients [21]. Important
prognostic factors in HGG are age, status based on KPS, tumor grade, IDH
status, and several genetic, molecular factors such as telomerase reverse
transcriptase (TERT) and the extent of surgery [6]. From these prognostic
factors, this study shows that the use of metformin in tumors is influenced
by IDH mutation factors [21].

IDH 1 and 2 enzyme mutations occur in approximately 50% of WHO
grade III patients and 5–10% of glioblastoma patients (WHO grade IV),
and is a significant predictive factor for OS. The presence of IDH 1 and
IDH 2 mutations in HGG showed a 2-3x increase in life expectancy
compared to tumors with IDH-wildtype. The effect of metformin on OS
prolongation in WHO grade III patients was associated with IDH muta-
tions. It is known that IDH 1 and 2 mutations occurred in 54 patients, five
of whom were using metformin. Patients with IDH mutations who use
metformin have better survival rates. Nonetheless, these results suggest
that OS and PFS are low in WHO grade IV (glioblastoma) patients. This
result is different from previous studies. It may be because the multi-
center population of the previous studies began in 2013, and no standard
therapy for HGG had been established. Therefore, standard therapy in the
form of resection, radiotherapy, or chemotherapy was not discussed in
this study [21].

All the selected studies show that there is potential for metformin as
an antineoplastic in brain tumor patients included malignant brain tu-
mors (glioblastoma and WHO grade III). Apart from hyperglycemia,
metformin in conditions of IDH mutation is also considered to produce
more favorable results. IDH mutation is common in secondary glioblas-
toma and WHO grade III cases. In one study, there was an increase in the
median life expectancy of glioma patients with IDH 1 mutations
compared to those without [6]. It used metformin as an adjuvant to
standard therapies of temozolomide. Therefore, repurposing metformin
as an antineoplastic is considered to help improve the survival of brain
tumor patients, especially those with malignant brain tumors,glioblas-
toma and HGG.

3.2. Discussion

Metformin is known to be safe for wide use wide by the public,
especially diabetes mellitus patients, with affordable price [24]. There-
fore, repurposing it as an antineoplastic in brain tumors is more
economical than using existing therapies with good safety records.
Research has also shown that metformin can cross the blood-brain bar-
rier, which increases the potential for it to be used as a new antineoplastic
in brain tumors [25].

The action mechanism of metformin as an antineoplastic provides
apoptotic, autophagic, and antiproliferative effects through the p53
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pathway with AMPK activation. It activation will phosphorylate p53 and
promote the phosphorylation of human MDMX, which inhibits p53
ubiquitination and p53 stabilization. p53 plays a role in promoting
apoptosis, autophagy, and inhibition of the Akt and mTOR pathways.
Inhibition of mTOR interfereprotein synthesis and suppress tumor cell
proliferation [17].

The metformin antineoplastic activity is also influenced by glucose
levels on the extracellular environment. AMPK activation in normal
glucose levels be able to induce antiproliferative effects. The viewed
survival in low-level glucose may be caused by the Warburg effect where
tumor cells reprogram their metabolism. Some studies have shown the
metformin with glucose deprivation is deadly for tumor cells. Glucose
deprivation improve the antitumor effect of metformin in inducing
AMPK activation [14, 23].

The studies that have been conducted have assessed the clinical
outcome of the benefits of using metformin via OS and PFS [9, 19, 20, 21,
22]. These assessments, especially OS, adequately illustrate the clinical
benefit of prolonging survival in primary or secondary glioblastoma pa-
tients. Nonetheless, one recent study from Seliger, et al. [20] obtain that
the use of metformin at baseline and metformin during the TMZ / RT
period was not statistically associated with OS or PFS. Differences in
metformin dosage, length of metformin use (after, or in conjunction with,
radiotherapy), and differences in the type of population studied could be
caused in the result variation.

Metformin dosage can affect the mechanism of metformin. As an
antineoplastic, at high doses (~mM), metformin inhibits complex I of the
mitochondrial electron transport chain, while low dose metformin
(~μM) can activate AMPK through the lysosomal pathway, independent
of the AMP/ATP ratio [26]. Not all the studies indicate the metformin
dosage used. However, in experimental studies, the dose of metformin as
an antineoplastic was much higher than as an antidiabetic [20]. There
were no case reports of hypoglycemia on the use of metformin as an
antineoplastic [19, 26]. However, further research is needed to deter-
mine how effective the metformin dose is as adjuvant therapy for brain
tumors.

Apart from the therapeutic dose, the period of use of metformin is also
a determining factor. Metformin is considered to have a synergistic effect
with temozolomide, but not with the use of corticosteroids [9, 22].
Concomitant use with temozolomide therapy provides better survival,
while corticosteroid use worsens survival. The use of corticosteroids
should be minimized because they can affect the patient's blood glucose
levels, impacting tumor progression, and inhibiting metformin activity.
The maximum recommended dose for metformin in combination with
temozolomide is 850 mg twice a day. The recommended dose of temo-
zolomide is 150–200 mg/m2 [19]. In the articles reviewed, this combi-
nation of metformin and temozolomide was given post-radiotherapy.
However, it is known that side effects may occur with the use of met-
formin as an antineoplastic, such as disorders of the gastrointestinal
system.

In recent years, research on metformin as an antineoplastic agent in
brain tumors has been conducted. However, from the many types of brain
tumors that exist, the scope of study is still fairly limited to certain types
of tumors, including glioblastoma (WHO grade IV) and WHO grade III.
Although these types of tumors have high prevalence and malignancy,
research concerning other types of tumors is also necessary. Research is
yet to be conducted for brain tumors that are commonly found in
Indonesia, astrocytoma and meningioma. However, there are many cases
of brain tumors and p53 mutations in Indonesia. Different types of brain
tumors, as well as racial differences, may imply differences in the ther-
apeutic dose of metformin for patients in Indonesia compared to the
brain tumor patients studied in Germany and the USA. Therefore, further
research needs to be conducted on astrocytoma, meningioma, and other
types of brain tumors.

Apart from the type of tumor, the populations studied are also quite
limited. The study does not cover all continents and countries. Thus,
6

further research is needed with wider populations to better assess met-
formin's efficacy and safety for brain tumors.

3.3. Limitations

This review article provides systematic information about metformin
as an antidiabetic and its role as an antineoplastic in brain tumors, which
was previously unavailable to clinical studies. However, there are also
some limitations in the study, including the fact that the population
involved is homogeneous (it only comes from a few regions and does not
cover all continents and countries); the types of brain tumor studied are
limited, and the percentage of subjects receiving metformin is relatively
low.

4. Conclusion

In writing this systematic review, we conclude that metformin has a
prolonged OS and PFS survival effect on brain tumor patients, exerting a
synergistic effect combined with temozolomide. This combination ther-
apy was given after radiotherapy. The mechanism of metformin as an
antineoplastic involves AMPK activation, which induces p53 phosphor-
ylation and human MDMX phosphorylation, which inhibit p53 ubiq-
uitination and p53 stabilization, resulting in apoptosis, autophagy, and
antiproliferation processes.
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