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Abstract

Metformin is basically a biguanide derivative widely prescribed worldwide in the treatment of type Il
diabetes (T2D) and Polycystic Ovarian Diseases. Diabetes is a very common disease and can increase the
chance occurrence of various types of cancers such as colon, rectum, pancreas and liver cancer compared
to non-diabetic patients. Recently, epidemiological studies and meta analysis have demonstrated that T2D
patients have comparatively lower incidence of tumor development than healthy individuals. Moreover,
the patients diagnosed with cancer have lower mortality rate when treated with metformin, indicating
a likely association between metformin and tumorigenesis. So far, metformin has been used in cancer
prevention with reduced risk as an adjuvant or neoadjuvent drug. There are evidences from studies
in diabetic cohort and laboratory studies that the action of metformin depends on a balance between
concentration and exposure, which also depends crucially on cell and tissue specific pharmacological
factors. In-vivo and in-vitro studies have revealed that metformin has a direct antitumor effect-which
can depress tumor proliferation and induce apoptosis, autophagy and cell cycle arrest. Yet, there are
several missing links regarding the role of drug transporters and drug-drug interactions, as well as the
expression levels of transporters in normal versus tumor tissues which may affect patient exposure
and dosing when metformin is used in cancer prevention. In this review, we mainly highlight different
mechanistic pathways of anti cancerous outcome and new molecular target of metformin in cancer.

Keywords: Metformin; Phenformin; Biguanides; Breast cancer; Prostrate cancer; Lung (NSCLC) cancer,
Diabetes

Abbreviations: T2D: Type Il Diabetes; AMPK: Adenosine Monophosphate Activated Kinase; ATM: Ataxia
Telengiectasis Mutated; LKB1: Liver Kinase B1; OS: Overall Survival; PFS: Progression Free Survival;
NSCLC: Non-Small Cell Lung Cancer Cells

Introduction

Cancer is a disease in which abnormal and uncontrollable cell proliferation happens and
it may involve adjacent tissue in the body. According to the 2018 reports, cancer is the second
leading cause of death following heart disease globally [1]. According to the world scenario,
WHO has reported that approximately one out of six people die from cancer around the world.
Diabetes is a common disease of human life and can be an important factor for occurrence of
various types of cancer such as colon, rectum, pancreas, and liver cancer compared to non-
diabetic patients [2]. The most probable cause of higher occurrence of cancer in T2D patients
is due to insulin resistance and mitogenic effect caused by hyperglycemia [2].

Biguanides are mainly of three types: Metformin, Phenformin, and Buformin. These
biguanides were used for shorter period of time but since phenformin and buformin cause
production of lactic acidosis they are not used anymore [3,4]. Metformin is a commonly
used drug for treating diabetes now a days. Metformin was first introduced for therapeutic
purpose in Dublin by Emile Werner and James Bell in the year 1922 [5]. They observed that
this compound was capable of reducing blood glucose level in rabbits without affecting
blood pressure and heart rate unlike other similar compounds [6]. Metformin acts to reduce
glycogenesis through 5’ adenosine monophosphate activated kinase (AMPK) signalling and
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increases glucose uptake in muscle cells of diabetic patients which
leads to a decrease in glucose and insulin levels [7-13]. In general,
metformin inhibits mammalian target of rapamycin (mTOR) activity
by activating ataxia telengiectasis mutated (ATM), Liver Kinase B1
(LKB1), and then AMPK -finally prevents protein synthesis and cell
growth.

On chemical point of view, metformin is a synthetic biguanide
and due to the presence of the polar guanidine fraction, biguanides
are hydrophilic bases and exists as cationic species at physiological
pH with a minimal expected passive membrane diffusion [14].
Moreover, due to its positive charge, metformin accumulates
within the matrix of mitochondria, and it inhibits complex I of
the mitochondrial electron transport chain (ETC) resulting in a
reduction in NADH oxidation and finally a reduction in the synthesis
of ATP [15]. Researchers have also revealed that metformin binds
poorly to the mitochondrial membrane compared to phenformin
which may be one of the most important factor involved in the
reduced risk of lactic acidosis compared to phenformin [16].

In case of T2D patients, who consume metformin orally, the
concentration of metformin in the hepatic circulation may reach
50uM; with the maximum plasma concentration of metformin at
20uM [17-19]. The hydrophilic and cationic nature of metformin at
physiological pH makes it highly difficult for rapid diffusion through
the cell membrane and exerts its effect on cell function. Moreover,
the kidneys play a vital role in the elimination of unaltered
metformin through the urine [20]. So, it is evident that for exerting
it's biological function, metformin requires the presence and
support of transporter molecules for its absorption, distribution,
and elimination. In this regard, the organic cation transporters 1, 2,
and 3 (OCT1, OCT2, and OCT3), the plasma membrane monoamine
transporter (PMAT), and multidrug and toxin extrusion protein
1 and 2 (MATE1 and MATEZ2) transporters are reported to play
key roles in transporting metformin into and out of the cell in the
intestine, liver, and kidney [21-29]. The thiamine transporter 2
(THTR?2) also plays a vital role in intestinal absorption and renal re-
absorption of metformin [29]. Alterations in the OCT1 gene reduced
hepatic uptake of metformin and reduced the efficacy of metformin
in reducing blood glucose levels by inhibiting gluconeogenesis and
glycogenolysis [30,31]. In this review article, we focused on the role
of metformin in cancer prevention by highlighting its molecular
mechanism of action and its effectiveness during clinical trials in
cancer.

Mechanism of action of metformin in cancer cells

There are two general mechanisms like ‘direct’ and ‘indirect’
effect that could explain the putative anti-cancer effects of
metformin. The ‘indirect’ anti-cancer effects of metformin arise
from its ability to reduce insulin resistance, insulin levels, and
fasting glucose levels [32]. Physiologically, insulin and insulin-like
growth factor-1 (IGF1) largely regulate carbohydrate and lipid
metabolism and storage and protein synthesis via transmembrane
receptor binding and activation of receptor tyrosine kinase and
subsequent activation of intracellular insulin receptor substrate-1
(IRS1). On the other hand, insulin and IGF1-mediated signalling

pathways are also involved in pathogenesis and progression of
several cancers via the activation of the Ras/Raf/MEK/ERK, PI3K/
Akt/mTORC1, and GSK3f/B-catenin pathways [17,33]. The anti-
proliferative activity of metformin in several cancers is partly due
to its ability to reduce the levels of insulin/IGF1, which in turn
indirectly inhibits the insulin/IGF1 mediated molecular pathways
that support tumor initiation and progression [33]. Metformin also
exhibited ‘direct’ anti-cancer effects in many different cancer cells.
Generally, cancer cells are known to utilize glucose rapidly through
glycolysis (Warburg effect). To meet the energy needs of cancer
cells compared to normal cells, metformin-mediated decrease in
glucose levels should also curb tumor growth, although reports
suggest that cancer cells use alternative sources of energy when
starved of glucose or when glycolysis is inhibited [34-37].

In many cancer cell line, metformin-mediated activation of
AMPK and subsequent modulation and regulation of intracellular
proteins and their functions as anti-cancer/ anti-proliferative
effect was observed [33,34,38-41]. Activation of AMPK in cancer
cells is associated with inhibition of the mammalian target of
rapamycin target 1 (mTORC1), c-Myc, and nuclear factor kappa
light chain enhancer of activated B cells (NF-kB) pathways and
activation of dsRNA ribonucleotide (DICER) and the tumor protein
p53 (p53) pathway. All these pathways are known for exerting
tumor suppressive, anti-proliferative, anti-migratory, and pro-
apoptotic effects through various intracellular mediators, such as
activation of anti-oncogenic genes, and downregulation of pro-
oncogenic genes [42-50]. AMPK also phosphorylates and inhibits
acetyl CoA carboxylase (ACC), thereby reducing lipid biosynthesis
[51]. Inhibition of these anabolic processes of protein and lipid
biosynthesis thus retards cancer cell growth and proliferation [52].

‘AMPK
independent’ anti-cancer effects. This is generally mediated by
regulated in DNA Damage-1 (REDD1; also known as DNA damage
inducible transcript-4-DDIT4), Rag GTPases, and signal transducer
and activator of transcription-3 (STAT3). REDD1/DDIT4 is a
known inhibitor of mTOR signalling and thereby possesses tumor
suppressive properties by inhibition of protein synthesis and cell
survival [53-56]. Researchers have also reported that metformin
activated the p53/REDD1 axis to cause AMPK independent
inhibition of mTOR in cancer cells [57]. Activation of the p53/
REDD1 pathway also reduces the expression of Cyclin D1, followed
by reduction in cell proliferation [58]. These signalling events are

Metformin treatment is also associated with

summarized in Figure 1. On the other hand, metformin treatment
inhibits the mTOR pathway via the inhibition of Rag GTPases in
cancer cells, which in turn reduces protein synthesis and causes
cell cycle arrest [58-60]. The abnormal activity of STAT3 has been
reported in different cancer cells promoting the pro-oncogenic
functions such as initiation, progression, and metastasis [61,62].
Overexpression of STAT3 contributes to cell survival, proliferation,
cell cycle progression, anti-apoptosis, migration,
angiogenesis, chemoresistance, immunosuppression, self-renewal
and differentiation of stem cells by regulating the expression of its
downstream target genes [61,62].

invasion,
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Figure 1: Molecular Mechanism of action of metformin in cancer cells.

General molecular mechanisms of metformin on inhibiting cancer cell growth. Metformin inhibits mitochondria complex
1 and activates adenosine monophosphate activated protein kinase (AMPK) signaling pathway, and/or inhibits the
insulin signalling pathway. Metformin increases levels of AMP and thus promotes activation of AMPK through LKB1
phosphorylation of T172, which by controlling expression of p53 and cyclin D1 contributes in cell cycle arrest. Activation
of AKT/PKB inhibits TSC1/TSC2 expression followed by activation of mTORC1 complex which helps in inhibition of
protein cell synthesis, tumor cell resistance and tumor cell proliferation and activation of autophagic and apoptosis
response. The green marked portion in this figure is indicating our unpublished observation, where we have seen that
metformin mediated activation of AMPK can down regulate expression of MAO-A and this in turn contributes in down
regulation of ROS and finally in the suppression of cancer cell migration and invasion.

IGF-1, insulin-like growth factor-1; IGF-1R, insulin-like growth factor-1 receptor; IR, insulin receptor; OCT1, organic
cation transporter 1, TSC1 & TSC2, Tuberous sclerosis 1 & 2; LKB1, Liver kinase B1; PKB, Protein kinase B.

The multifaceted ability of metformin to influence cancer
cell growth and cancer progression through various molecular
mechanisms, as discussed above, has made it an interesting
candidate drug with potential in the treatment of cancer. In
the following sections of the article, we briefly discuss the pre-
clinical, and clinical studies that are currently testing metformin
as a monotherapy or in combination with other chemotherapeutic
drugs or phytochemicals/natural compounds for its efficacy as an
anti-cancer/anti-tumor agent in the treatment of cancer. We will
also discuss our unpublished observation in case of repurposing
metfomin as anticancer drug in lung cancer treatment and probable
new target of metformin in cancer treatment.

Clinical trials using metformin

Presently, there are several ongoing clinical trials in various
stages that are evaluating metformin as a monotherapy or in

combination with cytotoxic chemotherapy and/or radiotherapy for
the treatment of cancer. The primary aim of these trials is to focus
on establishing the effects of metformin on markers of cellular
proliferation, pathological response rate, progression free survival,
and recurrence free survival.

A sufficient amount of focus has been paid on investigating
metformin as a potential anti-cancer agent for cases of breast
cancer. Of these, two trials are carrying out using metformin
as monotherapy. There are 9 more trials using metformin in
combination with other anti-cancer agents such as capecitabine,
cyclophosphamide, docetaxel, doxorubicin, erlotinib, epirubicin,
exemestane, ganitumab, letrozole, sirolimus and temsirolimus.
One trial is exploring the use of metformin plus atorvastatin
combination as a possible treatment for breast cancer. In addition
to survival outcomes, several well known markers of cancer like
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Ki67, S6 Kinase (S6K), Eukaryotic translation initiation factor
binding protein 1 (4E-BP-1), AMPK are also being employed to
study the effect of metformin on breast cancer. A phase 2 single
arm window of opportunity trial of 39 breast cancer cases [63]
showed significant reduction in Ki67 (36.5 to 33.5 %, p = 0.016)
and an increase in terminal deoxynucleotidyl transferase dUTP
nick-end labelling (TUNEL) staining (0.56 to 1.05, p = 0.004) along
with a significant fall in homeostatic model assessment (HOMA),
used for determining the status of insulin resistance [64]. A
recently published randomized control trial (RCT) also reported a
decrease in Ki67 staining (mean = 3.4%, p = 0.027). Additionally,
it noted an increase in mean AMPK score, fall in pAKT score and
reduced caspase-3 staining in patient samples with the use of
metformin when compared to placebo [65]. A phase II RCT with
200 participants recorded no significant changes in Ki67 level on
comparing metformin and placebo groups. But, interestingly, the
cases with HOMA < 2.8 showed a non significant increase of Ki67
by 11.1% (95% Confidence interval (CI): -0.6% to 24.2%) and those
with HOMA > 2.8 (implying a higher probability of insulin resistance)
showed a non-significant mean proportional decrease in Ki67 by
10.5% (95% CI: -26.1% to 8.4%) [66]. Another non-randomized
phase II trial examined effects of metformin in overweight/obese
patients with stage O-III breast cancer. The calculated In (Ki67)
showed non-significant changes when comparing metformin to
placebo [67]. A different study with 200 participants randomized
to metformin or placebo did not document any major difference
in Ki67 and TUNEL levels (used for assessing cellular apoptosis)
between the two groups. The study did note that TUNEL levels
were higher in women without insulin resistance (metformin: +4%,
interquartile range, IQR: 2-14, placebo: +2%, IQR: 0-7) as compared
to those who had insulin resistance (metformin +2%, IQR: 0-6,
placebo +5%, IQR: 0-15) [68].

Metformin is presently being evaluated as an anti-cancer agent
for either monotherapy or combination therapy in endometrial
cancer as well. The drugs that are currently being assessed in
combination with metformin for the treatment of endometrial
cancer are carboplatin, everolimus, letrozole, paclitaxel, and
megestrol acetate. In conjunction with the clinical response, the
effect of metformin on endometrial cancer is being studied through
awide variety of markers including Ki67, pS6, Akt, pAMPK, ERK1/2,
histone H3, telomerase, topoisomerase Ila and p27. The effect of
using metformin on expression of estrogen receptor (ER) and
progesterone receptor (PR) in cancer tissue of endometrial origin
is also being investigated [69-71].

Metformin is being assessed in combination with various anti-
cancer agents for the treatment of pancreatic cancer. The results
from a phase Il non-randomized trial showed that the combination
of metformin with paclitaxel was not well tolerated, because, 42.1%
patients experiencing grade 3-4 toxicities. A total of 31.6% cases
had to undergo metformin dose reduction after development
of diarrhoea, on the other hand, one case experienced febrile
neutropenia which was attributed to paclitaxel. This trial reported
a median overall survival (0S) of 133 days and median progression
free survival (PFS) as 43 days, but could not meet the disease control

rate endpoint [72]. Another trial, consisting of 120 participants
randomized to metformin or placebo group, noted that although
the combination of metformin, gemcitabine and erlotinib was well
tolerated, the 6 month survival rate was 55% in metformin group
and 66% in placebo group. Moreover, no significant difference was
observed in PFS and median OS between metformin users and non-
users [73].

In case of treatment of prostate cancer, there are two trials that
are using metformin as monotherapy and three in combination with
different agents such as: abiraterone, docetaxel, and enzalutamide.
Data from one trial, a single arm window of opportunity study,
showed a significant reduction in Ki67 index and 4E BP-1 staining
with no changes in pAMPK. Only three of 24 patients developed
grade 3-4 toxicities, indicating that the treatment was overall well
tolerated [74]. The effect of metformin therapy on PFS for prostate
cancer is being assessed in two trials and in one other trial prostate
specific antigen (PSA) response was evaluated. However, till date,
no data is available on survival benefit.

There is one phase II trial of metformin use in non-small cell
lung cancer (NSCLC) combined with stereotactic body radiotherapy.
Very recently, a clinical study was carried out to study the clinical
benefits of concurrent metformin and immune checkpoint
inhibitors (ICIs) in NSCLC patients. This study was carried out as
a retrospective review of 50 NSCLC patients receiving ICls with
metformin (cohort A) or without metformin (cohort B). Overall
response rate and disease control rate were higher in cohort A
(41.1 vs 30.7%, p = 0.4 and 70.5 vs 61.6%, p = 0.5, respectively).
Median overall survival and progression-free survival were also
higher in cohort A (11.5 vs 7.6 months, p = 0.5 and 4.0 vs 3.0
months, p = 0.6, respectively). On subset analysis (second-/third-
line ICIs), overall response rate, disease control rate, median overall
survival, progression-free survival was also higher in cohort A. So,
despite the small-sample size, this study have reported improved
clinical outcomes in patients who received ICls in combination with
metformin [75]. Another clinical trial was carried out to assess the
progression-free survival (PFS) in patients with advanced lung
adenocarcinoma who received treatment with epidermal growth
factor receptor- tyrosine kinase inhibitors (EGFR-TKIs) plus
metformin compared with those who received EGFR-TKIs alone.
Patients were randomly allocated to receive EGFR-TKIs (erlotinib
hydrochloride, afatinib dimaleate, or gefitinib at standard dosage)
plus metformin hydrochloride (500mg twice a day) or EGFR-TKIs
alone. Treatment was continued until occurrence of intolerable
toxic effects or withdrawal of consent. Between 21 months a total
of 139 patients (mean [SD] age, 59.4 [12.0] years; 65.5% female)
were randomly assigned to receive EGFR-TKIs (n = 70) or EGFR-
TKIs plus metformin (n = 69). The median PFS was significantly
longer in the EGFR-TKIs plus metformin group (13.1; 95% CI, 9.8-
16.3 months) compared with the EGFR-TKIs group (9.9; 95% CI,
7.5-12.2 months) (hazard ratio, 0.60; 95% CI, 0.40-0.94; P = .03).
The median OS was also significantly longer for patients receiving
the combination therapy (31.7; 95% CI, 20.5-42.8 vs 17.5; 95% ClI,
11.4-23.7 months; P =.02) [76].
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So,fromtheseaboveclinicaltrial data, itis evidentthatmetformin
can be used in cancer treatment either as monotherapeutic agent or
as a combination therapeutic agent with other chemotherapeutic
drugs to improve overall survival rate (OS) and progression-free
survival (PFS) of cancer patients.

Discussion and Future Direction

Epidemiological data has suggested the use of metformin
with a decrease in the risk of developing cancer and a reduced
cancer related mortality. The information that has been gathered
from preclinical studies has provided encouraging evidence for
anticancer mechanisms of metformin. It has also been suggested
that metformin may well be used as a radiation sensitizer or an
immunotherapy drug, in addition to a direct anti proliferative
agent for the treatment of cancer. Now a days, researchers have
concentrated on finding new target genes which may be used as a
potential therapeutic target in cancer treatment. In our laboratory,
we investigated that monoamine oxidase A (MAO-A), a gene which
contributes to the resolution of inflammation [77] is also involved
in the progression and metastasis of many different cancer cells
[78]. Different previous researches have demonstrated that MAO-
A-mediated production of reactive oxygen species (ROS) can lead
to DNA damage and oxidative injury of cells and may cause tumor
initiation and progression. This shows that MAO-A might have a
significant role in cancer. It has been reported that tumors from
patients with aggressive prostate cancer (PCa) showed increased
expression of MAO-A [79]. MAO-A also suppresses hepatocellular
carcinoma (HCC) metastasis by inhibiting the adrenergic system
and its transactivation of EGFR signalling and increasing MAO-A
expression or enzyme activity may be a new approach that
can be used for HCC therapy [80]. It has also been examined in
prostate cancer cell line, that cytotoxic chemotherapy elevated
the expression of MAO-A which in turn enhances cancer cell
survival following docetaxel (chemotherapeutic drug) exposure
[79]. MAO-A expression may be useful as a prognostic marker for
cancer progression and efforts to modulate MAO-A expression may
prove useful in the treatment of cancer [81]. Growing evidences
thus suggest that MAO-A has an important role in epithelial
to mesenchymal transition (EMT), promoting metastasis and
aggressiveness in different cancer cell.

Recent findings from our group further suggest that IL-13/
IL-13Ral/Stat6 signalling pathway is involved in regulating the
expression/activity of MAO-A in A549 lung epithelial carcinoma
cells via a 15-lipoxygenase (15-LO)-dependent process involving
peroxysome proliferator - activated receptor gamma (PPARy) and
that may be the cause of promoting EMT in this specific lung cancer
cells [80]. Similar result was obtained in HCT116 colorectal cancer
cells and H1229 lung cancer cells where MAO-A is constitutively
present, showed enhanced migration and invasion. On the other
hand, MAO-A expression is induced by IL-13 in A549 lung epithelial
carcinoma cells and expression of this induced MAO-A mediates
ROS generation which is believed to have significant role on A549
cell migration, invasion and proliferation [82].

This finding from our group further strengthen our view that
MAO-A could be an important target in lung cancer treatment.

Next, we asked the question whether metformin- the commercially
available biguanide for treatment of diabetes and well known
AMPK activator has any role in MAO-A regulation and finally in
the regulation of cancer cell aggressiveness in lung cancer cells. An
unpublished observation from our group suggests that metformin
caninhibitMAO-A expressioninIL-13-induced A549 lung carcinoma
cells in a dose dependent manner. We found similar results in
colorectal cancer cell line HCT116 after administration of metformin
where MAO-A was constitutively expressed (our unpublished data).
Moreover, both metformin and phenformin was equally holds
responsible for reducing invasion and migration property in lung
cancer cells (all these observations are now summarized in Figure
1). Additionally, we used a mixture of polyphenolic compounds
which contains some known AMPK activators to check their effect
on the expression of MAO-A in A549 cells. We further demonstrated
that the mixture of polyphenolic compounds were able to inhibit
MAO-A expression in dose dependent manner maintaining similar
pattern as metformin (unpublished observations from our group).
So, these observations likely suggest that metformin, the anti-
diabetic drug could be used in lung cancer treatment and MAO-A
could be a potential therapeutic target for this purpose.

Considering our observation and other preclinical data, it is
evident that MAO-A could serve as a very tempting molecular
target of cancer treatment. A very recent clinical trial data of
MAO-A inhibitor Phenelzine in patients with biochemical recurrent
castrate-sensitive prostate cancer has suggested that therapies
directed at MAO-A may represent a new avenue for treatment in
patients with recurrent prostate cancer [83]. Apart from using
only MAO-A inhibitors or metformin for treatment of cancer in
different clinical trials, both can be used in combination therapy
for better result and efficacy. Moreover, considering the potential of
polyphenolic mixture to regulate MAO-A expression, polyphenolic
mixture in combination with metformin could serve as a very
promising therapy for the treatment of different forms of cancer
in future.

Conclusion

A strong base of epidemiological, laboratory and pre-clinical
data has prompted attempts to probe the anti-cancer effects of
metformin through clinical trials. Metformin has been shown to have
a commendable effect on different markers of tumor proliferation,
invasion and metastasis. But it is still unclear that whether it has
any significant effect on overall survival rates. It is more important
to find better histology and the appropriate stage of tumors for
utilizing metformin therapy. Marking different new molecular
targets involved in this process could also be an effective measure
for further improvement in cancer treatment. The potential use of
metformin as an immunotherapy agent needs to be substantiated
with further evidence to ascertain possible benefits in future.
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