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Introduction
Cancer is a major health concern worldwide and is predicted to 

raise the global burden of cancer in the coming years [1]. Growth 
in the population, improved life expectancy and economic progress 
are main causes of a continuing rise in the burden of cancer. In 2025, 
more than 20 million individuals will be diagnosed with cancer, 
according to global statistics [1]. Malignancies such as colorectal, 
prostate and breast cancer, which are often incurable with existing 
therapies in advanced stages, would be a major contributor to 
this rise. Therefore, tackling these current and future challenges 
requires more effective drugs for cancer.

Although massive investments have been pushed into drug 
production, there is only a small success. Since the 1990s, the 
total number of FDA approvals per year has decreased. The 
average length of time between initial studies and the completed 
regulatory review ranges from 11.4 to 13.5 years. Generally, figures 
of capitalized costs differ, ranging from 2-3 billion dollar per drug 
till hitting the market [2]. The need for more effective anti-cancer 
drugs has ignited a growing interest for drug repurposing, which 
is a concept for using drugs already approved originally for other 
uses to treat cancer by either inducing apoptosis or suppressing 
proliferation. As a result, comprehensive data are available, 
further decreasing the need for further research to investigate the 
pharmacokinetic properties and toxicity. It is likely that the safety 
profile resembles that of the initial indication [3,4]. To maintain 
proliferation, rapamycin, indomethacin and prazosin are proposed, 
while artemisinin and chloroquine induce apoptosis and metformin 
can regulate cell metabolism [5]. The anticipated function and  

 
mechanism of metformin as a possible treatment for cancer will be 
addressed in this mini review.

Metformin 
Several studies have confirmed that there has been a lower 

incidence of colorectal, hepatocellular, pancreatic, stomach, liver, 
oesophagus and lung cancer in users of metformin. A multicentral 
metformin cohort study showed that metformin users had a 
reduced risk of developing cancer, even after various demographic 
features, metabolic parameters and diabetic complications had 
been adjusted [6]. The use of metformin has been associated with 
a favorable response to therapy and improved survival in cancers 
such as hepatocellular carcinoma, colorectal, prostate, HER2+ 
breast cancer, ovarian, pancreatic, esophageal and rectal cancer 
in diabetes patients with proven cancer. This is mediated by 
mitochondrial respiration interference, reducing citric acid cycle 
activity and overall ATP production, but cancer cells can counteract 
this effect by increasing ATP production through elevated aerobic 
glycolysis in a compensatory manner. Thus, the anti-neoplastic 
activity of metformin depends on the ability of cancer cells to enable 
the production of glycolysis-mediated ATP and the availability of 
tissue glucose. 

In addition, cancer cells with mutations in the genes of the 
respiratory complex I and therefore unable to control oxidative 
phosphorylation are more susceptible to metformin. By 
phosphorylation, metformin also activates AMP-activated protein 
kinase (AMPK) [7]. There are many downstream effects of AMPK, 
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among them anabolic pathway inhibition and decreased protein 
synthesis. With mTOR down-regulation, AMPK is associated. 
Indirectly, metformin also activates AMPK via the liver kinase 
B11 tumor suppressor (LKB1). Mechanistically, metformin mTOR 
inhibition tends to occur at the translation level, and metformin 
therapy contributes to mRNA translation suppression in general, 
but also specifically in a series of cancer-promoting genes. In breast 
cancer cells, metformin-treated growth inhibition is mediated by 
activation of AMPK and altered translation of mRNA by inhibition 
of translational proteins such as ribosomal S6 kinase and eIF4E-
binding protein1. In a study of colon cancer in mice in which 

apoptosis and antiproliferation were induced by metformin, a 
similar mechanism was documented (Zaafar, Zaitone, and Moustafa 
2014). In addition, inhibition of factors 4E-BP1 and EF2, also 
essential for translation, is regulated by metformin activation 
of AMPK downstream. AMPK also inhibits the unfolded protein 
response (UPR) in leukemic cells, which is usually activated to 
remove improperly folded proteins in the endoplasmic reticulum. 
Thus, treatment with metformin can cause an accumulation of 
ER stress via unfolded proteins that are not removed due to UPR 
defects, resulting in apoptosis. Metformin’s predicted anti-cancer 
effect was summarized in the Figure 1.
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Figure 1: Shows the different metformin mechanisms in treating cancers. Oct1: organic cation transporter 1, AMPK: AMP 
activated protein kinase, mTOR: Mechanistic target of rapamycin.
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