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Abstract

Metformin, one of most widely prescribed oral anti-diabetic drug has emerged as a potential anti-cancer
drug because of its potential anti-tumorigenic effects that are thought to be independent of its
hypoglycaemic effects. Over the last few years, a mass of epidemiologic, outcomes and preclinical data has
emerged that demonstrate the potential clinical relevance and the mechanistic basis of the anti-cancer
activity of this well tolerated drug.

Several potential mechanisms have been suggested for the ability of metformin to suppress cancer growth in
vitro and vivo: activation of LKB1/AMPK pathway, induction of cell cycle arrest and/or apoptosis,
inhibition of protein synthesis, reduction in circulating insulin levels, inhibition of the unfolded protein
response (UPR), activation of the immune system, and eradication of cancer stem cells.

There is also a growing number of evidence, mostly in the form of retrospective clinical studies that suggest
that metformin may be associated with a decreased risk of developing cancer and with a better response to
chemotherapy. There are currently several ongoing randomized clinical trials that incorporate metformin as
an adjuvant to classic chemotherapy and aim to evaluate its potential benefits in this setting.

This review highlights basic aspects of the molecular biology of metformin and summarizes new advances in
basic science as well as intriguing results from recent clinical studies.

Keywords: Metformin, cancer, molecular action, clinical evidence.

Introduction highly important. Metformin, which is commonly
Conventional  therapeutic ~ approaches  for used for type 2 diabetes, may reduce cancer risk.
carcinoma are associated with many adverse A few clinical studies have examined the
effects that reduce quality of life. Therefore, association between cancer and metformin.

identification of new less cytotoxic treatments is
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Therefore, the aim of this systematic review was
to synthesize the available literature of the
potential effect of prevention and treatment of
cancer.

Metformin  (NO,NO-dimethylbiguanide) is the
most widely prescribed oral hypoglycemic agent.
It is believed to exert its effect by reducing hepatic
glucose production and by increasing insulin
sensitivity as well as glucose use by peripheral
tissues. ™! Guanidine was the active ingredient of
Galega officinalis (goat’s-rue or French lilac),
which was used to alleviate polyuria in medieval
Europe. In the 1920s, diabetes pathophysiology
was traced to the pancreas, and in the 1950s
metformin and phenformin, the two main
biguanides, were introduced.™?

Metformin for the treatment of diabetes was
approved in the 1970s in Europe and in 1995 in
the United States. Since then, metformin use has
been gradually increasing with 25 million
prescriptions filled in 2000 and more than 40
million in 2008 in the United States. Its use in
diabetes has shown to increase overall survival
and prevent macrovascular complications better
than other oral hypoglycemic drugs ™

Metformin now has a wide variety of indications.
It has successfully been used in polycystic ovarian
syndrome (PCOS), where insulin resistance is a
key factor for the development of the metabolic
disturbances. In this setting, it has a favorable
effect not only on subfertility but also on
cardiometabolic aberrations observed in this
syndrome, such as hyperlipidemia and hyperten-
sion . It is also used in the management of the
metabolic syndrome ! and diabetes prevention
in high-risk populations.

Metformin has recently received increased
attention for its potential antitumorigenic effects
that are thought to be independent of its
hypoglycemic effects. This has been evaluated in
multiple in vitro and in vivo studies and is now
being tested in clinical trials as an adjuvant to
classic chemotherapeutic regimens.

Material and Methods

This study followed the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses
checklist. Studies were gathered by searching
PubMed, MEDLINE, EMBASE, LILACS, and
the Cochrane database with no time or language
restrictions. Studies that evaluated individuals of
any age that underwent metformin and had cancer
and compared with patients without treatment or
patients that use other kind of treatment for
HNSCC (drugs or radiotherapy) were considered.
Selected articles were evaluated according to the
Critical Appraisal Skills Programs. Of 107
identified citations, 3 studies met the inclusion
criteria and were used for qualitative analysis.

Discussion

The current proposed anticancer molecular action
of metformin is mainly associated with the
inhibition of the mammalian target of rapamycin
complex 1 (MTORC1).The mTOR pathway plays
a pivotal role in metabolism, growth and
proliferation of cancer cell . Metformin is
thought to inhibit mTORC1 pathway . It is
believed that systemic effect of metformin
manifested by the reduction of circulating level of
insulin and insulin like growth factor 1 (IGF-1)
might be associated with anticancer action .
Insulin/IGF-1 is involved not only in regulation of
glucose uptake but also in carcinogenesis through
upregulation of insulin/IGF receptor signalling
pathway ®1. The excessive food consumption
(insulin) leads to increased liver production of
IGF-1 that binds to IGF-1 receptor and insulin
receptor. Then, through insulin receptor substrate
(IRS) the signal is transmitted to phosphoinositide
3-kinase (PI13K), and Akt/protein kinase B (PKB)
that indirectly activates (not phosphorylates)
mTORCL.

Additionally, insulin receptor through growth
factor receptor-bound protein 2 (GRB2)
propagates signal to Ras/Raf/ERK pathway that
drives cell growth. Evidences indicate that these
pathways play important role in changes of
cellular metabolism that are typical feature of
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tumor cells 1. Increased levels of circulating
insulin/IGF1 and upregulation of insulin/IGF
receptor signaling pathways were demonstrated to
be involved in the formation of many types of
cancer. Metformin was found to reduce insulin
level, inhibit insulin/IGF signaling pathways, and
modify cellular metabolism in normal and cancer
cells [,

Evidences suggest that the inhibition of mTOR
pathway by metformin proceeds dependent and
independent on AMP-activated protein kinase
(AMPK) activation. AMPK phosphorylates
tuberous sclerosis complex protein 2 (TSC2) that
inhibits MTORC1 leading to decrease in protein
synthesis and cell growth . Among the first
studies that showed the participation of AMPK
activation in antitumor action of metformin were
researches performed on breast cancer cells 04,
Dowling et al. showed that compound C, an
inhibitor of AMPK, reversed inhibition of
initiation of translation evoked by metformin ™.
Several studies identified that liver kinase B1
(LKBL1), a major upstream kinase of AMPK, may
be involved in anticancer action of metfromin
associated with inhibition of mTOR. In vitro and
in vivo studies revealed that deletion of LKB1
function accelerated proliferation of tumor cell
and sensitized them to activators of AMPK such
as biguanide 2131,

Growing evidences from in vivo and in vitro
studies of various cancers revealed that metformin
blocked cell cycle in GO/G1 phase with a
significant decrease expression of G1 cyclins
(including cyclin D1) without changes in p53
status ****). However, others researches indicated
that inhibitory effect on cancer cell growth of
metformin was associated with p53 activity 671,
Taking together the results of preclinical studies
are inconclusive whether antitumor action of
metformin is associated with p53.

There are currently several clinical trials under
way that aim to test the efficacy of metformin as
an adjuvant to conventional chemotherapy as well
as in combination with new, targeted agents in
various settings such as breast, prostate cancer,

and other solid malignancies. First, in some of
these studies, metformin was tested for the first
time in nondiabetic patients. Diabetes and higher
serum insulin levels are a well-recognized

risk factor for numerous malignancies including
pancreatic 8 prostate % as well as breast
cancer %1,

If insulin is in fact directly involved in the
pathogenesis of these cancers, it is reasonable to
expect a greater effect size if metformin was
tested in diabetic patients and a smaller one in
nondiabetics. Significant  differences in
nondiabetic patients will be very encouraging and
will prompt further research in diabetic patients at
least for the subset of malignancies where diabetes
is a risk factor. In addition, not involving diabetic
patients will put the emphasis on the inherent,
direct antitumorigenic effects of metformin and
not on its indirect ones.

Summary and Conclusion

Review of existing literature revealed that
individuals taking metformin had decreased rates
of locoregional recurrence and metastasis and
improved overall survival and disease-free
survival rates. Individuals taking metformin had a
lower incidence of cancer than those not taking
metformin. Though there are only a few studies on
the topic, currently available evidence suggests an
inverse association between cancer recurrence and
metformin use.

Acknowledgements: NONE
Sources of support in the form of grants:
NONE

References

1. United Kingdom Diabetes study group,
United Kingdom Prospective Diabetes
Study (UKPDS). 13: Relative efficacy of
randomly diet, sulphonylurea, insulin, or
metformin in  patients with newly
diagnosed non-insulin dependent diabetes
followed for three years. BMJ, 1995.
310(6972):83-8.

Dr. Asmita Jain et al IMSCR Volume 05 Issue 04 April 2017

Page 20335




10.

11.

Diamanti-Kandarakis E, Economou F.,
Palimeri S, Christakou C, Metformin in
polycystic ovary syndrome. Ann N Y
Acad Sci. 2010;1205:192-8.

Bianchi C, Penno G, Romero F, Del Prato
S, Miccoli R. Treating the metabolic
syndrome. Expert Rev Cardiovasc Ther.
2007;5(3):491-506.

Knowler WC, Barett-Connor E, Fowler
SE, Hamman RF, Lachin JM, Walker EA,
Nathan DM. Reduction in the incidence of
type 2 diabetes with lifestyle intervention
or metformin. N Eng J
Med.2002;346(6):393-403.

LeRoith D, Roberts CT Jr. Insulin-like
growth factors and cancer. Ann Intern Med
1995;122:54-9.

Memmott RM, Mercado JR, Maier CR, et
al. Metformin prevents  tobacco
carcinogen-induced lung tumorigenesis.
Cancer Prev Res (Phila) 2010;3:1066-76.
Schmelzle T, Hall M. TOR, a central
controller of cell growth.Cell.
2000;103(2):253-62.

Inoki K, Zhu T, Guan KL. TSC2 mediates
cellular energy response to control cell
growth and survival. Cell. 2003;115
(5):577-90.

Gwinn DM, Shackelford D, Egan DF,
Mihaylova MM, Mery A, Vasquez DS,
Turk BE, Shaw RJ. AMPK phosphor-
ylation of raptor mediates a metabolic
checkpoint. Moll Cell.2008;30(2): 214-26.
R. J. Dowling, P. J. Goodwin and V.
Stambolic, “Under- standing the Benefit of
Metformin Use in Cancer Treat- ment,”
BMC Medicine, Vol 9,No 33,2011,pp. 1-6.
Liang J, Shao S, Xu ZX, Hennessy B,
Ding Z, Larrea M, Kondo S, Dumont DJ,
Gutterman JU, Walker CL, Slingerland
JM, Mills. The energy sensing LKB1-
AMPK  pathway regulates p27(kipl)
phosphorylation mediating the decision to
enter autophagy or apoptosis. Nat Cell
Biol. 2007;9(2):218-24.

12.

13.

14.

15.

16.

17.

18.

Hudson CC, Liu M, Chiang GG, Otterness
DM, Loomis DC, Kaper F, Giaccia AJ,
Abraham RT. Regulation of hypoxiaind-
ucible factor lalpha expression and
function by the mammalian target of
rapamycin. Moll Cell Biol. 2002;22
(20):7004-14.

Majumder PK, Febbo P, Bikoff R, Berger
R, Xue Q, McMahon LM, Manola J,
Brugarolas J, McDonnell TJ, Golub TR,
Loda M, Lane HA, Sellers WR. mTOR
inhibition reverses Akt-dependent prostate
intraepithelial neoplasia through regulation
of apoptotic and  HIF-1-dependent
pathways. Nat Med. 2004;10(6):594-601.
Zakikhani M, Dowling R, Fantus IG,
Sonenberg N, Pollak M. Metformin is an
AMP kinase-dependent growth inhibitor
for breast cancer cells. Cancer Res.
2006;66(21):10269-73..

Alimova IN, Liu B, Fan Z, Edgerton SM,
Dillon T, Lind SE, Thor AD. Metformin
inhibits breast cancer cell growth, colony
formation and induces cell cycle arrest in
vitro. Cell Cycle. 2009;8(6):909-15.

Liu B, Fan Z, Edgerton SM, Deng XS,
Alimova IN, Lind SE, Thor AD.
Metformin induces unique biological and
molecular responses in triple negative
breast cancer cells. Cell Cycle. 2009;8
(13):2031-40.

Yang XR, So M, Rimm DL, Lissowska J,
Brinton LA, Peplonska B, Hewitt SM,
Anderson WF, Szeszenia-Dabrowska N,
Bardin-Mikolajczak A, Zatonski W,
Cartun R, Mandich D, Rymkiewicz G,
Ligaj M, Lukaszek S, Kordek R, Garci a-
Closas M. Differences in risk factors for
breast cancer molecular subtypes in a
population- based study. Cancer Epidemiol
Biomarkers Prev. 2007; 16(3):439-43.
Everhart J, Wright D. Diabetes mellitus as
a risk factor for pancreatic cancer. A meta-
analysis. JAMA. 1995;273(20):1605-9.

Dr. Asmita Jain et al IMSCR Volume 05 Issue 04 April 2017

Page 20336




19. Albanes D, Weinstein S, Wright ME,
Ma nnisto” S, Limburg PJ, Snyder K,
Virtamo J. Serum insulin, glucose, indices
of insulin resistance, and risk of prostate
cancer. J Natl Cancer Inst.2009;101
(18):1272-9.

20. Gunter MJ, Hoover D, Yu H, Wassertheil-
Smoller S, Rohan TE, Manson JE, Li J, Ho
GY, Xue X, Anderson GL, Kaplan
RC,Harris TG, Howard BV, Wylie-Rosett
J, Burk RD, Strickler HD.Insulin, insulin-
like growth factor-l, and risk of breast
cancer in postmenopausal women. J Natl
Cancer Inst. 2009;101(1):48-60.

Dr. Asmita Jain et al IMSCR Volume 05 Issue 04 April 2017 Page 20337




