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Summary

Background: Metformin is the most commonly used antidiabetic drug with a plethora of pro-
ven metabolic and cardiovascular beneficial effects and exceptional safety profile. On top of
the established metabolic effects, retrospective epidemiologic evidence shows that metformin
use is associated with decreased cancer risk and/or improved disease prognosis in diabetic
cancer patients on metformin compared to those treated with different antidiabetic drugs.
This is a sound argument for eventual repurposing metformin as an adjuvant drug in oncology;
however, evidence-based data are currently needed to establish this. Metformin is a biguanide
that in the context of type 2 diabetes primarily targets the liver. Metformin inhibits oxidative
phosphorylation which leads to the suppression of gluconeogenesis and causes decrease of
blood glucose concentration. Mechanisms responsible for metformin anti-neoplastic effect
have been investigated extensively, and key events seem to centralize around its ability to in-
duce intracellular energetic stress with subsequent changes of metabolism resulting in cyto-
static or cytotoxic action. Large clinical experience with metformin in the treatment of diabetes
together with its plausible effects on different cancer cell types initiated a number of clinical
trials that tested the hypothesis that metformin might have a beneficial effect in the treatment
of cancer. Purpose: The aim of this review is to compile recent advances in our understanding
of metformin antineoplastic effects and to give a summary of the results of recent clinical trials
of metformin for treatment of different cancer types.
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Souhrn

Vychodiska: Metformin je lékem prvni volby u diabetik(, Iékem stale Sifeji vyuzivanym i v nediabe-
tické populaci, a to zejména diky kombinaci efektivity a excelentniho bezpecnostniho profilu. Nad
ramec znamych metabolickych efektll prokazaly retrospektivni epidemiologické studie, ze uzivani
metforminu u diabetikl snizuje riziko vzniku nadorG a/nebo zlep3uje progndzu ve srovnani' s témi,
ktefi uzivaji jind antidiabetika. Toto je velmi silny argument pro to, uvaZzovat o zméné Gcelu indikace
metforminu jako pfipadného adjuvancia v onkologickych indikacich, nicméné je bezpodminecné
nutné ovéfit tuto domnénku v duchu mediciny zalozené na dikazech. Metformin patfi mezi bigua-
nidy a v kontextu diabetu typu 2 zvy3uje citlivost tkani k inzulinu. U¢inkuje pfedeviim na Grovni
jater, kde inhibuje oxidativni fosforylaci, coz vede k supresi glukoneogeneze a zpisobuje pokles
koncentrace glukézy v krvi. Plisobi také na svalové a tukové bunky, ve kterych zlepsuje utilizaci
glukdzy. Mechanizmy zodpovédné za protinddorovy Ucinek metforminu jsou detailné studovany
a zda se, Ze nejdulezitéjsi je jeho schopnost vyvolat intracelularni energeticky stres a nasledné
metabolické zmény, které maji cytostaticky nebo cytotoxicky efekt. Rozsahla klinicka zkuSenost
s metforminem v 1é¢bé diabetu v kombinaci s jeho prokazanym efektem na r(izné typy nadorovych
bunék vedla k zahdjeni mnoha klinickych studii, které testovaly jeho potencial pii [é¢bé nadord. Cil:
Cilem této prace je shrnout soucasné znalosti o protinddorovych ucincich metforminu a vysledky
recentnich klinickych studii s metforminem pfi 1é¢bé rdznych typd nadord.
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Introduction

Metformin is the 1° line antidiabetic drug
worldwide with an exceptional status be-
cause of its efficiency and safety profile. It
is typically well tolerated, weight-neutral
and does not cause hypoglycemia. Fur-
thermore, metformin is inexpensive and
can be safely combined with majority of
antidiabetic drugs. Although its action is
still not fully understood despite the long
history of its use to treat type 2 diabetes
mellitus (T2DM) - since 1957 in Europe
and since 1995 in the US - metformin
has been shown to impact multiple tis-
sues through different molecular mecha-
nisms. Not long ago, its use was extended
to polycystic ovary syndrome, metabolic
syndrome, prediabetes and lately also to
gestational diabetes. Beyond the field of
endocrinology and metabolic medicine,
metformin became at the forefront of on-
cology. Recent epidemiological data con-
sistently show increased incidence of cer-
tain types of cancers in diabetes mellitus,
worse treatment response in diabetics
and also non-negligible effect of antidia-
betic treatments (namely metformin) on
cancer outcomes. Both diabetes and can-
cer are prevalent diseases which make
potential treatment overlap or synergy an
extremely attractive idea. Metformin has
been successfully used for T2DM treat-

complex1
& A

ment for more than 50 years and also
there is a substantial evidence of its an-
ticancer effect - these facts make met-
formin a clear candidate for repurposing
as an adjuvant anticancer therapy. The
aim of the current review is to a) briefly
summarize recent understanding of mo-
lecular mechanism of metformin antidia-
betic and anticancer effects; b) compile
results of clinical trials in oncology that
investigated the impact of metformin
added to standard anticancer treatment
in different solid tumors and; c) identify
recent obstacles and issues preventing
eventual progress in this area.

Mechanisms of action mediating

anti-diabetic effect of metformin

The major target of metformin is most
likely the liver where it reaches much
higher concentration than in the sys-
temic circulation (plasma metformin con-
centration usually 10-40 pmol/L) and
majority of other human tissues [1]. The
crucial antidiabetic effect of metformin is
the inhibition of hepatic gluconeogene-
sis and increase of insulin sensitivity. At
the molecular level, metformin accumu-
lates in the mitochondria where it inhib-
its complex 1 of the respiratory chain [2]
which leads to the subsequent decline
in adenosine triphosphate (ATP) produc-
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Fig. 1. The effect of metformin on hepatocytes.
Metformin activates AMPK through inhibition of complex 1 of the mitochondrial respira-
tory chain and through liver kinase B1. AMPK then inhibits gluconeogenesis and lipid syn-

thesis and activates lipid oxidation.

AMP - adenosine monophosphate, AMPK — AMP-activated protein kinase, ATP — adeno-
sine triphosphate, LKB1 - liver kinase B1, OCT1 - organic cation transporter 1

tion. As the gluconeogenesis is an en-
ergy consuming process, energetic stress
causes its inhibition. The AMP-activated
protein kinase (AMPK) plays a central role
in mediating metformin therapeutic ef-
fects. AMPK - by means of detecting lev-
els of AMP, adenosine diphosphate (ADP)
and ATP - serves as a cellular energy sen-
sor. Increased AMP/ATP and ADP/ATP ra-
tios induced by shortage of ATP produc-
tion, activates AMPK leading to a switch to
catabolic processes replenishing cellular
ATP while inactivating anabolic reactions
consuming ATP. Besides gluconeogenesis,
AMPK inhibits lipid synthesis and stimu-
lates lipid oxidation through phosphoryla-
tion and subsequent activation of enzyme
acetyl-CoA carboxylase [3]. Metformin also
activates AMPK through liver kinase B1 [4]
and, alternatively, through the lysosomal
pathway [5]. Another mechanism (AMPK-
independent) contributing to the sup-
pression of gluconeogenesis operates via
inhibition of mitochondrial enzyme glyc-
erophosphate dehydrogenase [6]. Glyc-
erophosphate dehydrogenase catalyses
regeneration of NAD* from NADH which
contributes to oxidative phosphoryla-
tion. However, NAD* is replenished also by
malate/aspartate shuttle; thus, the contri-
bution of glycerophosphate dehydroge-
nase inhibition to metformin metabolic
effect repertoire must be established.
Fig. 1 summarizes the effect of metformin
on hepatocytes.

Recent evidence suggests that the
gut is another target tissue of metformin
- likely as important as the liver. Buse
et al. [7] conducted randomized clini-
cal trial using delayed-release metformin
with decreased (by 50%) absorption in the
gut. Despite lower plasma concentration,
patients receiving delayed-release met-
formin showed larger decrease of blood
glucose than patients with immediate- or
extended-release metformin. These data
suggest gut-related effects of metformin.
Several candidate mechanisms have been
proposed from animal experiments in-
cluding change of intestinal microbiota,
metabolism of bile acids or secretion of
glucagon-like peptide 1 [8].

Besides liver and gut, metformin is ac-
cumulated significantly in the kidneys
and bladder which likely reflects its elim-
ination route.
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Epidemiological evidence

linking diabetes and cancer

and hypothetic pathogenic
mechanisms

There is growing epidemiological evi-
dence indicating relationship between
diabetes mellitus, namely T2DM, and
increased incidence of certain types
of cancer [9]. Moreover, mortality from
cancer appears increased in people with
pre-existing diabetes [10,11]. Finally, the
effect of various types of glucose-lower-
ing therapies, consistently documented
for metformin, seems to modulate the
risk of cancer incidence and cancer-asso-
ciated mortality [12,13]. The relationship
between T2DM and cancer can be prin-
cipally direct/causal (e.g. diabetes creat-
ing the favorable microenvironment for
cancer to develop) or indirect through
shared risk factors such as obesity, poor
dietary habits and physical inactivity.

Regarding the possibility of direct,
biological relationship between dia-
betes and cancer, multiple metabolic
derangements produced by chronic,
undiagnosed (as is very often the cause
of T2DM) or poorly compensated dia-
betes indeed hypothetically establish
cancer-permissive environment. En-
ergy substrate overload due to insu-
lin resistance and relative insulin defi-
ciency in frank T2DM leads to multiple
alterations of intermediate metabo-
lism [14,15]. The pro/oxidative state in-
duces a profound and complex dysreg-
ulation of cellular metabolism (often
described as gluco-/lipotoxicity) marked
by the overproduction of an array of
harmful metabolites from glycolytic in-
termediates, such as polyols, hexosa-
mines, methylglyoxal, advanced glyca-
tion end-products etc.

Cancer cells have striking metabolic
properties — mainly prevailing aerobic
glycolysis (so called “Warburg effect”)
- that are according to current under-
standing the consequence of active re-
programming of cellular metabolism
during the process of malignant trans-
formation. Metabolic regulation is an in-
separable component of cell prolifera-
tion machinery and has a tight link with
activities of oncogenes and suppres-
sor genes. The major purpose of meta-
bolic reprogramming in cancer cells (but

also in normal intensively proliferating
cells) is to incorporate greater fraction
of glucose metabolites into newly syn-
thesized macromolecules. Some of the
crucial master switches of these adap-
tations are flexibly regulated opposing
insulin/phosphatidylinositol-3-kinase

(P13K)/AKT and LKB1/AMPK pathways

converging at the level of mammalian

target of rapamycin (mTOR, a regula-
tor of protein synthesis and autophagy).

There are several plausible pathogenic

mechanisms in favor of hypothetically

direct facilitating effect of diabetic mi-

lieu on cancer development and/or

progression:

a) hyperglycemia (favouring “Warburg
effect”[16]);

b) hyperinsulinemia (promoting cell pro-
liferation and survival via insulin or
IGF-1 receptors [17,18]);

¢) oxidative stress and inflammation (as
a consequence of gluco- and lipotoxi-
city [19]);

e) decreased sex-hormone binding glo-
bulins in insulin resistance (leading to
excess of free estrogens for estrogen-
-dependent tumors [20]);

f) excessive glycation (exerting proteo-
mic and epigenetic changes altering
cellular phenotype and regulations)
and possibly several others [21,14].

Increasing evidence also suggests that
metformin has an immunomodulatory
effect. Metabolic sensor AMPK is a possi-
ble link between metforminand immune
system as AMPK has been shown to reg-
ulate T cell effector response in vivo [22].
Furthermore, metformin-induced acti-
vation of AMPK enhanced CD8* T cell
memory cells [23]. Recent study showed
that metformin stimulates immune re-
sponse to cancer cells through increas-
ing the number of CD8* tumor-infiltrat-
ing lymphocytes via inhibition of their
apoptosis [24]. However, further investi-
gation of metformin as an immunomod-
ulator and its possible interaction with
immunotherapy is warranted.

Putative anticancer effects

of metformin

Metformin has gained large attention in
2005 when results of the observational
study showing lower risk of cancers as-

sociated with metformin use were pub-
lished [25]. Since then, many analyses
have been performed; substantial epi-
demiological evidence shows that met-
formin use is associated with reduced
risk of many types of cancers, includ-
ing colorectal, pancreatic, liver and
others [26].

Although the notion of metformin as
a possible modulator of cancer risk dates
back to history, molecular mechanisms
underlying metformin anticancer action
(including issue of bioavailability, phar-
macogenetics, effect in non-diabetics
etc.) are still to be determined. Moreover,
itis likely that the effect of metformin on
cancer incidence may result from differ-
ent mechanisms than the effect on can-
cer mortality. The glucose-lowering ef-
fect of metformin is a consequence of
decreased hepatic gluconeogenesis
and increased muscle glucose uptake.
Molecular mechanisms responsible for
these metabolic effects involve both
AMPK-dependent and AMPK-independ-
ent events; the same mechanisms are
likely to be responsible for metformin
anticancer effects as recently extensively
reviewed [27,28].

Despite being supported by solid ep-
idemiological and experimental evi-
dence, there are still several concerns
related to metformin use in cancer treat-
ment. Not all tissues are exposed to
equal and pharmacodynamically rel-
evant metformin concentrations with
highest concentration of metformin
being consistently reported in portal cir-
culation. Metformin molecule has a pos-
itive charge; therefore, its transport into
the cells is an active process depending
on the presence of organic cation trans-
porters. Metformin enters the entero-
cytes through the plasma monoamine
transporter (PMAT, encoded by the gene
SLC29A4) and leaves the cell through or-
ganic cation transporter 1 (OCT1, en-
coded by SLC22A7) [27]. Metformin was
shown to accumulate in cells with high
expression of metformin transporters
(e.g. OCT1 but also others), predomi-
nantly in hepatocytes [28]. Genetic poly-
morphism in genes encoding for organic
cation transporters (several individual
variants) were shown to have a pharma-
cogenetically relevant effect, i.e. their
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carriers exhibited impaired glucose low-
ering effect when metformin was pre-
scribed. Individual response to met-
formin treatment was also studied using
genome-wide approach [29]. The study
found a single nucleotide polymorphism
associated with better response to met-
formin treatment in patients with T2DM
at a locus containing ATM, the ataxia tel-
angiectasia mutated gene. Subsequent
in vitro experiment linked ATM to activa-
tion of AMPK suggesting a possible in-
volvement of cell cycle control and gly-
cemic response to metformin.

Animal studies and clinical trials
with metformin as an adjuvant
anticancer drug

Given the putative pharmacodynamic
restriction mentioned above (mediated
by variable tissue expression of met-
formin transporters), it is not surpris-
ing that initially metformin was widely
studied in relation to colorectal cancer
(CRC), where concentration upon oral
administration tends to be maximal. In-
itially, it was shown that metformin pos-
sessed chemoprotective effect in two
rodent models of CRC [30,31]. The same
laboratory conducted a study in human
nondiabetic subjects investigating the
effect of metformin treatment on the
number of aberrant crypt foci. They
found that metformin inhibits prolifera-
tion of enterocytes and also formation of
aberrant crypt foci [32]. Next, the same
authors initiated a randomized con-
trolled trial in nondiabetic patients who
underwent colorectal polypectomy [33].
Results of the phase lll trial were pub-
lished in 2016 [34] showing colono-
scopy findings in 151 patients enrolled
after 1 year of metformin or placebo ad-
ministration. Metformin reduced prev-
alence and number of polyps together
with indisputable safety for nondiabetic
subjects as no serious adverse events
were detected [34]. In another trial, met-
formin was also added to fluorouracil
in patients with metastatic CRC [35]. In
this phase Il trial, sample size was unfor-
tunately a major limitation as only 11 of
50 patients reached primary endpoint
which was defined as a disease control
at 8 weeks, and only those patients were
further analyzed. The authors found that

obese patients had longer, though sta-
tistically insignificant, median survival.
Metformin treatment was generally
well-tolerated. Finally, metformin was
tested as a potential drug that might
protect from adverse effects of oxalipl-
atin treatment, specifically from periph-
eral sensory neuropathy [36]. The au-
thors reported a protective effect of
metformin — namely less subjects with
more advanced neuropathy and lower
mean pain score in patients receiving
metformin. Also biochemical interme-
diate traits — such as serum malondial-
dehyde and neurotensin — were lower in
the metformin group.

The accumulation of epidemiologic
evidence and findings from in vitro and
animal experiments initiated a num-
ber of clinical trials testing metformin as
a potential adjuvant treatment of many
other cancer types (Tab. 1). Recently,
113 trials are ongoing or recruiting pa-
tients [37] (accessed December 2018).
Nevertheless, 28 trials have been pre-
maturely terminated because of a low
recruitment rate or suffered from other
design issues, other than limited sam-
ple size. 121 studies were completed but
only 17 released results so far. For ex-
ample, in a placebo-controlled phase Il
randomized clinical trial, metformin did
not improve outcomes in patients with
advanced pancreatic cancer [38]. How-
ever, this trial is quite controversial [39]
since patients receiving metformin had
more advanced disease (based on val-
ues of marker CA19.9), and they also
received fewer treatment cycles. Re-
sults of another phase Il trial in patients
with advanced pancreatic cancer re-
ceiving standard systemic therapy with
or without metformin (2g daily) were
reported [40] with no significant dif-
ference in 6-months progression-free,
disease-free and overall survival be-
tween groups.

Metformin was also tested in addi-
tion to aromatase inhibitor in women
with hormone receptor positive ad-
vanced breast cancer [41]. Metformin
did not affect progression-free sur-
vival or overall survival. However, only
women with advanced or metastatic
breast cancer were enrolled. The influ-
ence of metformin on metabolic profile

of women with early breast cancer was
studied [42]; 32 women with baseline in-
sulin > 45 pmol/L received 1,500 mg of
metformin per day for 6 months. After
intervention, women had significantly
lower fasting insulin, total and LDL-cho-
lesterol and improved insulin sensitiv-
ity. The impact of metformin on selected
metabolic and hormonal parameters in
women with breast cancer was tested
in a randomized study [43]. During first
3 months, women received 500 mg daily,
then 1,000 mg daily for 1 month and
for the last 5 months were randomized
to receive 1,000 or 1,500 mg. The arm
with 1,500 mg per day had significantly
lower plasma insulin, HOMA index, tes-
tosterone and free androgen index. Bio-
logical effects of metformin were in-
vestigated also in non-diabetic women
with operable breast cancer [44,45]. Ex-
perimental design was similar for both
studies. Metformin was administered
two weeks before surgery - 500 mg
daily for one week, then 1g twice a day
for another week, while control group
did not receive metformin. Cancer bio-
psy was performed twice - before initia-
tion of metformin and at the time of sur-
gery —and tissue samples were analyzed
using immunochemistry. In the first
study [44], phospho-AMPK was upreg-
ulated while phospho-Akt was down-
regulated in the metformin group. Tis-
sue insulin receptor and serum insulin
did not change during treatment in the
metformin group, while both parame-
ters were higher at the time of surgery
in the control group. Ki-67 (a marker of
cell proliferation) was significantly lower
after treatment with metformin. In the
second study [45], Ki-67 was decreased
in the metformin group. Also, mRNA ex-
pression of several genes was decreased,
including phosphodiesterase 3 D (a reg-
ulator of AMPK), TP53, BRCA and others.
The effect of metformin on cancer pro-
liferation marker Ki-67 was tested also
in non-diabetic women with breast can-
cer 4 weeks prior surgery [46]. Women
received 850 mg of metformin or pla-
cebo, biopsy and blood samples for
measurement of selected markers were
taken at baseline and at the time of sur-
gery. The effect of metformin varied
based on metabolic and tumor charac-
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Tab. 1. Clinical trials examining the effect of metformin on cancer.

Cancer Sample size
site Study author Population (metformin/ Primary outcome
placebo)
Hosono K [32] nondiabetic patients YVIth aberrant 9/14 number of rectal gberrant
crypt foci crypt foci
colorectal Higurashi T [34] non-diabetic adults with previous CRC 71/62 number and prevalence of
cancer adenomas or polyps resected by endoscopy adenomas or polyps
Miranda VC [35] patients with metastatic CRC 50/- disease control rate at 8 weeks
El-Fatatry BM [36] patients with stage Ill CRC 20/20 oxaliplatin-induced neuropathy
. Kordes S [38] patients aged 18 years a.nd older with 60/61 0S at 6 months
pancreatic advanced pancreatic cancer
cancer ; .
Reni M [40] patients aged 18 years and older with 31/29 6-months PES

metastatic pancreatic cancer

postmenopausal women with hormone
ZhaoY [41] receptor-positive locally advanced or 30/30 PFS
metastatic breast cancer

women with early breast cancer with 32/ fasting insulin, cholesterol, insulin

Goodwin PJ [42] baseline insulin > 45 pmol/L sensitivity

postmenopausal women with breast
Campagnoli C [43] cancer without diabetes and with basal 96/-
testosterone levels > 0.28 ng/mL

non-diabetic women with operable invasive 17/22 immunohistochemistry (AMPK,
breast cancer PAKT, Ki-67, insulin receptor)

serum levels of insulin and
testosterone

Hadad SM [44]

breast Hadad S [45] non-diabetic women with operable invasive 17/22 Ki-67 and expression of selected
cancer breast cancer genes
DeCensi A [46] non-diabetic women with breast cancer 100/100 Ki-67, serum mark.ers (HOMA-IR,
prior surgery C-peptide)

overweight/obese non-diabetic patients

Kalinsky K [47] T e W 35/- tumour proliferation change (Ki-67)
Niraula S [48] newly dlagnosed.untreated non-diabetic 39/ Ki-67
women with breast cancer
Sonnenblick A[4g]  Women with diabetes and HER2 positive 5, 46 DFS, distant DFS, OS
breast cancer
Davis SR [50] postmenopausal women with hormone 50/52 tamOX|fen—|nd.uced.end(?metrlal
receptor-positive breast cancer changes and insulin resistance
Hanawa S [51] women with endometrial cancer 27/- protein phosphatase 2A
. . immunohistochemistry (Ki-67,
Schuler KM [52] obese women with endometrial cancer 20/- estrogen receptor, AMPK, mTOR)
endo- . women with atypical endometrial phosphorylated PI3K-AKT-mTOR,
metrial Sivalingam VN [53] hyperplasia and endometrial cancer 2842 cell proliferation (Ki-67)
cancer . . . . .
Mitsuhashi A [54] patients with endometrial cancer 31/- cell prollfe.ratlo.n (Ki-67), C|rcula.t|ng
factors (insulin, glucose, leptin)
Mitsuhashi A [55] patients Y\”th CEfICE] endpmetrlal 36/- relapse-free survival after remission
hyperplasia and endometrial cancer
non- Marrone KA [56] patients with chgmotherapy—nalve advanced 18/6 1-year PFS
squamous or metastatic non-squamous NSCLC
non-small
celllung Parikh AB [57] patients with advanced NSCLC 14/- PFS
cancer

CRC - colorectal cancer, NSCLC - non-squamous non-small-cell lung cancer, OS - overall survival, PFS — progression-free survival,
AMPK - AMP-activated protein kinase, HOMA-IR - homeostatic model assessment of insulin resistance, DFS - disease-free survival,
mTOR - mammalian target of rapamycin, PI3K - phosphatidylinositol 3-kinase
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teristics. Metformin decreased Ki-67 but
only in women with HOMA > 2.8. Tumor
proliferation was evaluated in another
study [47]. Women with body mass index
(BMI) > 25 kg/m? were taking 1,500 mg of
metformin daily. Metformin did not af-
fect Ki-67 but reduced total cholesterol,
BMI and leptin. In the next study, met-
formin was administered to women with
newly diagnosed breast cancer prior to
surgery (500 mg per day for a median
of 18 days) [48]. Its use was associated
with decrease of BMI, weight, HOMA
index and also Ki-67. Metformin was also
studied in the context of human epider-
mal growth factor receptor 2 (HER2) pos-
itive breast cancer [49]. Of 8,381 patients
enrolled, 5.3% had diabetes. Those un-
treated with metformin showed worse
disease-free and overall survival than
patients receiving metformin. Another
trial studied the effect of metformin on
endometrial changes and insulin resist-
ance induced by tamoxifen in breast
cancer [50]. Postmenopausal women
with hormone receptor-positive breast
cancer were randomized to receive
850mg of metformin 2x daily or pla-
cebo for 52 weeks. Endometrial thick-
ness at the end of trial was significantly
lower in the metformin group. Reduc-
tions of parameters related to insulin re-
sistance (weight, waist circumference
and HOMA-IR) were greater in women
with metformin.

Mechanism of antitumor metformin
action was investigated in patients with
endometrial cancer [51]. The authors
found that metformin inhibits expres-
sion of protein phosphatase 2A which
is associated with insulin resistance. An-
tiproliferative and metabolic effects of
metformin were also studied [52]. Obese
women with endometrial cancer re-
ceived metformin (850 mg daily) for up
to 4 week prior surgery. Cell prolifera-
tion as well as expression of phospho-
rylated AMPK and AKT were reduced
by metformin. Another study with sim-
ilar design enrolled women with en-
dometrial cancer receiving 850 mg of
metformin twice a day between diag-
nosis and hysterectomy (median dura-
tion 20 days) [53]. Tissue samples before
and after metformin treatment were ob-
tained and evaluated for markers of cell

proliferation. Metformin induced sig-
nificant reduction of Ki-67. Mitsuhashi
et al. also studied the effect of met-
formin on cell proliferation in endome-
trial cancer [54]. Patients received 1,500-
2,250 mg of metformin daily or no drug
for 4-6 weeks before surgery. Metformin
use reduced Ki-67 and circulating insu-
lin, glucose, insulin-like growth factor 1
and leptin. The same authors admin-
istered metformin together with me-
droxyprogesterone acetate to patients
with atypical endometrial hyperpla-
sia and endometrial cancer in a phase Il
trial [55]. Primary endpoint was relapse-
-free survival, and metformin was shown
to inhibit relapse after medroxyproges-
terone therapy.

Another phase Il trial enrolled patients
with advanced or metastatic non-squa-
mous non-small-cell lung cancer [56].
Patients received carboplatin, paclitaxel
and bevacuzimab with or without met-
formin. Those receiving metformin in
addition to standard therapy showed
higher proportion of reaching 1-year
progression-free survival compared to
historical control (47 vs. 15%). Median
survival of those with and without met-
formin was similar. Metformin was also
administered to patients with advanced
non-small-cell lung cancer in a phase Il
trial. The main limitation was sample size
as only 14 patients were enrolled [57].

Retrospective analysis of phase lland Il
clinical trials in patients with metastatic
renal cell carcinoma was performed [58].
The study focused on overall survival
and stratified patients with carcinoma
according to the presence/absence of
diabetes and the type of antidiabetic
treatment. Total of 4,736 patients in-
cluded 486 diabetics, and of those,
218 received metformin. Overall survival
was not affected by metformin. How-
ever, diabetic patients receiving suni-
tinib and metformin had longer overall
survival than those with other antidia-
betic drugs (29.3 vs. 29.0 months).

Conclusions

Despite convergence between epide-
miologic data and results of in vitro ex-
periments and animal studies, there are
still many issues regarding the evidence-
-based used of metformin in oncology.

Major limitations of studies (both exper-
imental and human trials) published so
far can be summarized as follows: epi-
demiologic evidence comes from obser-
vational studies that have not been de-
signed to study the effect of metformin
treatment on cancer and related out-
comes. Secondly, concentrations of met-
formin used in in vitro experiments are
markedly higher than metformin con-
centration in the plasma and target tis-
sues of human subjects. Of all cancer
types, only those that affect the gut
might be exposed to similar metformin
concentrations as approximately 50% of
metformin is not absorbed [59] and ac-
cumulates in the gut mucosa. Finally, de-
sign of clinical studies considers mostly
very advanced stages of cancers and
short-term metformin administration,
therefore probably a priori limiting its
effectiveness.

In conclusion, further studies of an-
ticancer effect of metformin are war-
ranted and might require different study
designs (especially in long-term users)
rather than ad hoc adjuvant adminis-
tration as suggested in the analysis of
UK-based database showing lower risk
of breast cancer in women with T2DM
using metformin long-term [60]. There-
fore, patients receiving metformin from
early stages may have a bigger chance
to benefit, and adequately powered
studies explicitly testing this hypothesis
are urgently needed.
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