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Abstract. Increasing evidence suggests that metformin use
is associated with a decreased risk of cancer. The traditional
therapies for gastric cancer (GC) are gastrectomy and chemora-
diotherapy; however, these therapies may cause certain adverse
effects, which affect a patient's quality of life, and the overall
survival rate is low. At present, little is known about whether
the use of metformin decreases the risk of GC in patients with
type 2 diabetes. Therefore, in the present study, a systematic
review was performed to analyze the effect of metformin on
GC. A literature search was conducted in PubMed, EMBASE,
and the Cochrane Library databases for articles published up to
June 30th, 2016. The studies that evaluated GC patients treated
with metformin and compared them with GC patients treated
with other antidiabetic drugs were reviewed. Eligible studies
were evaluated using the Newcastle-Ottawa Scale. Adjusted
hazard ratio and 95% confidence intervals were determined to
evaluate the effect of metformin on GC. From the 422 articles
evaluated, 5 studies involving a total of 1,804,479 patients
met the inclusion criteria and were qualitatively analyzed.
The quality of all selected articles was classified as moderate.
These studies reported that the long-term use of metformin
was associated with a lower risk of GC compared with the lack
of use of metformin or the use of other hypoglycemic drugs. In
GC patients with diabetes who were subjected to gastrectomy,
the cumulative use of metformin reduced the rates of disease
recurrence and of all-cause and cancer-specific mortality.
Despite the limited number of studies on this subject, currently
available evidence indicates that metformin is associated with
a decreased risk of GC and improves survival in patients
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with type 2 diabetes. However, more well-designed trials are
required to elucidate this association.

Introduction

Metformin is a first-line oral hypoglycemic drug and the most
widely used drug for the treatment of type 2 diabetes (1).
Metformin is easily accessed in clinical practice owing to its
low-cost (2) and mild adverse drug reactions (3). The use of
metformin has also been reported to reduce the risk of certain
types of cancer in patients with type 2 diabetes mellitus
(DM) (4-7). Preclinical studies have indicated that metformin
can inhibit the proliferation of cancer cells in vitro and
in vivo (8), and simultaneously induce apoptosis (9). Numerous
clinical studies have reported that metformin has an antineo-
plastic effect on several types of malignancy, including colon
cancer (4), gastric cancer (GC) (10), pancreatic cancer (11),
breast cancer (12), and prostate cancer (5).

GC is one of the most common cancer types and the
second-leading cause of cancer-associated morbidity (13)
owing to its high degree of malignancy, and the recurrence
and mortality rates are high, even following radical resection
and adjuvant radiation and chemotherapy. The 5-year overall
survival (OS) rate is <25% (14).

To the best of our knowledge, no comprehensive systematic
review has reported the effect of metformin use on GC patients
with diabetes. Therefore, in the present study, a systematic
review was conducted to elucidate the potential effect of
metformin on GC among diabetic patients.

Materials and methods

Search strategy. Relevant articles were searched in major
medical databases, including PubMed (www.ncbi.nlm.nih.
gov/pubmed; date of access, June 30 2016), EMBASE (www.
embase.com; date of access, June 30 2016) and the Cochrane
Library (www.cochranelibrary.com; date of access, June 30
2016). All English-language articles published prior to June
30th 2016 were searched using the keywords ‘metformin’,
‘dimethylbiguanide’, ‘metformin hydrochloride’, ‘metformin
HCI’, ‘gastrointestinal neoplasms’, ‘digestive system
neoplasms’, ‘stomach neoplasms’, ‘gastric cancer’, and ‘gastric
neoplasms’. The references of the relevant meta-analyses
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and systematic reviews were then examined to identify other
potentially relevant studies.

Inclusion and exclusion criteria. The following studies met
the inclusion criteria: i) Studies that evaluated GC patients
treated with metformin and compared them with patients who
used other antidiabetic drugs; ii) studies that evaluated the
association between metformin and GC using the hazard ratio
(HR) or adjusted HR and 95% confidence intervals (Cls); and
iii) retrospective or prospective cohort studies, randomized
clinical trials, and case-control studies. If the data were from
the same authors or institutes, only the most recent article or
the highest-quality article was included. The following types of
articles were excluded: i) Reviews, letters, conference abstracts,
and comments; ii) preclinical experiments on metformin and
GC in vitro and in vivo; and iii) studies that evaluated the use
of metformin for other metabolic or endocrine diseases, such
as endometriosis and polycystic ovary syndrome.

Data extraction and quality assessment. Two authors (Drs
Peiwen Li and Cong Zhang) independently reviewed the
included articles and extracted data on the study authors,
year of publication, country, study design, number of partici-
pants, patient age, follow-up, control groups (treatment with
insulin, sulfonylurea or thiazolidinedione, among others),
adjusting variables, adjusted hazard ratio (AHR) and 95% CI,
and conclusions (Table I). Any disagreement between the
two authors was resolved by consulting a third author. The
Newcastle-Ottawa Scale (NOS) (15) was used to assess the
quality of the studies. NOS scores =7 (NOS scores=7,8,9) were
defined as high quality studies. NOS scores =4 were defined
as moderate quality studies (NOS scores=4,5,6) and NOS
scores=1,2,3 were defined as low quality studies (Table II).

Statistical analysis. Statistical analysis was performed with
Stata software (version 12.0; StataCorp, College Station,
TX, USA). The AHR and 95% CI were used to estimate the
association between metformin and GC risk, and P<0.05 was
considered to indicate statistical significance. A P value <0.01
with an I? value of >50% indicated substantial heterogeneity.
The inverse variance method with a fixed-effects model
was applied if no heterogeneity was detected, whereas a
random-effects model was used in the alternative cases.

Results

Search results. A total of 422 studies were initially identified,
and 98 were excluded owing to duplication. After reviewing
titles and abstracts, an additional 306 articles were excluded.
The full texts of 18 studies were then thoroughly reviewed. Of
these, 13 articles were removed due to the publication type.
Therefore, 5 studies were eventually included in the analysis.
No additional articles from the references were added to this
review. Two randomized controlled trials (RCTs) [A Diabetes
Outcome Progression Trial (ADOPT) (16) and Rosiglitazone
Evaluated for Cardiovascular Outcomes and Regulation of
Glycemia in Diabetes (RECORD) (17)] were excluded from
this review: In ADOPT, only one GC patient was included, and
no additional detailed information was available to be extracted
for comparison; and in RECORD, the gastric and intestinal
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malignancies were counted together, which prevented the
determination of the number of cases of GC. The flow chart of
the selection criteria is shown in Fig. 1.

Study characteristics. All the selected articles were cohort
studies, including four retrospective cohort studies and one
prospective cohort study. The populations of the studies
came from European countries (18,19) and Asian coun-
tries (10,20,21). Two included studies focused on GC, whereas
the other three studies evaluated other general cancer types
in addition to GC. The heterogeneity among the articles was
extensive, and included differences in the definition of the
subgroups, follow-up period, drug comparators, dosage, and
duration of treatment.

Metformin and risk of GC. Four studies were based on data
from national or local health databases, or health insurance
population-based databases, and therefore the bias of selec-
tion was almost negligible. However, these studies did not
evaluate the same confounding factors, including body mass
index (BMI), obesity, glucose level, glycated hemoglobin
(HbAlc), smoking history, lifestyle, dietary habits, and
Helicobacter pylori infection, as the databases containing all
the information necessary to estimate the effect of metformin
were unavailable.

Valent (18) compared the effect of the use of metformin
together with other oral hypoglycemic drugs (sulfonylureas,
a-glucosidase inhibitors, and thiazolidinediones, not including
insulin) on the risk of various digestive cancers. These authors
found that type 1 or type 2 diabetes was associated with
increased risk of digestive cancer. Metformin use reduced the
risk of the majority of digestive cancers, including GC (AHR,
0.990; 95% CI, 0.986-0.994). Of note was that the effect of
sulfonylurea on GC was similar to that of metformin (AHR,
0.989; 95% CI, 0.981-0.997).

Kim et al (10) distinguished metformin users from regular
users of insulin and non-users of insulin. In the non-users of
insulin cohort, patients treated with metformin had a signifi-
cantly lower rate of GC compared with those not treated with
metformin (P=0.047); whereas no significant difference in the
rate of GC was observed among the regular users of insulin
(P=0.379). In the group of non-users of insulin, the authors
divided the duration of metformin use into four time intervals
and detected a 43% decrease in the risk of GC in DM patients
who had used metformin for >3 years, after adjusting for
covariates (AHR, 0.57; 95% CI, 0.37-0.87; P=0.009).

Ruiter er al (19) compared the risk of general cancer
between patients using metformin and those using sulfo-
nylurea derivatives, and found that the long-term use of
metformin was associated with a lower probability of cancer
in general compared with the use of sulfonylurea derivatives.
Metformin presented a lower risk of GC compared with
sulfonylurea derivatives (AHR, 0.83; 95% CI, 0.76-0.90).
The authors emphasized that the lower risk of cancer in the
metformin group and the actual decrease in the risk of cancer
by metformin were two different concepts. The comparison
of models on the basis of different covariables indicated that
the risk of cancer was lower in the metformin group compared
with the sulfonylurea group; however, this result did not prove
that metformin decreased the risk of cancer.
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Table II. Assessment of the risk of bias in each cohort study using the Newcastle-Ottawa scale.
Selection Comparability Outcome

Author, year REC SNEC AE DO SC AF AO FU AFU Total Quality (Refs.)
Lee et al, 2016 - + + + - - + + - 5 Moderate (20)
Valent, 2015 + + + + - - + + - 6 Moderate (18)
Kim et al, 2014 + + + + - - + + - 6 Moderate (10)
Ruiter et al, 2012 + + + + - - + + - 6 Moderate (19)
Lee et al, 2011 + + + + - - + + - 6 Moderate 2n

REC, representativeness of the exposed cohort; SNEC, selection of the non-exposed cohort; AE, ascertainment of exposure; DO, demonstration
that outcome of interest was not present at start of study; SC, study controls for age and sex; AF, study controls for any additional factors; AO,
assessment of outcome; FU, follow-up of sufficient duration; AFU, adequacy of follow-up of cohorts.

| Records identified through database searching (n=422) |

l |

!

| PubMed=306 H Embase=116 H

Cochrane=0 |

N |

~

| Records after duplicates removed (n=324) |

y

Records excluded based on

I Records screen (n=324) }——)

the titles and

h

abstracts (n=3086)

Full text excluded (n=13)

Full text assessed for
eligibility (n=18)

1. Review, comment,
> letter (n=9)
2. Experimental studies (n=4)

l

Studies included in the
systematic review (n=5)

Figure 1. Flow chart of study selection.

Lee et al (21) performed a prospective cohort study in
Taiwan and found that metformin treatment reduced the
incidence of total and specific cancers (colorectal, liver, and
pancreatic) compared with the absence of treatment with
metformin. For GC, their results disagreed with those of
previous studies, and metformin did not significantly reduce
the incidence of cancer (AHR, 1.41; 95% CI, 0.42-4.73).

In the present study, the overall effect of metformin on
the risk of GC was determined by conducting a meta-analysis
using HRs combined with 95% CIs. The risk of GC in the
groups that used metformin cumulatively was lower than
that in other study groups, although there was no statistically
significant difference (overall HR, 0.867; 95% CI, 0.726-1.035;
1°=87.2%; Fig. 2).

Metformin and survival of GC. Lee et al (20) evaluated
1,974 patients with GC who were subjected to curative gastrec-
tomy, and found that the non-diabetic patients had markedly
better OS, cancer-specific survival (CSS), and recurrence-free
survival (RFS) rates compared with the diabetic patients.
By contrast, the prognosis of patients with DM treated with
metformin was significantly more favorable than in those not

treated with metformin [OS HR, 0.584 (95% CI, 0.369-0.926);
CSS HR, 0.57 (95% CI,0.334-0.975); RFS HR, 0.633 (95% CI,
0.410-0.977)]. The improvement in the survival of DM patients
treated with metformin was similar to that of non-diabetic
patients, particularly in stage IIT patients. Furthermore,
the results of the multivariable analysis indicated that the
decreased risks of recurrence, cancer-specific mortality, and
all-cause mortality were strongly associated with each addi-
tional 6 months of metformin use [OS AHR, 0.870 (95% CI,
0.801-0.845); CSS AHR, 0.865 (95% CI, 0.782-0.958); RFS
AHR, 0.864 (95% CI, 0.797-0.937)]. As there was only one
study regarding the effect of metformin on the survival of GC,
a meta-analysis on this was not conducted.

Discussion

Several epidemiological studies have observed an increased
risk of cancer (22-26), including stomach cancer (27-29),
colon, breast, endometrial, liver, pancreatic and bladder
cancer (30,31), and prostate cancer (32), in DM patients;
however, the precise underlying mechanisms have not been
elucidated. Factors such as insulin resistance, secondary
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Study ID HR (95% CI) Weight %
Valent, 2015 . 0.990 (0.986-0.994) 44.84
Kim et al, 2014 ——"—;: 0.570 (0.370-0.870) 12.42
Ruiter et al, 2012 -v— 0.830 (0.760-0.200) 40.70
Lee et al, 2011 7\ 1.410 (0.420-4.730) 2.04
Overall (I*= 87.2%, P<0.001) C> 0.867 (0.726-1.035) 100.00
Mote: weights are from random effects analysis

0_2I11 ! 4_TI30

Figure 2. Forest plots of metformin use and gastric cancer risk.

Upregulates
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Figure 3. Potential mechanism of the effect of metformin on cancer cells.

hyperinsulinemia, sex hormones and inflammatory cytokines
may be associated with each other and may promote tumor
cell proliferation in vitro and in vivo via insulin or insulin-like
growth factor (IGF) pathways (26,33). A few studies reported
that diabetes or hyperglycemia was a tumor-promoting
factor for GC. Ikeda and Kiyohara (34) showed that elevated
fasting blood glucose greatly increased the incidence of GC
and, although other risk factors were adjusted for, including
H. pylori infection, a moderate increase in the HbAlc level
remained a promoter of GC. Zhou et al (35) determined that
hyperglycemia promoted the progression of GC via aquaporin 3
(AQP3); the in vitro expression of AQP3 increased when the
glucose levels increased, and AQP3 was overexpressed in GC,
leading to the increased migration of cancer cells.

Metformin is the most widely prescribed oral antidiabetic
drug for patients with type 2 diabetes. Increasing evidence has

demonstrated the anticancer capacity of metformin. A recent
meta-analysis by Wu et al (36) in 2015 evaluated the use of
metformin in patients with type 2 diabetes and indicated that
this use was associated with 14 and 30% reductions in the rates
of cancer incidence and mortality, respectively. Furthermore,
other meta-analyses (37-40) obtained similar results, suggesting
an overall decrease in the risk of cancer by metformin.

Although several laboratory and epidemiological studies
have shown that metformin may serve a general antitumor
role in DM patients, it remains unclear whether metformin
can reduce the risk of specific types of cancer, such as GC.
Therefore, this systematic review was conducted to elucidate
this issue. Three studies (10,18,19) found that metformin
reduced the risk of GC, whereas one study (21) showed that
metformin could reduce the risk of other cancers, excluding
GC. A recent clinical study (20) reported that metformin
improved the survival of GC in diabetic patients subjected to
gastrectomy by decreasing the recurrence, all-cause mortality,
and cancer-specific mortality rates.

Mammalian target of rapamycin (mTOR) is a downstream
target and intersection of numerous signaling pathways
and functions as a modulator of protein synthesis, cellular
growth, cellular proliferation, autophagy and metabolism.
mTOR is composed of mTOR complex (mTORC)1 and
mTORC2. Insulin or IGF1/2 can activate the phosphati-
dylinositide 3-kinase (PI3K)-Akt-mTOR signaling pathway
primarily via mTORCI, thus promoting protein synthesis and
cellular growth and proliferation (41,42). Metformin may indi-
rectly reduce the circulating insulin levels by increasing the
sensitivity of peripheral tissues to insulin, thereby impairing
the insulin or IGF pathways (42). Phosphatase and tensin
homolog deleted on chromosome ten (PTEN) functions as a
cancer suppressor by negatively regulating Akt via interrup-
tion of the upstream signal from PI3K, and metformin may
exert its effect by increasing the level of PTEN and inhib-
iting mMTORCI expression (43). Metformin directly activates
adenosine monophosphate-activated protein kinase (AMPK),
which induces the suppression of mMTORCI expression, ulti-
mately decreasing cell growth and proliferation (44). Tuberous
sclerosis complex (TSC)1 and TSC2 are proteins encoded
by the mutated tumor-suppressor gene in TSC disease (45);



the TSC1/2 complex inhibits mTORCI activity, while Akt
suppresses the activity of TSC2 by phosphorylation (46).
AMPK promotes the formation of the TSC1/2 complex, which
inhibits mTORC]1 activity (47). Therefore, PTEN and AMPK
can suppress tumors by targeting upstream molecules of the
mTOR pathway (Fig. 3).

Zhou et al (48) conducted a review and found that
metformin could regulate miRNA directly and subsequently
modulate downstream genes to prevent oncogenesis and
therapy. Kato et al (8) found that metformin could inhibit
GC cell proliferation and tumor growth by depressing
cell-cycle factors via the modulation of miRNA expression
in vitro and in vivo. In addition, these authors reported that
different treatment periods and metformin concentrations
may lead to differential miRNA expression, which suggests
that the duration and dose of metformin should be considered
on an individual basis. Yu ef al (43) showed that metformin
inhibited cell proliferation and tumor growth by targeting
certain essential genes that affect tumor growth, prolifera-
tion and metastasis. The authors suggested that the dosage
of metformin should be kept low, and that treatment should
be continuous. The results of the studies by Kato er al (8)
and Yu et al (43) agreed with those of Lee e al (20) and
Kim et al (10), who proposed that the long-term use of
metformin could improve survival and significantly reduce
the risk of GC.

Two of the studies (18,19) included in this review evaluated
another type of common hypoglycemic drug, sulfonylureas
or sulfonylurea derivatives. Sulfonylureas are frequently
prescribed with metformin for type 2 DM. As insulin secre-
tagogues, sulfonylureas increase insulin and IGF levels,
which promote tumorigenesis (49); however, it is still debat-
able whether sulfonylurea derivatives can increase the risk of
cancer (50). Glibenclamide was the first second-generation
sulfonylurea drug, and it functions by targeting sulfonylurea
receptors (SURs). To date, a number of studies have indicated
that glibenclamide can inhibit the growth of various types of
cancer (51-54); however, the antitumor mechanisms have not
been fully elucidated. In recent years, certain studies have
focused on potassium (K*) channels, which are involved in
physiological cellular functions, including insulin release,
cell proliferation, and apoptosis. Therefore, the regulation of
K* channels may form the basis of a therapeutic method for
cancer (55-57). Adenosine triphosphate-sensitive potassium
channels (K,rp channels) in the plasma and mitochondrial
membrane are made of SURs, and glibenclamide may target
SURs by closing K, channels, leading to cell damage and
apoptosis (58).

A cohort study by Yang et al (59) involving 6,103
Chinese patients in Hong Kong showed that the use of
gliclazide and glibenclamide may reduce the risk of cancer
in a dose-dependent manner. Additionally, a meta-analysis by
Thakkar et al (37) demonstrated that metformin use reduced
cancer risk (supported by cohort and case-control studies but
not by RCTs) and that sulfonylurea use was associated with
an increase in all-cancer risk (supported by cohort studies,
although case-control studies and RCTs did not prove this
association). Ruiter et al (19) hypothesized that it is less likely
that sulfonylureas are a cancer-promoting factor. These authors
found that the outcomes of patients treated with a combination
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of metformin and sulfonylureas were similar to those of
patients treated with metformin alone. Notably, Valent (18)
found that sulfonylureas had a unique protective association
with the stomach and pancreas, and that sulfonylureas did not
increase the incidence of any type of cancer.

In contrast to the results of other studies, Lee et al (21)
found that metformin had no correlation with a reduced risk
of GC. The possible reasons for this are as follows: i) The
duration of metformin varied significantly among the studies,
which prevented the accurate evaluation of the cumulative
effect [duration of treatment with metformin, 931+£765 days
(mean + standard deviation); 755+1,200 days (median + inter-
quartile range)]; and ii) certain underlying complementary
drugs, such as aspirin (60), vitamin D (61), and statins (62),
which have been found to be associated with cancer risk, may
have confounded the effect of metformin.

There were a number of limitations to the current study. No
RCTs have reported the specific risk of GC in patients treated
with metformin; therefore, the analyses were based on retro-
spective and prospective cohort studies, and strong conclusions
could not be made because of the intrinsic heterogeneity of these
analyses. Only five articles met the inclusion criteria of this
study. The data of the four studies (10,18,19,21) included herein
were obtained from national or local health databases or health
insurance companies, from which critical data were not avail-
able, causing heterogeneity in the results.

To the best of our knowledge, this is the first systematic
review to evaluate the effect of metformin on the risk of GC.
Although only a few studies have focused on this subject to
date, the current evidence indicates that metformin is associ-
ated with reduced risk of GC and improved survival in patients
with type 2 diabetes. However, more well-designed trials
are required to elucidate the anticancer effect of metformin.
Metformin does not decrease normal blood sugar level and,
for this reason, it may be used by non-diabetic individuals as
a protective agent against cancer. However, large, rigorously
designed, and high-quality clinical trials are necessary to
validate this possible effect.
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