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ABSTRACT

Background:

Existing data evaluating the impact of metformin on the colorectal adenoma (CRA)
risk in patients suffering from type 2 diabetes (T2D) are limited and controversial. We
therefore summarized the studies currently available and assessed the relationship
between metformin treatment and risk of CRA in T2D patients.

Methods:

We systematically searched databases for eligible studies that explored the
impact of metformin treatment on the occurrence of CRA in T2D patients from
inception to June 2016. The summary odds ratio (OR) estimates with their 95%
confidence interval (CI) were derived using random-effect, generic inverse variance
methods. Sensitivity analysis and subgroup analysis were performed.

Results:

Seven studies involving 7178 participants met the inclusion criteria. The pooling
showed that metformin therapy has a 27% decrease in the CRA risk (OR, 0.73; 95%
CI, 0.58 - 0.90). In subgroup analysis, we detected that metformin exhibits significant
chemoprevention effects in Asia region (OR, 0.68; 95% CI, 0.48 - 0.96). Similar
results were identified in both studies with adjusted ORs and high-quality studies
(OR, 0.66; 95% CI, 0.50 - 0.86 and OR, 0.70; 95% CI, 0.58 - 0.84, respectively).
Of note, an inverse relationship was noted that metformin therapy may result in a
significant decrease in the advanced adenoma risk (OR, 0.52; 95% CI, 0.38 - 0.72).
Low heterogeneity was observed, however, the results remained robust in multiple
sensitivity analyses.

Conclusions:

This meta-analysis indicates that metformin therapy is correlated with a
significant decrease in the risk of CRA and advanced adenoma in T2D patients. Further
confirmatory studies are warranted.

INTRODUCTION

Colorectal cancer (CRC) represents the fourth
most common cause of cancer death worldwide [1], with
a continuous increase in prevalence and mortality [2].
Based on the widely recognized adenoma-carcinomas
sequence, most CRCs originate as precancerous adenomas
[3]. Therefore, the removal of colorectal adenoma (CRA)

may reduce the probability of subsequent occurrence of
advanced adenoma and CRC [4].

In recent years, however, a conversion in approach
from early detection of precancerous adenoma and
cancer to new cancer prevention strategies, such as
chemoprevention, which may be beneficial for optimal
CRC prevention in average-risk populations when
combined with colonoscopies has been studied [5]. Many
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agents are explored extensively for chemopreventive
potential against CRC development, such as calcium
[6], folic acid [7], vitamin [8] and nonsteroidal anti-
inflammatory drugs (NSAIDs) [9]. Among these
pharmacological agents available for prophylaxis,
NSAIDs, particularly COX-2 inhibitors, have exhibited
the most promising chemopreventive effect on decreasing
the risk of CRC [10]. However, COX-2 inhibitors have
some serious side effects, including gastrointestinal
bleeding, ischemic stroke and cardiovascular events [11,
12], and other agents that originally showed promise in
this setting no longer demonstrate any significant efficacy.
Therefore, novel drugs with high safety and effectiveness
in the prevention of CRC are urgently required to be
developed. A growing body of studies have suggested
that CRC is correlated with several lifestyle diseases,
including obesity and diabetes mellitus [13-15]. Thus, it
has suggested that these conditions may be the targets for
prevention of CRC.

Globally, diabetes is a well-established,
independent risk factor for CRC; hyperinsulinemia
induced by insulin resistance has been considered as an
importantly latent mechanism linking obesity, immobile
life and poor diet to CRC [16-18]. Encouragingly,
several preclinical studies have shown that conventional
antidiabetic medication, especially metformin, may
modify the risk of CRC. Metformin is a biguanide
derivative that is frequently used as the first-line drug
for type 2 diabetes (T2D) [19]. Metformin improves
insulin resistance and lowers glucose production by
inhibiting gluconeogenesis and glycogen decomposition
in the liver and increasing glucose absorption by muscle
tissues [20, 21]. Unlike other oral antidiabetic drugs,
metformin does not stimulate insulin secretion directly
and has been recommended as the initial treatment of
diabetes [22]. Importantly, metformin is well tolerated
in most subjects with a good safety profile and low cost,
thereby being easily accessible in clinical practice for
large populations. Experimental data obtained from
in vitro and animal studies identified that metformin
can suppress proliferation of cultured cancer cells
and lower cancer risk [23]. In addition, previous
studies have indicated that metformin is involved in
the tumor-suppressor pathway by inhibiting lipogenic
pathways and stimulating liver kinase B1 (LKBI1)-
dependent activation of 5-AMP-activated protein
kinase (AMPK), an inhibitor of cell proliferation via
the mammalian target of rapamycin (mTOR) pathway
[24, 25]. Similarly, in vitro experiments have shown
that metformin triggers cell growth arrest [26], induces
cell apoptosis [27], and inhibits invasive properties
of cancer cells [28]. Animal experiments concur with
these findings. Non-diabetic mouse model has shown
that metformin suppresses the polyp growth [29] and
colonic epithelial proliferation [30], suggesting a

promising candidate for the chemoprevention against
CRC. In addition, a clinical trial in humans showed
that oral administration of metformin at a low-dose of
250 mg/day is safe and able to inhibit the colorectal
aberrant crypt foci (ACF) formation [31]. ACF has been
regarded as a very useful CRC biomarker [32].

However, existing data evaluating the association
between metformin and CRA are limited and controversial.
Thus, a meta-analysis was performed in this paper to
summarize literature available to date to assess the impact
of metformin treatment on the CRA risk in patients
suffering from T2D.

RESULTS

Search results

A flowchart describing the identification and
selection of studies is summarized in Figure 1. A total of
127 articles were obtained until June 2016 by searching
the databases systemically. The references of the included
studies and relevant reviews did not yield additional
studies. After exclusion of duplicates and screening the
title and abstracts, the full texts of 16 articles remained
for further evaluation. After reviewing the full text, 7
observational studies assessing the relationship between
metformin therapy and CRA risk in T2D patients were
selected for eligibility [33-39]. One meeting abstract
and an article were found, both of which were based on
overlapping data from the same cohort study [33, 40]. To
ensure no duplicate data were included, only the largest
sample size or the most rational information from retrieved
studies was selected [40].

Study characteristics

A total of seven eligible retrospective studies
involving 7178 patients, including 2660 cases and 4518
controls were included in this analysis. Among them,
four studies represented Western population (Unites
States; ref. [34, 35, 39, 40]), the remaining three studies
were performed in an Asian population (Korea; ref.
[36-38]). Chronologically, the earliest study started
in 1998, while the most recent one ended in 2014. Six
selected studies were published between 2008 and 2015.
Seven studies investigated the relationship between
metformin treatment and the risk of CRA in T2D
patients, of which five studies performed adjusted odds
ratio (OR) for confounders [35-39]. Five studies adjusted
for following confounders: age (5/5), gender (5/5), BMI
(4/5), aspirin use (4/5), smoking status (3/5), insulin
use (2/5), alcohol use (2/5). In addition, four studies
reported the relationship between metformin treatment
and the advanced adenoma risk [37, 38, 40, 41]. Of
these four studies, only two studies adjusted for relevant
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confounders. The properties of each study included in
the meta-analysis can be found in Table 1. Using the
Newcastle-Ottawa quality scale (NOS) tool [42], the
average score was 7.1, and the score for each study was
6 or above, suggesting all studies except two were of
high quality. Quality assessments of each included study
are presented in Supplementary Table S1.

Overall CRA

Seven studies with available data were included
for quantitative meta-analysis [34-40]. Among the seven
observational studies that reported CRA incidence, four
studies demonstrated an apparent chemoprotective
association and the remaining three studies did not
indicate any statistically significant relationship. In a
pooled analysis of all seven studies, compared with
treatment without metformin, treatment with metformin
was correlated significantly with the reduction in CRA
incidence by 27% (OR, 0.73; 95% CI, 0.58 — 0.90; P
<0.01), with a low heterogeneity (I> =49%; Q = 11.87, P
=0.06) (Figure 2).

Colorectal advanced adenoma

Only four studies reported the incidence of
colorectal advanced adenoma in T2D patients with
metformin therapy [36-38, 40]. Of these four studies, two
studies showed an apparent chemoprotective association.
In contract, the other two studies did not show statistical
differences between metformin therapy group and non-
metformin therapy group. Pooling showed that there was
statistically significant association between metformin
therapy and colorectal advanced adenoma (OR, 0.52; 95%
CI, 0.38 — 0.72; P <0.01), with insignificant heterogeneity
(I* =30%, Q =4.27, P=0.23) (Figure 3).

Subgroup analyses

Subgroup analyses across several different variables
were further performed to investigate the heterogeneity of
the studies (Table 2). A reduction with statistical significance
in CRA risk in T2D patients treated with metformin was
obtained in studies conducted in Korea region or studies with
adjusted ORs (OR, 0.68; 95% CI, 0.48-0.96; P=0.03 and OR,
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Figure 1: Flow diagram of included and excluded trials.
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Table 1: Main characteristics of studies included in the meta-analysis of association between metformin therapy and
risk of CRA in T2D patients.

Source* Recruitment Study Gender Age (mean Total OR (95%  Controlled variables NOS

period type (% male) + SD) participants CDh scores
Chung, 2003-2006  Case- I1:52C:52 1.66.8+94 100 A:0.70 Age, gender, BMI, 8
2008, control C:66.2 £ (0.30-1.40) duration of DM, serum
Korea 10.9 levels of HbAl¢ and

lipids, use of insulin
and aspirin

Lee, 1998-2008 Cohort I: 71 R:72 1:61.4+8.0 240 A:0.27 Age, gender, BMI, 6
2012, C:623+79 (0.10-0.75) stage of cancer, family
Korea history of CRC,

follow-up duration, No.
of total colonoscopies,
interval to first follow-
up colonoscopy, No.
of baseline CRA,
treatment modality, use
of aspirin, insulin and

thiazolidinediones

Kanadiya, 2008-2009 Cohort NA NA 405 A:0.55  Age, gender, smoking 8
2013, (0.34-0.87) status, use of alcohol
U.S.
Jain, 2012-2014  Cohort NA NA 676 C:0.68 NA 7
2014, (0.48-0.95)
uU.S.
Cho, 2001-2013  Cohort I: 60 R: 54 I: 60.1 = 3105 A:0.73 Age, gender, BMI, 8
2014, 10.8 C: 63.9 (0.55-0.98) triglyceride, HbAlc,
Korea +12.0 duration of DM,

smoking status, use of

aspirin and stain

Kim, 2002-2012  Cohort I: 70 R: 67 1:58.8+9.9 240 A:0.87 Age, gender, BMI, 7
2015, C:61.6+ (0.45-1.62) smoking status, use of
Korea 10.3 aspirin and alcohol
Marks, 2000-2009  Cohort I: 61 R: 64 NA 2412 C:0.94 NA 6
2015, (0.80-1.11)
U.S.

*First author, publication year, country.

I, intervention group; R, reference group; NA, not available; OR, odds ratio; 95% CI, 95% confidence interval; A, adjusted
effect size; C, computed effect size; BMI, body mass index; CRC, colorectal cancer; CRA, colorectal adenoma; T2D, type 2
diabetes; DM, Diabetes mellitus; NOS, Newcastle-Ottawa quality scale.

0.66; 95% CI, 0.50 — 0.86; P <0.01, respectively), which were However, there was a statistically insignificant association in
consistent with the result of the overall analysis. In contrast, low-quality group (OR, 0.56; 95% CI, 0.17 — 1.86; P =0.34).
a borderline association was noted among the three studies

conducted in the United States and studies with unadjusted Sensitivity analysis

ORs (OR, 0.74; 95% CI, 0.54 — 1.03; P =0.07 and OR, 0.83;

95% CI, 0.60 — 1.13; P = 0.24, respectively). In the subgroup Multiple sensitivity analyses were performed to
analyses regarding Study quality’ hlgh_quahty studies revealed further confirm the Vahdlty of the results. It was found that
an inverse relationship between metformin therapy and CRA none of the exclusions of a specific study would change
risk in T2D patients (OR, 0.70; 95% CI, 0.58 — 0.84; P the magnitude or direction of the summary effect for the
<0.01), with null heterogeneity (I>= 0%; Q = 1.55, P=0.82). correlation between metformin therapy and CRA risk in
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T2D patients (OR, 0.67 — 0.78, P <0.05). Additionally,
the significant association remained unchanged after
excluding one study [38] reported with relative risk (RR)
or one study [40] published in abstract form (OR, 0.65;
95% CI, 0.53 — 0.80; P <0.01 and OR, 0.66; 95% CI,
0.50 — 0.86; P <0.01, respectively). Furthermore, we also
evaluated the effect of the large included studies on overall
pooled estimate. When removing two large included
studies [34, 37], the comparison remained unchanged and
still statistically significant (OR, 0.63; 95% CI, 0.49 —
0.81; P <0.01).

Publication bias

No evidence supporting publication bias was found
based on visual inspection of the funnel plot and Begg test
(P =0.368) (Supplementary Figure S1).

DISCUSSION

This represents the most contemporary meta-
analysis, to the best of our knowledge, demonstrating
an association between metformin therapy and CRA
risk in T2D patients. The findings of the current study
demonstrated that metformin therapy was reversely
correlated with the decrease in the risk of CRA in T2D

patients, with an about 27% reduction compared with
the non-metformin therapy. Moreover, we identified
for the first time that there was a statistical significant
inverse relationship between metformin therapy and the
colorectal advanced adenoma risk in T2D patients. No
substantial difference in pooled estimates was detected in
multiple sensitivity analyses, and no individual study had
excessive influence on the overall results. Our findings
were similar to a recent meta-analysis [43] published on
this topic; however, the authors did not include a case-
control study [39] met the prespecified inclusion criteria.
It should be noted that this meta-analysis included only
three studies exploring the effect of metformin on the risk
of CRA, comprising 3745 subjects. Our meta-analysis
had a markedly larger sample size than this study; we
also evaluated the advanced adenoma risk with metformin
therapy, and our study was up to date.

In the subgroup analyses, the results were
significantly affected by study location, ORs with or
without adjusted confounders, and study quality. When
stratifying studies by location, it was demonstrated that
metformin therapy was associated with a significant
decrease in CRA risk in Asia, while no significant
association was found in North America. Of interest, the
antineoplastic relationship between metformin therapy and
CRA risk was more evident in Asian people. Differences

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% Cl
Cho 2014 -0.3038 0.1463 21.6% 0.74 [0.55, 0.98] Bl
Chung 2008 -0.3567 0.4323 5.6% 0.70[0.30, 1.63] _
Jain 2014 -0.3914 0.1738 18.7% 0.68 [0.48, 0.95] el
Kanadiya 2013 -0.5978 0.2454 12.9% 0.55[0.34, 0.89] -
Kim 2015 -0.1439 0.3306  8.5% 0.87 [0.45, 1.66] T
Lee 2012 -1.3093 0.5068 4.2% 0.27 [0.10, 0.73] -
Marks 2015 -0.0608 0.0859 28.5% 0.94 [0.80, 1.11] ki
Total (95% CI) 100.0% 0.73 [0.58, 0.90] ‘
Heterogeneity: Tau? = 0.04; Chi2 = 11.87, df = 6 (P = 0.06); I> = 49% ’0.0 p oi p ] 150 p oo=

Test for overall effect: Z = 2.88 (P = 0.004)

Favours Metformin Favours Non-Metformin

Figure 2: Forest plot for the meta-analysis of studies examining the association between metformin treatment and
risk of CRA in T2D patients. CI, confidence interval; IV, inverse variance; SE, standard error; CRA, colorectal adenoma; T2D, type

2 diabetes.
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Cho 2014 -0.7133 0.1165 57.0% 0.49[0.39, 0.62] L
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Kim 2015 26311 11211 2.1% 0.07 [0.01, 0.65] *¢
Lee 2012 -0.5108 04612 11.1% 0.60 [0.24, 1.48] 1
Total (95% CI) 100.0% 0.52 [0.38, 0.72] 4
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Figure 3: Forest plot for the meta-analysis of studies examining the association between metformin treatment and
risk of advanced adenoma in T2D patients. CI, confidence interval; IV, inverse variance; SE, standard error; T2D, type 2 diabetes.
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Table 2: Subgroup analyses of relationship between metformin therapy and risk of CRA in T2D patients.

Test of Relationship Test of Heterogeneity
Subgroup No. of No. of OR (95% CI) P value QOvalue P value I, %
studies patients

Overall 7 7178 0.73 (0.58-0.90) <0.01 11.75 0.06 49
Study location

Asia 4 3685 0.68 (0.48-0.96) 0.03 4.07 0.25 26

North America 3 3493 0.74 (0.54-1.03) 0.07 6.28 0.04 68
Study quality

High (NOS score>6) 5 4286 0.70 (0.58-0.84) <0.01 1.55 0.82 0

Low (NOS score<6) 2 2892 0.56 (0.17-1.86) 0.34 5.90 0.02 83
Adjusted confounders

Yes 5 4090 0.66 (0.50-0.86) <0.01 491 0.30 19

No 2 3088 0.83 (0.60-1.13) 0.24 291 0.09 66

OR, odds ratio; 95%CI, 95% confidence interval; NOS, Newcastle-Ottawa quality assessment scale; CRA, colorectal

adenoma; T2D, type 2 diabetes.

observed in the Asian and Western population in this meta-
analysis may be due to differences in dietary habits and/
or other cultural behaviors. For example, red meat intake
or milk products are more popular in western countries
than in Asia, which may be strong risk factors for CRA
incidence [44, 45]. Another subgroup analysis showed that
studies with adjusted confounders, including age, gender,
BMI, smoking status, use of aspirin, insulin and alcohol,
all of which are known to confound CRA incidence, had
a stronger inverse association than those without adjusted
confounders, indicating that the above mentioned factors
may also contribute to the heterogeneity to some extent.
When we stratified the studies by study quality, it was
found that high-quality studies showed a significantly
inverse association, however, no significant association
was detected in studies with low quality. We believe that
the logical outcome of subgroups of studies with adjusted
confounders and high-quality can more accurately reflect
the real effects.

Evidence has suggested that T2D patients
have a higher risk of colon adenoma [46]. While the
mechanisms are probably manifold and not yet completely
clarified, insulin resistance, which results in subsequent
hyperinsulinemia and hyperglycemia, is the most
commonly proposed scenario, since insulin is able to
promote mitosis through specific, high-affinity binding
to the IGF-1 receptor [46-48]. A relationship between
increased levels of circulating insulin and cancer has been
investigated, and the results indicated that cancer growth
may be affected by IGF-1 signaling axis [49]. Moreover,
insulin is able to directly stimulate cell proliferation by
binding to its cognate receptor, insulin receptor, or IGF-1
receptor, thereby activating multiple signaling pathways
[50, 51]. However, metformin therapy decreases levels of

IGF-1, improves insulin resistance in peripheral tissues,
and alleviates the circulating insulin levels, which, in turn,
may result in reduced risk of cancer [52, 53]. In addition
to the improvement of insulin sensitivity, the promotion of
weight loss, and other systematic effects, metformin has
tumor-cell specific effects [54]. It has been well established
in experimental studies that metformin exerts the anti-
cancer activity through activation of AMPK and subsequent
inhibition of the mTOR pathway, which is a downstream
effector of growth factor signaling and is frequently
activated in cancer cells [55]. Furthermore, in vitro studies
have shown that metformin can also induce cell cycle arrest
and induce cell apoptosis by inhibiting the expression
of cyclin D1 and phosphorylation of retinoblastoma
tumor suppressor protein (Rb) [56]. In vivo studies
have demonstrated the direct chemopreventive effect of
metformin in the APCM™* mice, a mouse model of familial
adenomatous polyposis [29]. In a different mouse model of
colon carcinoma, it has been found that metformin is able
to delay the onset of P53-dificient colon cancer in mice
[57]. Moreover, metformin has been shown to suppress
azoxymethane-induced formation of ACF, a reliable
surrogate biomarker of CRC, via the inhibition of mTOR
pathway by activating AMPK [30, 32]. Other possible
underlying mechanisms of the antineoplastic potential of
metformin include its obesity antagonizing action [58], anti-
inflammatory effect [59], and cancer stem cells killing effect
[60]. These data strongly support the notion that metformin
is one of the promising candidates for cancer therapeutics.
However, the underlying mechanisms are eagerly awaited
to be investigated through further detailed studies.

The main strength of the present meta-analysis
is that by including only observational studies we were
able to conduct an objective analysis on a large number
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of participants over a long follow-up period. In order to
minimize the impact of confounding, the estimates from
fully adjusted multivariable models were employed for
the most of studies included. Both subgroup analyses and
sensitivity analysis were conducted to explore the possible
sources of heterogeneity. In addition, this study was
performed based on prespecified selection criteria and a
systematic search of the literature. Furthermore, our meta-
analysis suggested that metformin may play a significant
role in CRC chemoprevention by acting at early stages
of adenoma onset and advancement in the adenoma-
carcinoma sequence.

However, caution is required when interpreting
these results. Limitations of our meta-analysis in
general are that the validity is dependent on inherent
limitations of observational studies on adjustment of
confounding factors. All of the selected studies were
observational studies (cohort and case-control) in
which the information on metformin use was obtained
retrospectively. Observational studies have methodical
shortcomings and are prone to time-related biases, such
as immortal time bias and time-lagging issues [61].
Additionally, in cohort studies there is a higher risk of
indelible bias, mainly confounding. Although five out
of seven studies adjusted for different confounders,
the other two studies provided the unadjusted ORs,
which may still influence the result and limiting
comparability. The definitions of metformin use were
different across the included studies, which may also
lead to heterogeneity. Historical medical data, such as
exact dose and duration of metformin use, and other
adjunctive therapies, were incomplete. Hence, neither
dose-response nor duration-response association
between metformin therapy and risk of CRA in T2D
patients could be established. We could not obtain data
about history of exposure to tobacco smoke and alcohol
consumption, which are strong risk factors for CRA [62,
63]. In this paper, metformin treatment was compared
with thiazolidinediones, sulfonylureas, insulin, or other
oral antidiabetic drugs, all of which may also affect the
reliability of the results of the meta-analysis. It should
be noted that thiazolidinediones, insulin, and other
hypoglycemic drugs are able to affect the development
of CRA [64, 65]. Therefore, it could be speculated that
the observed useful activities of metformin might be
an overestimation partially because of the adenoma-
modifying activity resulted from other hypoglycemic
drugs in the control group. Additionally, the conclusions
regarding metformin therapy and the risk of advanced
adenoma may be limited due to the inadequate sample
size, and need to be further investigated. Finally, even
though no conclusive evidence supporting publication
bias was observed via visual examination of funnel plot
and the Begg test, it is difficult to rule out completely
the probability of publication bias since only seven
articles were selected in the quantitative meta-analysis.

In conclusion, the results of this paper demonstrated
that in T2D patients treatment with metformin is likely
correlated with a significant decrease in both CRA risk and
advanced adenoma risk. Considering the low side effect of
metformin and the rising incidence rate of CRA, this study
may provide significant public health implication for the
prevention of CRC through decreasing the incidence of
CRA. However, further studies, especially well-designed
randomized, controlled trials, are awaited to substantiate
these benefits from early observational studies.

MATERIALS AND METHODS

Literature search

The present meta-analysis was implemented
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guideline [66]
and the epidemiological guidelines for meta-analysis of
observational epidemiological studies [67]. The PubMed,
Embase and the Cochrane Library were searched
systematically to include studies until June 2016. The
suitable key terms and/or corresponding text terms were
employed: (“colorectal neoplasms” OR “colon neoplasm*”
OR “colon polyp*” OR “colon adenoma*” OR “large
bowel neoplasm*” OR “large bowel polyp*” OR “large
bowel adenoma*” OR “rectum neoplasm*”” OR “rectum
polyp*” OR “rectum adenoma*”’) AND (“metformin” OR
“dimethylbiguanidine” OR “dimethylguanylguanidine”
OR “glucophage” OR “metformin hydrochloride” OR
“hydrochloride, metformin” OR “metformin HCI” OR
“HCl, metformin™). Details of the search description
for PubMed can be found in Supplementary Table S2.
The reference lists of the retrieved full-text publications
and reviews published on this relevant topic were hand-
checked and authors contacted for further information
where necessary. Additionally, we also inspected meeting
abstracts from major gastroenterology conferences
(including Digestive Disease Week, Canadian Digestive
Disease Week, United European Gastroenterology Week,
American College of Gastroenterology and the Asia-
Pacific Digestive Week) for the presence of unpublished
work on the relevant topic in the past five years. When
multiple publications from an identical study were
detected, the publication that was more informative was
selected.

Eligibility criteria

The observational studies were integrated due to the
absence of available dates from randomized clinical trials.
Eligible studies with the following criteria were included
in this analysis: 1) the relationship between metformin
therapy and CRA was evaluated; 2) metformin therapy
was compared with non-metformin therapy; 3) OR or RR
with the corresponding 95% ClIs reported or data were
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provided for their calculation; 4) T2D was identified prior
to CRA based on medical or pathological diagnosis; 5)
the papers were published in English. All studies with the
following conditions were excluded from the analysis—
the subjects enrolled in the studies were type 1 diabetes
patients, or patients with a history of familial adenomatous
polyposis, inflammatory bowel disease, or cancers other
than CRC. Studies in which other form of hypoglycemic
drugs were compared with reference therapy or the risk
of CRC was reported with the use of metformin were also
excluded.

Data extraction and quality assessment

Characteristics of retrieved reports were extracted
by two members independently by scanning the titles and
abstracts. The full text of potentially relevant articles were
further evaluated. For those studies that met the inclusion
criteria as mentioned above, two members extracted data
independently according to the prespecified selection
criteria. Any disagreements were resolved by discussion
to reach a consensus. The extracted data from each
study included the first author’s last name, publication
date (year), the site where the study was performed,
recruitment period, study type, sex ratio, age, the
number of total participants, reported or computed ORs,
confounding adjustment and quality scores. Whenever
possible, the adjusted estimates were summarized from
the original article; alternatively the unadjusted ORs were
calculated from studies containing raw data. In order to
better identify the risk of bias between-study groups,
quality assessment was conducted in observational studies
using the NOS quality tool. The NOS comprises three
categories: selection, comparability, and ascertainment
of outcome. Scores range from 0 to 9, and studies with
a score of more than or equal to 7 were classified as high
quality studies, while studies with a score of less than or
equal to 6 were considered low quality studies.

Statistical analysis

All analyses were carried out based on the
guidelines referenced in the Cochrane Handbook for
Systematic Reviews of Interventions (version 5.1.0) [68].
OR was used to measure the effect size for original articles
using incident cases of CRAs as the primary outcome and
advanced adenoma as the secondary outcome. The point
estimates and standard errors were pooled from individual
studies with the inverse variance method,[69] in which
the weight of each article was assigned on the basis of
its variance. A model of random-effect was employed
to analyze the data independent of heterogeneity,
which renders more precise and authentic results [69].
The heterogeneity between studies was evaluated by
calculating the Cochran’ Q statistic with a significance

level of P < 0.10 [70]. Visual observation of the forest
plots was used to identify the statistic heterogeneity,
which was further complemented by the I? statistic, a test
used to quantify inconsistency across studies resulted
from heterogeneity rather than from chance. A value of
I? of 0%—-30%, 31%—50%, 51%—75%, and 75%—100%
each represents an insignificant, low, moderate, and
considerable heterogeneity, respectively [71].

Between-study sources of heterogeneity were
studied by stratifying original estimates using predefined
subgroup analysis by grouping geographic locations (Asia
or North America), study quality (NOS score < 6 or NOS
score >6), adjusted for possible confounders (adjusted
or unadjusted estimates). For sensitivity analysis, we
excluded study that was published as abstract or provided
RR as effect size for estimates. Additionally, a sensitivity
analysis was performed based on simple size. To evaluate
the effect of each given study on the overall risk estimate,
a sensitivity analysis was also conducted by excluding one
study each time. Finally, the presence of publication bias
was assessed by visual inspection of the funnel plot and
further evaluated with the rank correlation test of Begg
and Mazumdar [72].

A two-tailed P <0.05 was regarded as statistically
significant. The corresponding calculation and graphical
visualization of forest and funnel plots were performed
using Review Manager version software 5.3.5 (Nordic
Cochrane Center) and Stata statistical software version
13.0 (StataCorp, USA), respectively.

ACKNOWLEDGMENTS AND GRANT
SUPPORT

The authors would like to thank Dr. Liang-Nian
Song of Herbert Irving Comprehensive Cancer Center,
Columbia University, New York, for manuscript editing
and English proofreading. This study was supported by the
National Natural Science Foundation of China From Hua
Xiong (Grant No. 81270480 and Grant No. 81570494).

AUTHORSHIP

The authors’ responsibilitis were as follows: Hua-
Xiong and Jing-Yuan Fang conceived the study and
edited the paper. Yi-Chao Hou, Qiang Hu and Jiao Huang
collected the data and did the statistical analysis. Yi-
Chao Hou interpreted data and drafted the manuscript.
Hua Xiong and Jing-Yuan Fang critically revised the
manuscript. All authors approved the final version of the
manuscript.

CONFLICTS OF INTEREST

The authors declare no potential conflicts of interest.

www.impactjournals.com/oncotarget

8850

Oncotarget



REFERENCES

10.

11.

12.

Siegel RL, Miller KD and Jemal A. Cancer statistics, 2015.
CA: a cancer journal for clinicians. 2015; 65:5-29.
Anderson WF, Umar A and Brawley OW. Colorectal

carcinoma in black and white race. Cancer metastasis
reviews. 2003; 22:67-82.

Fearon ER and Vogelstein B. A genetic model for colorectal
tumorigenesis. Cell. 1990; 61:759-767.

Winawer SJ, Zauber AG, Ho MN, O’Brien MJ, Gottlieb LS,
Sternberg SS, Waye JD, Schapiro M, Bond JH, Panish JF
and et al. Prevention of colorectal cancer by colonoscopic
polypectomy. The National Polyp Study Workgroup. The
New England journal of medicine. 1993; 329:1977-1981.

Pence BC, Belasco EJ and Lyford CP. Combination aspirin
and/or calcium chemoprevention with colonoscopy in
colorectal cancer prevention: cost-effectiveness analyses.
Cancer epidemiology, biomarkers & prevention. 2013;
22:399-405.

Wu K, Willett WC, Fuchs CS, Colditz GA and Giovannucci
EL. Calcium intake and risk of colon cancer in women
and men. Journal of the National Cancer Institute. 2002;
94:437-446.

O’Reilly SL, McGlynn AP, McNulty H, Reynolds J, Wasson
GR, Molloy AM, Strain JJ, Weir DG, Ward M, McKerr G,
Scott JM and Downes CS. Folic Acid Supplementation
in Postpolypectomy Patients in a Randomized Controlled
Trial Increases Tissue Folate Concentrations and Reduces
Aberrant DNA Biomarkers in Colonic Tissues Adjacent
to the Former Polyp Site. The Journal of nutrition. 2016;
146:933-939.

Dou R, Ng K, Giovannucci EL, Manson JE, Qian ZR and
Ogino S. Vitamin D and colorectal cancer: molecular,
epidemiological and clinical evidence. The British journal
of nutrition. 2016; 115:1643-1660.

Cea Soriano L, Soriano-Gabarro M and Garcia Rodriguez
LA. The Protective Effect of Low-Dose Aspirin against
Colorectal Cancer Is Unlikely Explained by Selection Bias:
Results from Three Different Study Designs in Clinical
Practice. PloS one. 2016; 11:¢0159179.

Veitonmaki T, Murtola TJ, Talala K, Taari K, Tammela T
and Auvinen A. Non-Steroidal Anti-Inflammatory Drugs
and Cancer Death in the Finnish Prostate Cancer Screening
Trial. PloS one. 2016; 11:e0153413.

Zhang Y, Hoda MN, Zheng X, Li W, Luo P, Maddipati
KR, Seki T, Ergul A and Wang MH. Combined therapy
with COX-2 inhibitor and 20-HETE inhibitor reduces
colon tumor growth and the adverse effects of ischemic
stroke associated with COX-2 inhibition. American journal
of physiology Regulatory, integrative and comparative
physiology. 2014; 307:R693-703.

Bhosale UA, Quraishi N, Yegnanarayan R and Devasthale
D. A cohort study to evaluate cardiovascular risk of selective

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

and nonselective cyclooxygenase inhibitors (COX-Is)
in arthritic patients attending orthopedic department of
a tertiary care hospital. Nigerian medical journal. 2014;
55:417-422.

Patel P and De P. Trends in colorectal cancer incidence and
related lifestyle risk factors in 15-49-year-olds in Canada,
1969-2010. Cancer epidemiology. 2016; 42:90-100.

Larsson SC, Giovannucci E and Wolk A. Diabetes and
colorectal cancer incidence in the cohort of Swedish men.
Diabetes care. 2005; 28:1805-1807.

Craigiec AM, Caswell S, Paterson C, Treweek S, Belch
JJ, Daly F, Rodger J, Thompson J, Kirk A, Ludbrook A,
Stead M, Wardle J, Steele RJ, et al. Study protocol for
BeWEL: the impact of a BodyWEight and physicaL activity
intervention on adults at risk of developing colorectal
adenomas. BMC public health. 2011; 11:184.

Tilg H and Moschen AR. Mechanisms behind the link
between obesity and gastrointestinal cancers. Best practice
& research Clinical gastroenterology. 2014; 28:599-610.

Giovannucci E. Insulin, insulin-like growth factors and
colon cancer: a review of the evidence. The Journal of
nutrition. 2001; 131:3109s-3120s.

Hu FB, Manson JE, Liu S, Hunter D, Colditz GA, Michels
KB, Speizer FE and Giovannucci E. Prospective study of
adult onset diabetes mellitus (type 2) and risk of colorectal
cancer in women. Journal of the National Cancer Institute.
1999; 91:542-547.

Solis-Herrera C, Triplitt C, Garduno-Garcia Jde J, Adams
J, DeFronzo RA and Cersosimo E. Mechanisms of glucose
lowering of dipeptidyl peptidase-4 inhibitor sitagliptin when
used alone or with metformin in type 2 diabetes: a double-
tracer study. Diabetes care. 2013; 36:2756-2762.

Nagi DK and Yudkin JS. Effects of metformin on insulin
resistance, risk factors for cardiovascular disease, and
plasminogen activator inhibitor in NIDDM subjects. A study
of two ethnic groups. Diabetes care. 1993; 16:621-629.
Nestler JE. Metformin for the treatment of the polycystic
ovary syndrome. The New England journal of medicine.
2008; 358:47-54.

Bodmer M, Meier C, Krahenbuhl S, Jick SS and Meier CR.
Metformin, sulfonylureas, or other antidiabetes drugs and
the risk of lactic acidosis or hypoglycemia: a nested case-
control analysis. Diabetes care. 2008; 31:2086-2091.

Poli G, Cantini G, Armignacco R, Fucci R, Santi R, Canu
L, Nesi G, Mannelli M and Luconi M. Metformin as a new
anti-cancer drug in adrenocortical carcinoma. Oncotarget.
2016; 7:49636-49648. doi: 10.18632/oncotarget.10421.
Sinnett-Smith J, Kisfalvi K, Kui R and Rozengurt E.
inhibition of mTORCI1 activation, DNA
synthesis and proliferation in pancreatic cancer cells:

Metformin

dependence on glucose concentration and role of AMPK.
Biochemical and biophysical research communications.
2013; 430:352-357.

WWw

.impactjournals.com/oncotarget

8851

Oncotarget



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Flavin R, Zadra G and Loda M. Metabolic alterations
and targeted therapies in prostate cancer. The Journal of
pathology. 2011; 223:283-294.

Guo Q, Liu Z, Jiang L, Liu M, Ma J, Yang C, Han L, Nan
K and Liang X. Metformin inhibits growth of human non-
small cell lung cancer cells via liver kinase B-1-independent
activation of adenosine monophosphate-activated protein
kinase. Molecular medicine reports. 2016; 13:2590-2596.
Guo Y, Yu T, Yang J, Zhang T, Zhou Y, He F, Kurago Z,
Myssiorek D, Wu Y, Lee P and Li X. Metformin inhibits
salivary adenocarcinoma growth through cell cycle arrest
and apoptosis. American journal of cancer research. 2015;
5:3600-3611.

Chen X, Li C, He T, Mao J, Li C, Lyu J and Meng QH.
Metformin inhibits prostate cancer cell proliferation,
migration, and tumor growth through upregulation of PEDF
expression. Cancer biology & therapy. 2016; 17:507-514.

Tomimoto A, Endo H, Sugiyama M, Fujisawa T, Hosono
K, Takahashi H, Nakajima N, Nagashima Y, Wada K,
Nakagama H and Nakajima A. Metformin suppresses
intestinal polyp growth in ApcMin/+ mice. Cancer science.
2008; 99:2136-2141.

Hosono K, Endo H, Takahashi H, Sugiyama M, Uchiyama
T, Suzuki K, Nozaki Y, Yoneda K, Fujita K, Yoneda
M, Inamori M, Tomatsu A, Chihara T, et al. Metformin
suppresses azoxymethane-induced colorectal aberrant crypt
foci by activating AMP-activated protein kinase. Molecular
carcinogenesis. 2010; 49:662-671.

Hosono K, Endo H, Takahashi H, Sugiyama M, Sakai E,
Uchiyama T, Suzuki K, lida H, Sakamoto Y, Yoneda K,
Koide T, Tokoro C, Abe Y, et al. Metformin suppresses
colorectal aberrant crypt foci in a short-term clinical trial.
Cancer prevention research (Philadelphia, Pa). 2010;
3:1077-1083.

Takayama T, Katsuki S, Takahashi Y, Ohi M, Nojiri S,
Sakamaki S, Kato J, Kogawa K, Miyake H and Niitsu Y.
Aberrant crypt foci of the colon as precursors of adenoma
and cancer. The New England journal of medicine. 1998;
339:1277-1284.

Jain D, Chhoda A and Uribe J. Effect of Insulin and
Metformin Combination Treatment on Colon Adenoma and
Advanced Adenoma Among DM II. J Gastrointest Cancer.
2016; 7:49636-49648.

Marks AR, Pietrofesa RA, Jensen CD, Zebrowski A,
Corley DA and Doubeni CA. Metformin use and risk of
colorectal adenoma after polypectomy in patients with type
2 diabetes mellitus. Cancer Epidemiol Biomarkers Prev.
2015;24:1692-1698.

Kanadiya MK, Gohel TD, Sanaka MR, Thota PN and
Shubrook JH, Jr. Relationship between type-2 diabetes
and use of metformin with risk of colorectal adenoma in
an American population receiving colonoscopy. Journal of
diabetes and its complications. 2013; 27:463-466.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Lee JH, Jeon SM, Hong SP, Cheon JH, Kim TI and
Kim WH. Metformin use is associated with a decreased
incidence of colorectal adenomas in diabetic patients with
previous colorectal cancer. Digestive and liver disease.
2012; 44:1042-1047.

Cho YH, Ko BM, Kim SH, Myung YS, Choi JH, Han JP,
Hong SJ, Jeon SR, Kim HG, Kim JO and Lee MS. Does
metformin affect the incidence of colonic polyps and
adenomas in patients with type 2 diabetes mellitus? Intest
Res. 2014; 12:139-145.

Kim YH, Noh R, Cho SY, Park SJ, Jeon SM, Shin HD, Kim
SB and Shin JE. Inhibitory effect of metformin therapy on
the incidence of colorectal advanced adenomas in patients
with diabetes. Intest Res. 2015; 13:145-152.

Chung YW, Han DS, Park KH, Eun CS, Yoo KS and Park
CK. Insulin therapy and colorectal adenoma risk among
patients with Type 2 diabetes mellitus: a case-control study
in Korea. Dis Colon Rectum. 2008; 51:593-597.

Jain D and Uribe J. Effect of different treatment modalities
on colon adenoma and advanced adenoma among
type 2 diabetes mellitus patients. American Journal of
Gastroenterology. 2014; 109:S678-S679.

Lee JH, Kim TI, Jeon SM, Hong SP, Cheon JH and Kim
WH. The effects of metformin on the survival of colorectal
cancer patients with diabetes mellitus. International journal
of cancer. 2012; 131:752-759.

Stang A. Critical evaluation of the Newcastle-Ottawa scale
for the assessment of the quality of nonrandomized studies
in meta-analyses. European journal of epidemiology. 2010;
25:603-605.

Rokkas T and Portincasa P. Colon neoplasia in patients with
type 2 diabetes on metformin: A meta-analysis. European
journal of internal medicine. 2016; 33:60-66.

Aune D, Chan DS, Vieira AR, Navarro Rosenblatt DA,
Vieira R, Greenwood DC, Kampman E and Norat T.
Red and processed meat intake and risk of colorectal
adenomas: a systematic review and meta-analysis of
epidemiological studies. Cancer causes & control. 2013;
24:611-627.

Karagas MR, Tosteson TD, Greenberg ER, Rothstein RI,
Roebuck BD, Herrin M and Ahnen D. Effects of milk
and milk products on rectal mucosal cell proliferation in
humans. Cancer epidemiology, biomarkers & prevention.
1998; 7:757-766.

Eddi R, Karki A, Shah A, DeBari VA and DePasquale JR.
Association of type 2 diabetes and colon adenomas. Journal
of gastrointestinal cancer. 2012; 43:87-92.

Wolf I, Sadetzki S, Catane R, Karasik A and Kaufman B.
Diabetes mellitus and breast cancer. The Lancet Oncology.
2005; 6:103-111.

Yu H and Berkel H. Insulin-like growth factors and cancer.
The Journal of the Louisiana State Medical Society. 1999;
151:218-223.

www.impactjournals.com/oncotarget

8852

Oncotarget



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Giovannucci E and Michaud D. The role of obesity
and related metabolic disturbances in cancers of the
colon, prostate, and pancreas. Gastroenterology. 2007;
132:2208-2225.

Sandhu MS, Dunger DB and Giovannucci EL. Insulin,
insulin-like growth factor-I (IGF-I), IGF binding proteins,
their biologic interactions, and colorectal cancer. Journal of
the National Cancer Institute. 2002; 94:972-980.

Yang YX. Do diabetes drugs modify the risk of pancreatic
cancer? Gastroenterology. 2009; 137:412-415.

LeRoith D, Baserga R, Helman L and Roberts CT, Jr.
Insulin-like growth factors and cancer. Annals of internal
medicine. 1995; 122:54-59.

Pawelczyk L, Spaczynski RZ, Banaszewska B and Duleba
AlJ. Metformin therapy increases insulin-like growth
factor binding protein-1 in hyperinsulinemic women with
polycystic ovary syndrome. European journal of obstetrics,
gynecology, and reproductive biology. 2004; 113:209-213.

Gallagher EJ and LeRoith D. Diabetes, cancer, and

metformin: connections of metabolism and cell
proliferation. Annals of the New York Academy of
Sciences. 2011; 1243:54-68.

Zhou G, Myers R, Li Y, Chen Y, Shen X, Fenyk-Melody J,
Wu M, Ventre J, Doebber T, Fujii N, Musi N, Hirshman MF,
Goodyear LJ, et al. Role of AMP-activated protein kinase
in mechanism of metformin action. The Journal of clinical

investigation. 2001; 108:1167-1174.

Ben Sahra I, Laurent K, Loubat A, Giorgetti-Peraldi S,
Colosetti P, Auberger P, Tanti JF, Le Marchand-Brustel
Y and Bost F. The antidiabetic drug metformin exerts an
antitumoral effect in vitro and in vivo through a decrease of
cyclin D1 level. Oncogene. 2008; 27:3576-3586.

Buzzai M, Jones RG, Amaravadi RK, Lum JJ, DeBerardinis
RJ, Zhao F, Viollet B and Thompson CB. Systemic
treatment with the antidiabetic drug metformin selectively
impairs p53-deficient tumor cell growth. Cancer research.
2007; 67:6745-6752.

Renehan AG, Tyson M, Egger M, Heller RF and Zwahlen
M. Body-mass index and incidence of cancer: a systematic
review and meta-analysis of prospective observational
studies. Lancet (London, England). 2008; 371:569-578.

Grenader T, Goldberg A and Shavit L. Metformin as an
addition to conventional chemotherapy in breast cancer.
Journal of clinical oncology. 2009; 27:€259; author reply
€260.

Hirsch HA, Iliopoulos D, Tsichlis PN and Struhl
K. Metformin selectively targets cancer stem cells,
and acts together with chemotherapy to block tumor
growth and prolong remission. Cancer research. 2009;
69:7507-7511.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Suissa S and Azoulay L. Response to Bodmer et al.
Metformin and the risk of cancer: time-related biases in
observational studies. Diabetes care 2012;35:2665-2673.
Diabetes care. 2013; 36:¢86.

Song YK, Park Y'S, Seon CS, Lim HJ, Son BK, Ahn SB, Jo
YK, Kim SH, Jo YJ, Lee JH and Kim SC. Alcohol drinking
increased the risk of advanced colorectal adenomas.
Intestinal research. 2015; 13:74-79.

Lee SH, Hong JY, Lee JU and Lee DR. Association
Between Exposure to Environmental Tobacco Smoke at the
Workplace and Risk for Developing a Colorectal Adenoma:
A Cross-Sectional Study. Annals of coloproctology. 2016;
32:51-57.

Yoon YS, Keum N, Zhang X, Cho E and Giovannucci
EL. Hyperinsulinemia, insulin resistance and colorectal
adenomas: A meta-analysis. Metabolism: clinical and
experimental. 2015; 64:1324-1333.

Okumura T. Mechanisms by which thiazolidinediones
induce anti-cancer effects in cancers in digestive organs.
Journal of gastroenterology. 2010; 45:1097-1102.

Panic N, Leoncini E, de Belvis G, Ricciardi W and Boccia
S. Evaluation of the endorsement of the preferred reporting
items for systematic reviews and meta-analysis (PRISMA)
statement on the quality of published systematic review and
meta-analyses. PloS one. 2013; 8:e83138.

Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD,
Rennie D, Moher D, Becker BJ, Sipe TA and Thacker SB.
Meta-analysis of observational studies in epidemiology:
a proposal for reporting. Meta-analysis Of Observational
Studies in Epidemiology (MOOSE) group. Jama. 2000;
283:2008-2012.

Yang S, Ying K, Wang F, Chen K, Zhou L and Yang Q.
[Desensitizing effect of stannous fluoride-containing
toothpaste for patients with dentine hypersensitivity: a
Meta-analysis]. Hua xi kou qiang yi xue za zhi = Huaxi
kougqiang yixue zazhi = West China journal of stomatology.
2016; 34:150-155.

DerSimonian R and Laird N. Meta-analysis in clinical trials.
Controlled clinical trials. 1986; 7:177-188.

Lau J, Ioannidis JP and Schmid CH. Quantitative synthesis
in systematic reviews. Annals of internal medicine. 1997;
127:820-826.

Higgins JP, Thompson SG, Deeks JJ and Altman DG.
Measuring inconsistency in meta-analyses. BMJ (Clinical
research ed). 2003; 327:557-560.

Begg CB and Mazumdar M. Operating characteristics of a
rank correlation test for publication bias. Biometrics. 1994;
50:1088-1101.

www.impactjournals.com/oncotarget

8853

Oncotarget



