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Background/Aims: Metformin use has been associated with decreased colorectal cancer risk and mortality among diabetic
patients. Recent research suggests that metformin use may decrease the incidence of colorectal adenomas in diabetic patients
with previous colorectal cancer. This study aimed to assess the clinical effect of metformin use on the development of colorec-
tal adenomas in diabetic patients without previous colorectal cancer. Methods: Among 604 consecutive diabetic patients who
underwent colonoscopic surveillance after initial colonoscopy between January 2002 and June 2012, 240 patients without
previous colorectal cancer were enrolled in this study and were divided in two groups: 151 patients receiving metformin and
89 patients not receiving metformin. Patient demographics and clinical characteristics as well as the colorectal adenoma inci-
dence rate were retrospectively analyzed. Results: The incidence rate of total colorectal adenomas was not different according
to metformin use (P=0.349). However, the advanced adenoma incidence rate was significantly lower in the metformin group
compared with the non-metformin group (relative risk [RR], 0.09; P=0.011). Metformin use was independently associated with
a decreased incidence of advanced colorectal adenomas after adjustment for clinically relevant factors (RR, 0.072; P=0.016). In
addition, the cumulative development rate of advanced adenomas during follow-up was significantly lower in the metformin
group compared with the non-metformin group (P=0.007). Conclusions: Metformin use in diabetic patients without previous
colorectal cancer is associated with a lower risk of advanced colorectal adenomas. (Intest Res 2015;13:145-152)
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INTRODUCTION

Colorectal cancer is the third most common cancer wo-
rldwide, and has been showing an increasing incidence in
Korea."” As most colorectal cancers arise from adenomas,
colorectal adenomas are highly prone to develop into
colorectal carcinomas.**
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Diabetes mellitus (DM) has been recognized as a risk fac-
tor for all cancer incidence and mortality rates, and has been
significantly associated with the prevalence of breast and co-
lon cancers.”” It has been proposed that DM may also have
adverse effects on the prognosis of colon cancer, that hypo-
glycemic agents such as insulin, sulfonylureas and others are
effective in decreasing colon cancer mortality and incidence,
and that hyperinsulinemia is involved in the development of
colon cancer.” "

Metformin regulates blood sugar primarily by inhibiting
hepatic gluconeogenesis and by reducing insulin resistance
in peripheral tissues. Metformin activates AMP-activated
protein kinase (AMPK) in the liver, and AMPK activation
has an inhibitory effect on cancer cell growth and new blood
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vessel formation by prohibiting activation of mammalian tar-
get of rapamycin (mTOR)." The results of an animal study
suggested that metformin use lowered the risk of colorectal
adenomas, pre-cancerous lesions, in addition to lowering
colorectal cancer risk."™'® A recent study reported that the in-
cidence of colorectal adenomas was reduced significantly in
diabetic patients receiving metformin compared with those
not receiving metformin among patients under follow-up
after a diagnosis of colorectal cancer. This outcome suggests
that metformin has the potential to lower the incidence of
colorectal adenomas.'”

The current study was performed to identify the effect of
metformin use on colorectal adenoma incidence in diabetic
patients without previous colorectal cancer.

METHODS
1. Materials

We initially identified as possible study subjects 604 pa-
tients who underwent more than one surveillance colonos-
copy from among 2,446 diabetic patients who underwent
screening colonoscopy in the Dankook University Hospital
between January 2002 and June 2012. We excluded patients
who did not undergo surveillance colonoscopy, those who
had an incomplete colonoscopy due to poor bowel cleanli-
ness, and those who received a repeat colonoscopy within a
year due to a previous incomplete colonoscopy. We finally
included 240 patients, after excluding 40 patients who un-
derwent colonoscopic surveillance to follow up gastroin-
testinal bleeding or IBD, 4 patients who had an incomplete
colonoscopy, 216 patients for whom there was no available
information on diabetes medications in the medical records,
and 104 patients who had been previously diagnosed with
colorectal cancer or had a history of colon resection. Of
these 240 study subjects, 151 patients received metformin
and 89 patients did not. With a retrospective review of the
medical records, the demographics and clinical character-
istics of the patients were analyzed, including age, sex, BMI,
family history of colorectal cancer, DM duration, follow-up
duration, smoking and drinking history, serum cholesterol,
and glycated hemoglobin (HbA1c). In addition to history
of metformin use, patients’ previous history of anti-diabetic
drugs (insulin, thiazolidinediones) and aspirin use were also
examined.
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2. Methods

All examinations were conducted by 6 experienced en-
doscopists using a standard colonoscope (CF-Q240I and
CF-Q260AL Olympus, Tokyo, Japan). All adenomas detected
during screening colonoscopy were removed in all patients.
Even though the interval between follow-up colonoscopies
varied, surveillance colonoscopy was performed at least
once. The time of occurrence, number and size of adeno-
mas, and biopsy outcomes were examined. Adenoma size
was measured using biopsy forceps during colonoscopy. Ad-
vanced adenomas were defined as an adenoma larger than
10 mm or an adenoma of any size with a villous or tubulovil-
lous component, or high-grade dysplasia. Hyperplastic or
inflammatory polyps were discriminated by the absence of
adenomatous polyps. The BMI of patients was classified into
normal (<25 kg/m®), overweight (25-30 kg/m?), and obese
(230 kg/m?*). Based on medical records, patients who used
metformin for more than 6 months at minimum were cate-
gorized into the metformin group. This study was performed
after gaining approval from the Institutional Review Board
(IRB) of the Dankook University Hospital.

3. Statistical Analysis

This study analyzed the incidence of colorectal adenomas
according to metformin use, and assessed the inhibitory ef-
fect of metformin on advanced adenomas. All analyses of
statistical data were performed using SPSS version 18.0 for
Windows (SPSS Inc., Chicago, IL, USA). For univariate analy-
sis, both Student's #-test and Pearson’s y* test were used, and
for multivariate analysis, a Cox proportional hazards model
was used. In addition, a Kaplan-Meier model was used to
compare cumulative development rates of adenomas. P-val-
ues of less than 0.05 were considered statistically significant.

RESULTS
1. Demographics and Clinical Characteristics of Subjects

The mean age was 61.6+10.3 years in the non-metformin
group and 58.8+9.9 years in the metformin group. Although
the mean age was higher in the non-metformin group, no dif-
ference was found between the two groups using 60 years of
age as the cut-off value. There were no differences between
the two groups in sex, HbAlc, serum cholesterol, BMI, DM
duration, or family history of colorectal cancer. Aspirin was
more frequently used in the metformin group, while insulin
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was more commonly used in the non-metformin group. adenomas between the two groups (Table 1).

However, there was no difference in thiazolidinedione use

between the two groups. No difference was found in smok- 2. Metformin Use, Adenoma Incidence Rate, and Risk
ing status between the two groups, while the rate of alcohol Factors

consumption was significantly higher in the metformin

group. Screening colonoscopy revealed no difference in the The mean duration of metformin use was 3.8+2.4 years.
average number of colorectal adenomas and the number of The mean length of follow-up was 51.9+27.6 months in

Table 1. Demographic and Clinical Characteristics of Patients According to Metformin Use

Variables Metformin group (n=151) Non-metformin group (n=89) P-value

Age (yr) 58.8+9.9 61.6+10.3 0.036
Male gender 105 (69.5) 60 (67.4) 0.420
HbATc 7741.7 7741.7 0.989
Cholesterol (mg/dL) 168.7+37.5 178.7+44.3 0.064
DM duration (yr) 8.2+7.6 10.0+8.5 0.091
Family history of CRC 5(3.3) 2(2.2) 0.608
Aspirin use 113 (74.9) 52 (58.4) 0.006
Insulin use 17 (11.3) 27 (30.3) 0.000
Thiazolidinedione use 5(3.3) 2(2.2) 0.466
BMI (kg/m?) 252430 2524323 0.365

Normal (<25) 72 (47.7) 45 (50.6)

Overweight (25-30) 70 (46.3) 35(39.3)

Obese (=30) 9(6.0) 9(10.1)
Smoking 0.865

None 95 (62.9) 53 (59.6)

Ex-smoker 24 (15.9) 16 (18.0)

Current smoker 32(212) 20 (22.5)
Alcohol use 90 (59.6) 35(39.3) 0.003
Mean number of baseline colorectal adenomas 1.46+2.21 1.46+2.02 0.990
Number of baseline adenomas 86 (57.0) 48 (53.9) 0374

Non-advanced adenomas 78 (51.7) 42 (47.2) 0.462

Advanced adenomas 8 (5.3) 6 (6.7) 0.473

Values are presented as mean+SD or n (%o).
HbA1c, glycated hemoglobin; DM, diabetes mellitus; CRC, colorectal cancer.

Table 2. Comparison of Follow-Up Duration and Total Number of Follow-Up Colonoscopies Between the Metformin and Non-Metformin Groups

Variables Metformin group (n=151) Non-metformin group (n=89) P-value
Follow-up duration (mo) 51.9+27.6 53.4+26.0 0.671
No. of follow-up colonoscopies 0.352
1 93 (61.6) 53 (59.6)
2 39 (25.8) 19 (21.3)
>3 19 (12.6) 17 (19.1)

Values are presented as mean+SD or n (%o).
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Table 3. Comparison of Adenoma Incidence Rate Between the Metformin and Non-Metformin Groups
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Variables Metformin group (n=151) Non-metformin group (n=89) RR 959% Cl P-value

Total adenomas 80 (53.0) 53 (59.6) 0.77 0.450-1.301 0.349

Non-advanced adenomas 79 (52.3) 47 (52.8) 098 0.580-1.657 0.941

Advanced adenomas 1(0.7) 6(6.7) 0.09 0.011-0.779 00N
Values are presented as n (%).
Table 4. Multivariate Analysis of Total Adenoma and Advanced Adenoma Incidence Rate

Total adenomas Advanced adenomas
Variables P-value P-value
RR 95% CI RR 95% CI

Metformin use (yes vs. no) 0.866 0.453-1.623 0.654 0.072 0.008-0.610 0.016
Sex (male vs. female) 1.967 1.102-3.513 0.022 2.513 0.194-32.528 0.481
Age (<60 vs. >60) 1.273 0.696-2.331 0.433 4.558 0.452-45.942 0.198
BMI (<25 kg/m2 vs. >25 kg/m?2) 1.051 0.516-2.145 0.452 0.207 0.025-1.722 0.145
Aspirin use (yes vs. no) 1.704 0.770-3.772 0.188 1.331 0.195-9.084 0.771
Smoking (none vs. ex/current smoker) 1.051 0.508-1.590 0.715 2.783 0.340-22.771 0.340
Alcohol use (no vs. yes) 1.027 0.492-2.145 0.943 0.975 0.119-7.985 0.987
Statistical analysis was performed by using the Cox proportional hazards model.
the metformin group and 53.4£26.0 months in the non- i
metformin group. There was no difference between the two . 1.257 |
gro-ups in j[h‘e number o‘f follow-up colonoscopies, with the g OE 004 — ’f:lﬂc;?f-g:?:s;n;ét Sroup
patients divided according to whether they underwent the g 2
procedure one, two, or more than three times (Table 2). No EJ %l 0.75 4
difference was found in the total incidence rate of adenomas g 9 p=0007
between the two groups. The incidence rate of advanced g § 0.507
adenomas was 0.7% (1 out of 151 patients) in the metformin 2 é 005 B
group and 6.7% (6/89 patients) in the non-metformin group, ©
demonstrating a lower incidence in the metformin group 0004 ; : : . . . .
(RR, 0.09; 95% CI, 0.011-0.779; P=0.011) (Table 3). Advanced 0 o5 50 75 100 195

adenomas detected in the metformin group were greater
than 1 cm in size. Meanwhile, advanced adenomas detected
in the non-metformin group either were greater than 1 cm,
in 4 cases, or featured villous histology or focal high-grade
dysplasia, in one case each. In a multivariate analysis using
a Cox proportional hazards model, no difference was found
in the risk of adenoma development according to metformin
use. The risk of colorectal adenoma was increased in men
(RR, 1.967; 95% CI, 1.102-3.513; P=0.022). Metformin use
was an independent factor associated with a decreased inci-
dence of advanced colorectal adenomas in diabetic patients
(RR, 0.072; 95% CI, 0.008-0.610; P=0.016) (Table 4).
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F/U duration (mo)

Fig. 1. Cumulative development rates of advanced adenomas according
to metformin use. The rates were significantly lower in the metformin
group compared with the non-metformin group during follow-up (F/U)
(P=0.007).

3. Cumulative Development Incidence Rates of Total and
Advanced Adenomas According to Metformin Use

No difference was found in the cumulative development
rates of total adenomas between the metformin and non-
metformin groups. The cumulative development rates of ad-
vanced adenomas were significantly lower in the metformin
group compared with the non-metformin group (P=0.007)

(Fig. 1).
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DISCUSSION

In this study, the use of metformin was found to lower the
risk of advanced colorectal adenomas in diabetic patients
without previous colorectal cancer. Moreover, metformin
use is associated with a decrease in the cumulative develop-
ment rate of advanced adenomas.

Previous studies have suggested that the use of metformin
helps to increase the survival rate in patients with colorec-
tal cancer, as well as lowering the risk of colorectal cancer

1820 A number of recent studies have also

development.
reported that metformin is effective in reducing the risk of
colorectal adenomas. In a previous study on patients who
underwent screening colonoscopy, 148 out of 405 diabetic
patients were receiving metformin, and the incidence of
colorectal adenoma was lower in the metformin group (OR,
0.55; 95% CI, 0.34-0.87; P=0.011).”" However, the outcome of
this study might be limited, because the use of other drugs
that might have affected the incidence of adenomas, such as
aspirin, among others, was not reported and the groups were
not equalized. In a larger-scale study examining 3,105 pa-
tients, 912 diabetic patients received metformin, and the risk
of adenomas was reduced in the metformin group (OR, 0.74;
95% CI, 0.55-0.98; P=0.03).”” However, the metformin group
in the study was defined as patients receiving metformin for
only a minimum of 1 month before the time of colonoscopy
and the medication period was relatively short, an average
of 14.7£18.2 months, and unequal. In addition, in a recent
study on 240 diabetic patients who underwent surgery due
to colorectal cancer, metformin use reduced the incidence
of colorectal adenomas (OR, 0.27; 95% CI, 0.100-0.758;
P=0.012)." However, the inhibitory effect of metformin re-
quired further verification, because the study comprised
colorectal cancer patients with a high risk of colorectal ad-
enomas.

Even though the present study also involved diabetic pa-
tients receiving metformin, patient groups were equalized
through the removal of their adenomas by means of screen-
ing colonoscopy to allow the assessment of the incidence
of colonic adenomas according to metformin use, unlike
previous studies. Moreover, this study excluded patients
diagnosed with colorectal cancer who were at a high risk of
developing colorectal adenomas, and examined patients’
drug histories including insulin and aspirin use, which could
affect adenoma incidence.

Metformin is a widely used anti-diabetic drug and, unlike
selective cyclooxygenase-2 inhibitors and other drugs, it
has quite a few side effects. For this reason, metformin is an
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appropriate chemopreventive agent for colorectal cancer.
Although the mechanism of metformin that reduces cancer
incidence remains unclear, various mechanisms have been
proposed. Metformin’s mechanisms of action primarily
prohibit the cell cycle, cellular growth, and angiogenesis by
inhibiting the mTOR pathway." Other metformin-mediated
effects include reduction in insulin-like growth factor,*
hindrance of human epidermal growth factor receptor 2
signaling,” and cell cycle arrest,” among others. Some stud-
ies have suggested that metformin has inhibitory effects on
tumor growth through the activation of p53.%

The exact mechanism responsible for the reduced inci-
dence and cumulative development rates of advanced ad-
enomas in the current study has not yet been clarified. It is
anticipated that the results are congruent with the findings of
previous studies” that metformin reduces the number of ab-
errant crypt foci (ACF) and dysplastic ACF and suppresses
colonic epithelial proliferation. Furthermore, activated p53,
which plays an important role in the advanced adenoma
stage, seems to be associated. However, metformin had no
influence on total adenoma incidence in this study. This out-
come contradicts that of a previous study on patients with
colorectal cancer."” The result is attributed to the fact that it
remains unclear at which stage and by what extent metfor-
min influences tumor growth, because metformin may affect
the progression of normal tissues to adenoma and cancer
throughout all stages, from early to advanced stages. Other
possibilities are that the exact dose of metformin actually
used might not have been fully reflected in a retrospective
study performed based on medical records, and a difference
might have been present in the detection rate of adenomas
by various endoscopists, although 6 experienced endosco-
pists performed all procedures. Some studies with relatively
small sample sizes have reported that there is no association
of metformin use with colorectal adenoma incidence.””

The exact amount and duration of metformin use for
cancer prevention have not yet been clarified. The medica-
tion period of metformin varies in previous studies on the
effect of metformin on colorectal adenoma and cancer
incidence. Lee et al."” defined the metformin group as pa-
tients with continued use of metformin before and after the
diagnosis of colorectal cancer. Garrett et al."” compared and
analyzed two groups classified according to metformin use
at the time of colorectal cancer detection. In both studies,
the duration of metformin use varied and was unclear. In a
comparative study on colorectal adenoma development and
metformin use, there were no standards for the minimum
medication period of metformin and the mean duration
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was 3.91 years.” Based on the results of a study”" that found
that the number of ACF was significantly reduced 1 month
after metformin use, Cho et al.** have recently defined the
metformin group as patients who have used metformin for
more than a month. The mean duration of metformin was
14.7+18.2 months. No studies have reported that several pos-
sible mechanisms for metformin-mediated effects on tumor
growth vary in degree according to the duration of metfor-
min use, and the standard dose of metformin sufficient to
induce its inhibitory effect on cancer development remains
unclear. Moreover, the longer the duration of metformin use,
the more likely it is that the medication will suppress the
development of colorectal adenomas and cancer. However,
no studies have yet investigated the question of a quantita-
tive relationship between the duration of metformin use
and tumor suppression. In the present study, the metformin
group was defined as patients for whom the medical records
showed use of metformin for more than 6 months at a mini-
mum on a regular basis. Although a previous study classi-
fied patients with metformin use for a minimum of 1 month
as the metformin group, the authors of this study believed
that regular use of metformin for 6 months at a minimum is
necessary to activate the mechanism of metformin to inhibit
colorectal adenomas. In addition, the mean duration of met-
formin use in the current study was 3.8 years, similar to the
longest mean duration in earlier studies (3.9 years).”!

In a previous study on non-diabetic patients, the aver-
age number of ACF was considerably reduced (8.78+6.45
vs. 5.1124.99, P=0.007) and colonic epithelial proliferation
was suppressed in the metformin group at a dose of 250 mg
daily for a month compared with the control group. As no
changes were observed in the non-metformin group, a low
dose of metformin is suggested to be effective in preventing
colorectal cancer.” Further studies are warranted to clarify
the appropriate amount, method, and duration of metformin
use to maximize its inhibitory effect on colorectal adeno-
mas or cancer and minimize adverse events. Currently, a
double-blind, randomized study on non-diabetic patients
with recent polypectomy is in progress in order to compare
the effects of metformin on colorectal adenomas between
a metformin group at a dose of 250 mg daily and a placebo
group for a year.””

Even though aspirin is known to be effective in reducing
colorectal adenoma incidence,” it had no influence in the
current study. In addition, although insulin and thiazolidin-
ediones have been found to affect adenoma incidence,””
they showed no effect in this study. However, it is possible
that the effects of these anti-diabetic drugs on colorectal ad-
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enoma incidence have not been identified, because the dose
and duration of these drugs were not accurately examined in
this study with a relatively small sample size.

There are several limitations of the present study.

First, randomized allocation was not used to prove the
effect of metformin, and the number of surveillance colo-
noscopies varied from 1 to 3 or more. As there were no dif-
ferences in the total follow-up duration and the numbers of
surveillance colonoscopies between the two groups, those
problems could have been partially improved.

Second, errors may be present in data collection in a retro-
spective study performed based on medical records. More-
over, this study did not examine patients’ medical-history in
relation to other drugs that could influence the incidence of
colonic adenomas, such as aspirin. In particular, we included
subjects without knowing their medication period and total
dose of metformin before inclusion in this study. Thus, the
effect of metformin exposure prior to this research cannot be
ignored.

Third, patients with medical records confirming 6 months
of regular use of metformin at a minimum were defined
as the metformin group. The mean duration was 3.8 years.
However, there was an unequal distribution of duration of
metformin use, and it is also possible that this period of time
was insufficient to verify its inhibitory effect.

Fourth, the quality of colonoscopy was not fully reflected.
The degree of quality control including colonoscopy with-
drawal time and adenoma detection rate was not suffi-
ciently considered. Although 6 experienced endoscopists
performed all procedures throughout the investigation, it is
possible that the adenoma detection rate could have been
influenced by different endoscopists.

Finally, this research was a single-center study involving
a small sample size. The patient group had relatively well-
controlled diabetes with a median HbAlc value of 7.7%,
and the average periods of DM duration were not long at 8.2
and 10 years for the metformin and non-metformin groups,
respectively. For these reasons, the small sample group was
insufficient to represent an entire diabetic patient group.
Taking into consideration the fact that DM and insulin resis-
tance have significant impacts on adenoma incidence, the
incidence rate of adenomas was lower in the current study
because a large number of patients with a relatively mild
diabetic condition were included. Hence, it is possible that
metformin had no inhibitory effect on the total adenoma in-
cidence rate. Therefore, this study was limited in its ability to
clearly prove the effect of metformin as a chemopreventive
agent for colorectal adenoma incidence in diabetic patients.
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To sum up the above study findings, although the authors
were unable to clarify the mechanisms of metformin and
included diabetic patients only, this study was meaningful in
that, unlike other previous studies, it verified the potential of
metformin as a preventive agent for patients with an average
risk of developing colorectal cancer. We suggest that pro-
spective, randomized, large-scale studies are warranted to
further explore the chemopreventive efficacy of metformin
on colorectal cancer.
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