
Metformin and Colorectal Cancer Risk in
Diabetic Patients

There has been substantial interest in
investigating whether the long-term
administration of metformin to di-

abetic patients leads to a reduction in the
incidence of malignancies in general or
more specifically colorectal cancer. A num-
ber of studies have been published on this
field with mixed results (1,2). In this issue
of Diabetes Care, Zhang et al. (3) report
the results of a meta-analysis of five ob-
servational studies including 108,161 pa-
tients with type 2 diabetes. As compared
with other antidiabetic treatments com-
bined, use of metformin was associated
with a lower risk of colorectal cancer (rel-
ative risk 0.63 [95% CI 0.47–0.84]).
There was no evidence of significant het-
erogeneity among the included studies or
statistical evidence of publication bias.

Metformin is the first drug of choice
for the management of type 2 diabetes
(4,5). It has two main antidiabetic mech-
anisms of action, both of which have also
been implicated as anticarcinogenic mech-
anisms. Firstly, metformin inhibits hepatic
glucose production through an LKB1/
AMP-activated protein kinase–mediated
mechanism. Metformin-induced initia-
tion of an LKB1-mediated AMP-activated
protein kinase–dependent energy stress
response has been shown to adversely af-
fect the survival of cancer cell lines (6,7).
Secondly, metformin improves insulin
sensitivity in peripheral tissues reducing
hyperinsulinemia. Insulin resistance and
hyperinsulinemia have been associated
with increased risk of several types of
neoplasm (8,9) and specifically with colo-
rectal cancer (10). These mechanistic
pathways provide sufficient rationale for
investigating the hypothesis that use of
metformin is associated with reduced
risk of selected malignancies.

It is worth emphasizing that the study
by Zhang et al. is a meta-analysis of ob-
servational studies and not a meta-analysis
of randomized controlled trials. Thus, all
the limitations inherent in the original ob-
servational studies included in the meta-
analysis are naturally also present when
such study results are combined. Para-
mount among these limitations is the
potential for incomplete adjustment for
confounding. In this setting, factors influ-
encing the decision to use metformin as

opposed to another antidiabetic agentmay
simultaneously also be associatedwith can-
cer incidence, resulting in bias referred to
as confounding by indication. Such con-
founding factors may be known or sus-
pected medication contraindications or
unknown influences on prescribing deci-
sions. There are major differences in the
baseline characteristics of patients on met-
formin as compared with other antidia-
betic agents thatmake confounding highly
likely. For example, in the U.K. General
Practice Research Database metformin
users had a higher BMI, a younger age,
a lower systolic blood pressure, a lower
prevalence of cardiovascular disease, and a
higher proportion of aspirin and NSAID
use as compared with second-generation
sulfonylurea users at the start of these
therapies (11). These differences may be
partly explained by safety concerns of pro-
viders about the use of metformin in the
elderly or in patients with renal, hepatic or
cardiac disease, thus targeting metformin
to the obese, healthier individual with di-
abetes. The authors of the meta-analysis
are restricted to combining the fully ad-
justed hazard ratios or odds ratios pre-
sented in each included study without
any control over what characteristics
were adjusted for or how they were ascer-
tained in each study. Thus, considerable
concerns remain that the reason patients
on metformin had a lower risk of develop-
ing colorectal cancer may not be due to a
pharmacological effect of metformin but
because of other characteristics that
made them less likely to develop colorec-
tal cancer. This problem is compounded
by the fact that the included observational
studies are all retrospective, thus raising
further concerns as to whether the mea-
surement of confounding factors was
accurate, as inaccurate measurement im-
pairs the ability to successfully remove
bias through adjustment (12).

Another important limitation is that
the follow-up time of the included studies
is rather short for an outcome such as co-
lorectal cancer. Serial studies of sporadic
colorectal tumor patients (13) and com-
parative lesion sequencing studies (14)
have indicated that the transition from
large adenoma to carcinoma takes ap-
proximately 15 years. It is very difficult

to explain mechanistically how use of met-
formin over ameanperiod of only 2.4 years,
as in the included study by Currie et al.
(15) (which contributed most of the
weight in the combined relative risk),
could have reduced the risk of developing
colorectal cancer. Rather, it is possible
that colorectal cancer was present or that
the adenoma to carcinoma progression
was well underway before metformin
was started in these patients. In this re-
spect, stratification of results by duration
of exposure to metformin, as well as con-
sidering whether a dose-response associ-
ation was present, would have been very
helpful: if metformin use truly reduced
the incidence of colorectal cancer, we
would expect the protective effect to be
greater with longer duration of metfor-
min use. Conversely, we would expect
the hazard ratio to be close to 1 for short
durations of exposure that could not pos-
sibly have affected the development of
colorectal cancer (assuming adequate
adjustment for confounders). However,
if “protective” hazard ratios were found
with very short exposure to metformin,
then this finding would be suggestive of
confounding or other bias. These issues
were not considered by Zhang et al. in
their meta-analysis, presumably because
the published study results did not permit
this.

A crucial factor that should affect our
interpretation of the results is that met-
formin treatment was compared with
all nonmetformin treatments lumped to-
gether, including insulin, sulfonylureas,
thiazolidinediones, and other oral medica-
tions. Presumably, groups of patients in
which metformin was combined with
another agent, not an uncommon scenario,
were also lumped together in the compar-
ison group, although this is not clarified by
the authors. Therefore, it is possible that
the protective effect observed in the met-
formin group is not real but rather due to a
hazardous effect of the other treatments.
This is plausible because insulin, insulin
analogs, and sulfonylureas have been asso-
ciated in some research withmore frequent
cancer outcomes (16,17).

Large, randomized controlled trials of
metformin versus other antidiabetic agents
are available and may have sufficient size
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and length of follow-up to permit a sec-
ondary analysis focused on cancer as the
outcome. Such analyses would over-
come the problems of confounding in-
herent in observational studies listed
above. In ADOPT (A Diabetes Outcome
Progression Trial), diabetic patients were
randomized to metformin (n5 1,454), ro-
siglitazone (n5 1,456), or glyburide (n 5
1,441) for a median of 4 years. The hazard
ratio for malignancy was 0.92 (95% CI
0.63–1.35) for metformin versus rosiglita-
zone and 0.78 (0.53–1.14) for metformin
versus glyburide. The number of colorectal
cancers was seven in the metformin group,
four in the rosiglitazone group, and ten
in the glyburide group. In the RECORD
(Rosiglitazone Evaluated forCardiovascular
Outcomes and Regulation of Glycaemia in
Diabetes) study, 2,225 patients who were
on a sulfonylurea were randomized to the
addition of either metformin or rosiglita-
zone. The hazard ratio of malignancy dur-
ing 5.5 years of mean follow-up was 1.22
(0.86–1.74) when comparing metformin
versus rosiglitazone (including 24 gastro-
intestinal cancers [2.1%] in the metformin
group and 12 [1.1%] in the rosiglitazone
group). In addition, in the RECORD study,
2,222patients onmetforminwere random-
ized to the addition of either sulfonylurea
or rosiglitazone. The hazard ratio for ma-
lignancy was 1.33 (0.94–1.88) when com-
paring sulfonylurea to rosiglitazone (with
21 [1.9%] gastrointestinal cancers in the
sulfonylurea group and 17 [1.5%] in the
rosiglitazone group). The results of these
two randomized controlled trials suggest
little difference between metformin and
rosiglitazone in malignancy risk, whereas
sulfonylureas appeared to be associated
with an increased risk that did not reach
statistical significance. A meta-analysis of
more randomized controlled trials of antidi-
abetic agents looking at risk for malignancy
in general or colorectal cancer specifically—
and ideally having access to individual
patient data—will be particularly informa-
tive and may provide a more definitive an-
swer than a meta-analysis of observational
studies.

Do the results of the study by Zhang
et al. have any direct implications on
the management of patients with type 2
diabetes? Since metformin is already
recommended as first-line treatment by
the American Diabetes Association and
the European Association for the Study
of Diabetes, the choice of antidiabetic
treatment should not be affected by this

study. Instead, whether metformin truly
has antineoplastic effects against colorectal
cancer or not is perhaps more relevant
in the field of colorectal cancer treatment
or secondary prevention of colorectal
cancer. Future studies should evaluate
whether metformin use reduces colorec-
tal cancer recurrence or whether it re-
duces the incidence of colorectal cancer
in patients with multiple colorectal ade-
nomas.
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