Chu et al. BMC Cancer (2018) 18:438
https://doi.org/10.1186/s12885-018-4334-5

BMC Cancer

RESEARCH ARTICLE Open Access

Effect of metformin use on the risk

@ CrossMark

and prognosis of endometrial cancer:
a systematic review and meta-analysis

Danxia Chu, Jie Wu, Kaili Wang, Mengling Zhao, Chunfang Wang, Liuxia Li and Ruixia Guo

Abstract

67, P < 0.05).

Background: Previous studies have suggested that metformin may be useful for preventing and treating
endometrial cancer (EC), while the results have been inconsistent. This systematic review and meta-analysis aimed
to investigate the association between metformin use and risk and prognosis of patients with EC.

Methods: PubMed, Embase, and the Cochrane Library databases were searched for observational studies evaluating
the effect of metformin on EC prevention or treatment. The odds ratio (OR) was used for analyzing risks, and the
hazard ratio (HR) was used for analyzing survival outcomes. A random-effects model was used for data analysis.

Results: Seven studies reported data on EC risk. The pooled results suggested that metformin was not significantly
associated with a lower risk of EC [OR = 1.05, 95% confidence interval (Cl) 0.82-1.35, P = 0.70]. For patients with
diabetes, metformin showed no advantage in reducing the EC risk compared with other interventions (OR = 0.99,
95% Cl 0.78-1.26, P = 0.95). Further, seven studies were included for survival analysis. The pooled data showed that
metformin could significantly improve the overall survival of patients with EC (HR = 0.61, 95% Cl 0.48-0.77, P < 0.05)
and reduce the risk of EC recurrence (OR = 0.50, 95% Cl 0.28-0.92, P < 0.05) Finally, we noted metformin was
associated with significantly improving the overall survival of EC patients among diabetes (HR = 0.47; 95%CI 0.33-0.

Conclusions: This meta-analysis did not prove that metformin was beneficial for preventing EC. However,
metformin could prolong the overall survival of patients with EC and reduce their risk of cancer relapse.
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Background

Endometrial cancer (EC), a tumor originating from the
endometrium, is a major cause of morbidity and mortal-
ity in women. Hyperplastic endometrium may be a result
of exposure to unopposed estrogen, leading to the pro-
gression of cancer. It is the most common malignancy of
the female genital tract in the United States, with ap-
proximately 54,870 new cases and 10,170 related deaths
in 2015 [1]. The incidence of EC is lower in developing
countries compared with developed countries. However,
EC was associated with higher cancer mortality and poor
prognosis in developing countries [1-3]. Further, despite
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advances in the treatment of EC, the prognosis for stages
II-IV EC remains poor [4].

Various adjuvant medications have been suggested for
preventing and treating EC, including aromatase inhibi-
tors [5], aspirin [6], statins [7], hormone therapy [8], and
metformin [9, 10]. Metformin has several advantages in
addition to its anticancer activity. First, it is a first-line
pharmacologic treatment for patients with type 2 dia-
betes mellitus [11]. Second, in addition to metformin
use for diabetes, it is also safely prescribed for various
nondiabetic conditions, including polycystic ovarian syn-
drome [12], primary prevention of type 2 diabetes melli-
tus and cardiovascular diseases [13, 14], and obesity
control [15]. Finally, metformin is readily available
worldwide at low cost.
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Type 2 diabetes mellitus is a well-established risk factor
for EC [16, 17]. Insulin resistance has been suggested to
be one of the critical biological processes that contribute
to EC [18, 19]. Approximately 30% of patients with EC
have type 2 diabetes mellitus, and up to 36% have undiag-
nosed insulin resistance [20]. Metformin use could reduce
the risk of type 2 diabetes mellitus and delay its progres-
sion. It reduces insulin resistance by increasing insulin re-
ceptor tyrosine kinase activity, enhancing glycogen
synthesis, and promoting the recruitment and increasing
the activity of glucose transporter type 4 [21]. Moreover, it
affects endometrial maturation, proliferation, and implant-
ation process [22—24]. Finally, the risk of EC is increased
in women who have higher endogenous estrogen levels
[25], and metformin has been reported to hinder
estrogen-mediated endometrial proliferation [26].

Several studies have reported that metformin is a
promising intervention for preventing and treating EC.
However, these studies had conflicting results, and no
relevant meta-analyses have been conducted. Therefore,
this systematic review and meta-analysis was performed
to evaluate the effectiveness of metformin for the risk
and survival outcomes in patients with EC.

Methods

Search strategy

This meta-analysis was performed according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis guidelines (Additional file 1) [27].
PubMed, Embase, and the Cochrane Library databases
were searched for eligible studies between 1980 and July
2016. The following key words and medical terms were
used for the literature search: (metformin OR glucoph-
age OR dimethylbiguanide OR dimethylguanylguanidine)
AND (endometrial cancer OR endometrial carcinoma
OR endometrial hyperplasia OR endometrial prolifera-
tion OR endometrial thickness). The language was lim-
ited to English. Manual searching was also conducted on
the reference lists of included studies and reviews for
potentially relevant studies.

Inclusion criteria

Articles were included in the study if they met the follow-
ing criteria: (1) used metformin for preventing or treating
EC; (2) evaluated the incidence of EC or survival out-
comes; the survival endpoints were overall survival (OS),
recurrence-free survival (RFS)/disease-free survival, or the
recurrence rate; (3) directly reported the effect estimates
of odds ratio (OR), hazard ratio (HR), or relative risk (RR);
(4) indirectly reported data allowing for the calculation of
these effect estimates; and (5) the study with observational
design. Abstracts, unpublished data, and studies not pub-
lished in English were excluded.
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Data collection and quality assessment

Two reviewers independently examined the included
studies for eligibility and extracted the data. Any
disagreement was resolved by consensus. The following
information from each included study was extracted into
standardized tables: author, publication vyear, region,
study design, sample size, age, patient characteristics, EC
incidence, percentage of metformin use in DM patients,
proportion of patients with diabetes, reported effect esti-
mates, degree of adjustment, and study period. When
multiple studies for the same cohort were found, the
most comprehensive or most recent data were used. The
same reviewers independently evaluated the risk of bias
using the Newcastle-Ottawa Scale [28]. This scale
assigned 0-9 points based on three items: selection,
comparability, and outcome assessment. Studies with
0-3, 4-6, and 7-9 points were classified as low-,
medium-, and high-quality studies, respectively.

Statistical analysis

ORs and their associated 95% confidence intervals (Cls)
were used as the effect measures for the outcome of EC
risk. HRs and associated 95% Cls were used as the effect
measures for the survival outcomes. Adjusted ORs or HRs
were preferred for the analyses. However, if the adjusted
effect estimates were not directly presented, they were cal-
culated from the crude data available. HR was considered
to be equivalent to RR in cohort studies. Given the low
incidence of EC, HRs could be assumed to be accurate
estimates of ORs. When a study presented only Kaplan—
Meier curves, HRs and 95% Cls were calculated based on
published methods [29]. A fixed-effects model was used
for the data combination of different subgroups in a single
study. The result from a random-effects meta-analysis is
more conservative than that from a fixed-effects model.
Thus, the between-study results were pooled using the
random-effects model proposed by DerSimonian and
Laird [30]. The heterogeneity between studies was evalu-
ated with Q and F* statistics [31]. I* values between 0%
and 25% were designated as a low level, values more than
25% as a moderate level, and values more than 75% as a
high level of heterogeneity. The heterogeneity was
explored by subgroup, meta-regression, and sensitivity
analyses. The publication bias was examined visually by
the symmetry of funnel plots and statistically by Egger’s or
Begg’s tests [32, 33]. All statistical analyses were per-
formed using Stata software (version 12.0, Stata Corpor-
ation, TX, USA). All statistical tests were two sided. A P
value less than 0.05 was considered statistically significant.

Results

Study selection

The PRISMA flow diagram of the identification and selec-
tion of studies is shown in Fig. 1. From a total of 246
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Potential articles from PubMed,

EmBase and the Cochrane (n=246)

Abstracts and title excluded during first
screening (n=212)

v

Articles reviewed in details (n=34)

Articles excluded (n=20)
No relevant data (n=16)

Experimental studies (n=3)
Meta-analysis (n=1)

14 studies included

Fig. 1 Flow diagram of the study selection process

publications (141 from PubMed, 97 from Embase, and 8
from the Cochrane Library), duplicates were removed and
irrelevant studies or those without sufficient data dis-
carded. Finally, 13 studies were pooled in the meta-
analysis, including 7 studies on the risk of EC [34—40] and
7 studies on the survival outcomes of EC [9, 10, 41-45].

Study characteristics and quality evaluation

The characteristics of the seven studies on EC risk are
shown in Table 1, including two case—control studies
[34, 39], four retrospective studies [36—38, 40], and one
prospective study [35]. These studies were all published
between 2013 and 2017. Two studies were conducted in
the United States [35-37], three in Europe [34, 39, 40],
and one in China [38]. The sample size ranged from
7861 to 4,478,921. Six studies reported the adjusted ORs
[34—-36, 38—40], and one study reported only the crude
data [37]. The incidence of EC ranged from 0.1% to 14.
3% of included studies. The features of the studies on
EC prognosis are shown in Table 2. All of the studies
were retrospectively designed, including five studies in
the United States [9, 10, 41, 43, 44] and two studies in
Europe [42, 45]. The sample size ranged from 107 to
1303. Except for a study that included only cases of
advanced EC [44], most of the studies primarily included
patients with early-stage EC (70%—82%). The proportion
of patients with diabetes ranged from 17% to 100%. Hall
et al. only presented crude data on recurrence rates [10],
but the other studies reported adjusted data. The quality
appraisal of the included studies is summarized in
Additional file 2. All studies were of high quality, with a
score of 8-9.
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Metformin and the risk of EC

Seven studies were eligible for the meta-analysis. Becker
et al. analyzed the risk based on different metformin pre-
scriptions (1-24 and >25) [34]. The data were first
pooled in a fixed-effects model. Six studies presented
the adjusted ORs. The pooled data showed that metfor-
min use was not associated with the risk of EC (OR = 1.
05, 95% CI 0.82—1.35, P = 0.70) (Fig. 2). High heterogen-
eity was shown among the studies (# =90.9%, P<0.05).
In the sensitivity analysis, the exclusion of any single
study did not markedly alter the overall effect size, and
in stratified analyses, the overall effect was not
significantly changed for the subgroups by geographic
region (USA, Europe, or Asia) and study design
(case—control, prospective, or retrospective). However,
no heterogeneity was detected in two European
case—control studies (I* = 0). In the meta-regression ana-
lysis, the sample size could not explain the source of
heterogeneity (P >0.05). The funnel plot appeared to be
symmetrical (Fig. 3a). Notably, a significant publication
bias was revealed by the Egger’s test (P < 0.05), but not
by the Begg’s test (P=1.00). The conclusions were not
changed after adjustment for publication bias by using
the trim and fill method [46].

The association between metformin and EC risk was
further investigated in patients with diabetes. Franchi et
al, Tseng et al. and Arima et al. included only patients
with type 2 diabetes mellitus [37-40]. Three other stud-
ies reported data for subpopulations with type 2 diabetes
mellitus [34-36]. The pooled data showed that patients
with diabetes using metformin did not have a substan-
tially lower risk of EC compared with those receiving
other interventions (OR =0.99, 95% CI 0.78-1.26, P=0.
95) (Fig. 4). However, high heterogeneity was detected
(I =89.9%, P <0.05).

Metformin and OS of EC

Six retrospective studies were included in this analysis.
Ezewuiro et al. and Al Hilli et al. separately reported
data for patients with diabetes not using metformin and
those without diabetes [43, 44]. The data from the sub-
groups within a single study were first pooled using a
fixed-effects model. The pooled data showed that met-
formin use in patients with EC was significantly associ-
ated with longer OS compared with patients with EC
not using metformin (HR =0.61, 95% CI 0.48-0.77, P <
0.05) (Fig. 5). Low heterogeneity was identified, which
was not significant (I* = 8.1%, P =0.36). No single study
markedly changed the overall effect in the sensitivity
analysis. In the subgroup analysis, the results were not
significant for two European studies (HR = 0.74, 95% CI
0.37-1.49, P=0.41), but were significant for the four
studies conducted in the USA (HR = 0.59, 95% CI 0.45—
0.76, P<0.05). When stratified by the percentage of
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Fig. 4 Forest plot of the association between metformin use and risk of endometrial cancer among patients with diabetes

patients with type 2 diabetes mellitus (< 50% vs >=50%),
the overall effect had no substantial change. The meta-
regression analysis revealed no significant role of sample
size (P =0.81), proportion of stages I-II patients (P =0.
88), or percentage of patients with type 2 diabetes melli-
tus (P =0.84) to account for the heterogeneity. The fun-
nel plot seemed to be symmetrical (Fig. 3b). No
significant publication bias was shown by the Egger’s test
(P =0.78) or the Begg’s test (P =0.45).

The efficacy of metformin was further investigated
among patients with EC having diabetes. Three studies re-
ported relevant data. Metformin use was significantly asso-
ciated with improved OS compared with other antidiabetic
regimens (OR =047, 95% CI 0.33-0.67, P<0.05) (Fig. 6).
No heterogeneity was detected (I* = 0%, P = 0.69).

Metformin and recurrence of EC

Three studies reported data on the recurrence of EC [10,
44, 45]. The pooled results suggested that metformin use
in patients with EC did not significantly reduce the risk of
recurrence (OR =0.50, 95% CI 0.28-0.92, P<0.05) (Fig.
7). No heterogeneity was identified (I* = 0%, P = 0.98).

Discussion
This meta-analysis on the prevention of EC with metfor-
min included 7 studies and a total of 5,293,039 partici-
pants. The pooled data suggested that the use of
metformin could not substantially prevent the develop-
ment of EC. When analyzing the subgroup of patients
with diabetes, who were at a higher risk of EC, a signifi-
cant protective effect of metformin against EC still could
not be detected compared with patients with diabetes
treated with other antidiabetic therapies. Differences in
the duration of use and dose of metformin might have
limited the statistical power of this study. The protective
effects of metformin might be time and dose dependent
[47]. However, most included studies failed to conduct
dose-escalation analyses. Further, this meta-analysis also
comprised 7 studies with a total of 3923 patients with
EC who were treated with metformin. It was found that
metformin could substantially improve the OS and re-
duce the risk of recurrence. The benefit for OS remained
significant for the subgroup of patients with diabetes.

A previous meta-analysis based on 19 studies and il-
lustrated effects of metformin on reversal of atypical
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Fig. 7 Forest plot of the association between metformin use and recurrence of endometrial cancer

endometrial hyperplasia, cellular proliferation bio-
markers expression and overall survival. Further, they
point out metformin could reverse atypical endometrial
hyperplasia to normal endometrial histology, reduction
of cell proliferation biomarkers, and improvement of
OS. However, mostly investigated outcomes focused on
precancerous indicators, while the risk of certain cancer
was not evaluated [48]. The study conducted by Pere-
z-Lopez et al. suggested metformin therapy was associ-
ated with a reduced risk of overall mortality in T2DM
women with EC. Whereas this study focused on patients
with T2DM and the preventive effect of metformin on
EC risk was not illustrated [49]. Tang et al. conducted a
meta-analysis based on 11 studies and indicated metfor-
min therapy are significantly improvement EC risk and
prognosis of EC. However, this study with incomplete
electronic searches and the result of recurrence of EC
were not calculated [50]. This novel meta-analysis of
metformin use for preventing and treating EC analyzed
both risk and survival scenarios. The most comprehen-
sive up-to-date relevant studies were included. The sam-
ple sizes of most studies were sufficiently large, and the
studies were of high quality. The inclusion of partici-
pants from all parts of the world meant that the present
study results should be generalizable to the general
population. Most studies sufficiently adjusted for various
clinicopathological confounding factors. Moreover, the
role of metformin was specifically assessed among pa-
tients with diabetes.

Abundant preclinical in vitro and in vivo studies have
reported the anticancer effect of metformin on various

malignancies. Nevertheless, the exact molecular mecha-
nisms remain unknown. Metformin may inhibit cancer
stem cell-like subpopulations in cases of intraepithelial
neoplasia [51]. Metformin may also prevent the conver-
sion of epithelial cells into mesenchymal cells [52]. Several
studies have reported that metformin can reverse endo-
metrial hyperplasia [53, 54]. Thus, metformin may have
multiple functions mediated through direct and indirect
mechanisms [51]. The indirect effect is insulin dependent.
Metformin helps control the circulating glucose level and
improve insulin sensitivity. The direct effect is insulin in-
dependent. Metformin exerts its effects on tumor cells
primarily through the adenosine 5’-monophosphate—acti-
vated protein kinase and phosphoinositide 3-kinase/pro-
tein kinase B/mammalian target of rapamycin signaling
pathways [55]. Notably, these molecular targets are similar
to the targets of current drugs, such as sorafenib and
everolimus. A phase I clinical trial of 21 cases, including 4
patients with advanced EC, showed that the combination
of temsirolimus and metformin was a promising treat-
ment [56]. Metformin is nontoxic and may be extremely
useful for enhancing the treatment efficacy of the targeted
drugs [51]. Since metformin has been used for more than
50 years, its safety profile has been well established.
Although it can cause potentially dangerous toxicity from
lactic acidosis, the risk is mainly confined to patients aged
more than 80 years, patients with alcohol abuse, or those
who have comorbidities of renal, hepatic, or cardiac
insufficiency [57].

This meta-analysis had several limitations. It only
identified a small number of studies exploring the role
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of metformin for prevention and treatment. Further,
stratified results according to individuals characteristics
were not reported. Therefore, a subgroup or meta-
regression analysis could not identify the sources of het-
erogeneity. Many of the included studies were retro-
spectively designed, which might have led to recall and
selection bias, and those study are associated with low
level of evidence. Furthermore, whether patients had
taken different antidiabetic drugs before metformin ad-
ministration could not be determined. Their glycemic
control might also be inadequate. Moreover, this meta-
analysis was based on observational data, which was as-
sociated with higher indication bias. Such as, more
“healthier patients” always receive the best treatment.
No randomized controlled trial has been conducted on
patients with EC. Interestingly, a previous large random-
ized controlled trial that enrolled patients with
gastrointestinal malignancies showed that metformin
was helpful for the chemoprevention of colorectal cancer
[58], but did not significantly improve the OS of patients
with pancreatic cancer [59]. Most of the studies included
in this meta-analysis did not report the effect of metfor-
min dose or duration. Although most of the studies
performed sufficient adjustment of variables, little infor-
mation was available to evaluate the potential influence
of other drugs such as aspirin or statins. Moreover,
stratified analyses were not conducted based on study
design and other patient characteristics, since a smaller
number of cohorts were included. Therefore, this com-
prehensive meta-analysis just provided relative results
on metformin use for EC prevention and treatment.

Conclusions

In conclusion, a preventive effect of metformin on the
development of EC was not observed in this meta-
analysis. However, metformin was beneficial in improv-
ing the OS and reducing the relapse risk for patients
with EC. More prospective long-term studies should be
conducted to verify the findings of the present study.
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