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Abstract: Objective: The potential therapeutic effects of metformin on several cancers have been reported. However,
there is no consensus on whether metformin has anti-tumor impact on ovarian cancer. We performed this sys-
tematic review and meta-analysis to assess the effect of metformin on ovarian cancer. Methods: We conducted
searches of PubMed, EMBASE and the Cochrane Central Register of Controlled Trials to identify studies evaluating
risk or survival data of ovarian cancer in diabetic patients taking metformin versus those not. All articles were re-
viewed independently by two authors with a standardized approach, to extract study design, patient characteristics,
metformin exposure, and clinical outcomes. The meta-analysis estimating ovarian cancer risk was done using a
random-effect model. Results: Among 9 included studies, 4 studies determined the effect of metformin on survival
in diabetic ovarian cancer patients, while the rest 5 studies assessed whether metformin could protect diabetes
patients from ovarian cancer occurrence. The findings of studies reporting survival outcomes indicated that metfor-
min may prolong overall, disease-specific, and progression-free survival in ovarian cancer patients. The results of
studies reporting the effect of metformin on preventing ovarian cancer were meta-analyzed, which demonstrated
that metformin significantly decreased incidence of ovarian cancer among diabetic patients with the pooled odds
ratio of 0.54 (95% confidence interval: 0.32-0.93). Conclusions: Our findings showed that metformin can reduce
ovarian cancer risk and may prolong ovarian patents’ survival among diabetic patients.
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Introduction Metformin, currently recommended as first-line
therapy for patients with type 2 diabetes [5], is
attracting increasing attention as a potential
anti-cancer agent. Preclinical studies have
demonstrated that metformin can inhibit the

proliferation of cancer cell lines in vitro [6]. And,

Despite low morbidity of ovarian cancer approx-
imately 3% of all female cancers, it is the lead-
ing cause of cancer-related death in women [1].
This is probably due to the late diagnosis of

ovarian cancer with extensive disease and lim-
ited efficacy of currently available therapies [2].
Increasing age, positive familial history and
associated genetic predisposition are the major
risk factors of ovarian cancer [3]. In addition,
ovarian cancer occurs more frequently in
patients with high fat diet, use of fertility drugs,
and prolonged estrogen replacement therapy
[4]. On the contrary, protective factors are bilat-
eral tubal ligation, use of oral contraceptives,
hysterectomy, multiparity, late menarche and
early menopause [4].

converging clinical data suggested that diabet-
ics treated with metformin had a substantially
lower risk of overall and certain cancer (liver
cancer, lung cancer, etc.) and improved out-
comes than those treated with other agents
[5-8]. The biologically plausible mechanisms of
anti-cancer impact of metformin exist, includ-
ing direct effect on cancer cells and indirect
influence on the host [9]. Metformin activates
adenosine monophosphate-activated protein
kinase (AMPK) and suppresses activity of mam-
malian target of rapamycin (mTOR) pathway,
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activator A-769662 had antineoplastic activity
[10]. In addition, activation of AMPK by metfor- Materials and methods
min requires its upstream regulator LKB1, a
well-recognized tumor suppressor, which may Search strategy

contribute to its antitumor effect [11, 12].
Moreover, metformin executes indirect antineo-
plastic activity on insulin-sensitive cancers by

We conducted extensive searches of PubMed,
EMBASE and the Cochrane Central Register

inducing hepatic energy stress, which decreas- of Controlled Trials until Jan. 14, 2016, using
es gluconeogenesis and lower insulin and glu- keywords including variations on “metformin”
cose levels in the host [13]. Albeit antineoplas- AND “ovarian cancer” AND “diabetes”. Studies
tic activity of metformin has been investigated investigating risk or survival data of ovarian
in several cancers among patients with diabe- cancer in diabetic patients taking metfor-
tes mellitus, question persists about the asso- min versus those not was eligible. The refer-
ciation between metformin and ovarian cancer. ence lists of identified studies were manually
Therefore, we conducted this study to investi- checked for additional relevant reports. We
gate whether metformin could improve progno- also checked ongoing clinical trials status
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from the clinical trials register available at
www.clinicaltrial.gov.

Selection criteria

Studies that satisfied the followed criteria were
included: (I) Published in journals with full-text
in English; (I1) Comparing risk or survival data of
ovarian cancer between metformin ever-users
and metformin never-users; (lll) Containing suf-
ficient published data to estimate odds ratios
(ORs) with a 95% confidence interval (Cl). The
exclusion criteriawere asfollows: (1) Publications
that were not within the field of interest; (ll)
Inadequate information for data extraction; (lll)
Study design of review articles and case report.

Data abstraction

For each study, the following information was
extracted: the first author’s surname, year of
publication, study design, purpose of study
(prevention or treatment), outcome measures,
and number of subjects assigned to metfor-
min versus non-metformin and corresponding
risk or survival data of ovarian cancer in both
group. Information was extracted independent-
ly by two reviewers according to the inclusion
criteria listed above from all eligible publica-
tions. Decisions were compared and a consen-
sus was reached. Disagreements were resolved
by discussion.

Statistical analysis

Due to the limited number of studies investigat-
ing survival data of ovarian cancer and inconso-
nant outcome measures used among those
reports, we just tabulate the main results of
them and conducted meta-analysis for studies
appraising ovarian cancer risk. The pooled OR
with the 95% Cl assessing risk of ovarian can-
cer between metformin ever-users and metfor-
min never-users was calculated using Mantel-
Haenszel methods. Heterogeneity among the
studies was evaluated using the x-based Q
statistic. Provided heterogeneity existed, sensi-
tivity analysis was conducted to explore poten-
tial source of heterogeneity. All analyses used
Stata version 12.0.

Results

Initially, a total of 521 articles were identified
through searching electronic databases and
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gray literature, of which 8 articles met the inclu-
sion criteria [14-21]. Among the 513 excluded
articles, 138 articles were duplicates, 129 arti-
cles were reviews, 8 articles were letters or edi-
torial and 238 articles were not within the field
of interest. One additional study was added
after reviewing the bibliographies of the includ-
ed articles. In total, 9 studies were included in
our final analysis (Figure 1).

Characteristics of included studies

Characteristics of all included studies are pre-
sented in Table 1. Among 9 studies, 4 studies
determined the effect of metformin on sur-
vival in diabetic ovarian cancer patients [14-
17], whereas the rest 5 studies evaluated
whether metformin had preventive effect on
ovarian cancer in diabetic patients [18-21]. The
9 included trials incorporated 5 retrospective
cohort studies, 1 retrospective case-control
study, 1 prospective cohort study, and 2 ran-
domized controlled trials (RCTs) (ADOPT [A
Diabetes Outcome Progression Trial and RE-
CORD [Rosiglitazone Evaluated for Cardiovas-
cular Outcomes and Regulation of Glycaemia
in Diabetes]).

Quality assessment

Quality assessment for eligible studies was
evaluated by the NOS, which is recommended
by the Cochrane Non-Randomized Studies
Methods Working Group. In this scale, studies
include three parts: selection, comparability
and outcome. The quality of each study get
eight stars at most, grading was as follows: <5
stars as low quality, and >6 stars as high qual-
ity. Quality assessment was performed by two
investigators (Chaoqgi Zhang, Xueliang Zhou),
and any differences was resolved by Xianfei
Ding. All papers scores are higher than 6 stars,
so these papers are included.

Effects of metformin on clinical outcomes

We divided the included studies into two parts
according to study aims: prevention [18-21] or
treatment [14-17]. There were four studies eval-
uating treatment efficacy of metformin with var-
ied outcome that measures meta-analysis of
those studies that could not be conducted.
Thereby, we summarized the main results of
those studies instead of qualifying the data.
Meta-analysis was performed among studies
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Table 1. Baseline characteristics of included studies
Outcome Overall DSS 5y PFSand Mortality, meanand  Median PFS

. . . Risk of OC Risk of OC Risk of OC Risk of OC Risk of OC
measures and 5-y DSS 5-y OS median survival and median OS
Exposure variable Metformin Metformin Metformin Metformin Metformin Metformin Metformin Metformin Metformin
Population Diabetic patients Diabetic patients Diabetic patients Diabetic patients Diabetic patients Diabetic patients Diabetic patients Diabetic patients Diabetic patients
with OC with OC with OC with OC
Study design Retrospective Retrospective Retrospective Retrospective Retrospective Randomized clinical ~Randomized clinical Prospective Retrospective
cohort cohort cohort cohort case-control trial trial cohort cohort
Purpose Treatment Treatment Treatment Treatment Prevention Prevention Prevention Prevention Prevention
Study (year) Kumar et al. Romero et al. Currie et al. Shah et al. Bodmer et al. Home et al. Home et al. Soffer et al. Tseng et al.
(2012) [14] (2012) [15] (2012) [16] (2014) [17] (2011) [18] (2012): ADOPT [19] (2012): RECORD [19] (2015) [20] (2015) [21]

DSS = Disease-specific survival, OC = Ovarian cancer, OS = Overall survival, PFS = Progression-free survival.
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Figure 2. Forest plots on the association of metformin with ovarian cancer prevention.
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Figure 3. Sensitivity analysis of studies conducted for sources of heterogene-

ity.

assessing preventive effect of metformin on
ovarian cancer with ovarian cancer incidence
as the primary outcome.

Effects of metformin on survival outcome

Four studies evaluated the therapeutic effect
of metformin on ovarian cancer [14-17]. The
study by Kumar et al. [14] incorporated a pre-
liminary analysis and a definitive analysis. The
difference between the two analyses was that
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0930.96 for definitive analysis). Addi-
tionally, the multivariate anal-
ysis indicated that metfor-
min exposure was an inde-
pendent predictor of ovarian
cancer survival in both preliminary and defini-
tive analysis.

Need to mention that, the authors primarily
chose nondiabetic patients as controls to mini-
mize the bias given to the negative effect of dia-
betes on ovarian survival and the major propor-
tion of nondiabetic ovarian cancer patients.
Still, there was a comparison between epitheli-
al ovarian cancer cohort and diabetic controls,
which ascertained metformin’s advantage on
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prolonging cancer survival (5-year disease spe-
cific survival for cases versus controls: 67% vs.
40%, P =0.003). Romero et al. [15] also report-
ed significantly improved progression-free sur-
vival and overall survival at 5 years in diabetic
patients treated with metformin when com-
pared to nondiabetic patients and diabetic
patients who didn’t use metformin. In addition,
the study suggested that metformin could pro-
tect diabetic ovarian cancer patients from dis-
eases occurrence, compared with diabetic
patients without metformin intake (the adjust-
ed HR = 0.38, 95% CI: 0.16-0.90). Moreover, in
the study by Currie et al. [16], reduced mortality
was found in patients treated with metformin
monotherapy at the time of diagnosis for ovari-
an/endometrial cancer (0.48 [0.28-0.81]) and
patients treated with monotherapy for 90 days
after a cancer diagnosis (0.42 [0.23-0.77]).
Nevertheless, the retrospective cohort study by
Shah et al. [17], including 367 ovarian cancer
patients, suggested that metformin exposure
didn’t seem to affect median progression-free
survival (use vs. non-use, 10.1 vs. 10.3 months,
P = 0.7) or median overall survival (use vs. non-
use, 23.9 vs. 26.1 months, P = 0.6) among dia-
betic patients, which was in disagreement with
studies by Kumar et al. and Romero et al. [14,
15].

According to the included 4 studies, 3 of them
suggested that metformin was likely to be
effective for treating ovarian cancer while 1
indicated no therapeutic effect of metformin on
ovarian cancer. This inconsistency might be
caused by confounders such as disease stage,
chemotherapy regimens, and body mass index
among studies due to the retrospective nature
of those studies. But this cannot deny the high-
ly potential trend that metformin therapy is
associated with a better prognosis in ovarian
cancer patients using metformin versus those
not.

Effects of metformin on ovarian cancer pre-
vention

Metformin’s role in the prevention of ovarian
cancer was evaluated in 5 trials by meta-analy-
sis [18-21]. Pooling the data of those studies
showed that metformin could significantly de-
crease ovarian cancer incidence when com-
pared with metformin never-users (OR = 0.54,
95% Cl: 0.32-0.93) (Figure 2). However, consid-
erable heterogeneity among these trials exists,
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with I? statistic of 85.7% (Figure 2). To over-
come this problem, we did a sensitivity analysis
to explore potential sources of significant het-
erogeneity. As indicated by sensitivity analysis,
the study by Tseng et al. [21] generated statisti-
cally heterogeneous outcomes (Figure 3). The
study, thus, was excluded. The pooled OR of the
rest studies was 0.71 (95% Cl: 0.55-0.92; I?
statistic = 0.0%) supporting a beneficial role of
metformin in preventing ovarian cancer in dia-
betic population (Figure 4). Begg's test was
performed to evaluate the publication bias
(Figure 5). No evidence of publication bias for
the association between metformin with ovari-
an cancer prevention was found.

Discussion

Our findings show that metformin significantly
decreases the risk of ovarian cancer and tends
to prolong survival in diabetic ovarian cancer
patients when compared to those not taking
metformin. In 2012, Noto et al. published a
meta-analysis investigating the association
between metformin intake and risk and mortal-
ity of any-site cancers, involving 21,195 and
210,892 patients respectively [22]. The study
reported a significantly decreased risk of over-
all cancer risk (RR = 0.67, 95% CI: 0.53-0.85)
and mortality (RR = 0.66, 95% CI: 0.49-0.88) in
diabetic patients treated with metformin. Fur-
thermore, the study demonstrated that metfor-
min can also lower incidences of site-specific
cancers (0.68 (0.53-0.88) for colorectal can-
cer, 0.20 (0.07-0.59) for hepatocellular cancer,
0.67 (0.45-0.99) for lung cancer [22]. The re-
sults were then supported by another meta-
analysis [23]. However, they failed to show
clues to the association between metformin
and ovarian cancer. In 2013, Franciosi et al.
conducted a systematic review to assess whe-
ther metformin therapy could affect cancer
risk in patients with type 2 diabetes [24]. The
study, involving 12 RCTs (21,595 patients) and
41 observational studies (1,029,389 patients),
showed a potential role of metformin therapy
in reducing risk of cancer and cancer-related
mortality as evident from data in observational
studies, but not in RCTs. The study determined
the association between metformin use and
ovarian cancer as well. Unlike our results, they
found no significantly decreased risk of ovarian
cancer in patients taking metformin. The incon-

Int J Clin Exp Med 2016;9(9):17559-17568
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Figure 4. Meta-analysis of studies conducted for ovarian cancer prevention.
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Figure 5. Begg's funnel plots for publication bias test of the association be-

tween metformin with ovarian cancer prevention.

sistency between the study by Franciosi et al.
and ours, we thought, was because the limited
trails included in Franciosi et al.’s study. They
only included 3 trials, being less convincible.
Collectively, the existing evidence opens a new
avenue for diabetic patients against cancers.

Metformin is currently the first-line drug of
choice for type 2 diabetes. Tantalizing clues to
metformin as an anticancer drug are emerging.
It shows anticancer effect in various cancer cell
types including the breast [3], glioma cells [25],
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1’5 SKVO03, PEO1 and PEO4) in
both AMPK-dependent and
AMPK-dispensable manners
[29]. In addition, metformin
can affect factors promoting
ovarian cancer. For example,
high levels of luteinizing hormone, which induce
angiogenesis, facilitate the development of
ovarian cancer. But this effect can be inhibited
by metformin through blocking the mTOR sig-
naling pathway [30]. Omental adipocytes pro-
mote development of ovarian cancer by secret-
ing adipokines, cytokines and growth factors,
and playing as fuel depots, which can also be
altered by metformin [31]. Moreover, metfor-
min has an impact on ovarian cancer stem cells
growth [32]. But the detailed mechanisms need
to be further elucidated.
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“The most fruitful basis for the discovery of
a new drug is to start with an old drug”. New
use of approved drugs can reduce both the
cost and the time expended introducing a new
drug [33]. Thus, the antineoplastic effect of
widely used antidiabetic drug metformin is
very encouraging. Preclinical findings suggest-
ed that metformin increased chemotherapy
sensitivity in ovarian cancer of mouse models.
Mice treated with paclitaxel plus metformin
had a 60% reduction in tumor weight com-
pared with mice treated with either paclitaxel
or metformin alone (P<0.02) [34]. Unfortunate-
ly, there is no clinical evidence to support this
hypothesis so far or large clinical trials that the
synergistic effects of metformin with chemo
therapy for ovarian cancer are warranted.

This study suggested that diabetic or ovarian
cancer patients could benefit from metformin.
However, some limitations need to be acknowl-
edged. First, the number of trials included in
the study is limited. There are currently a num-
ber of ongoing registered trials (www.clinicaltri-
al.gov.) testing metformin as a treatment strat-
egy for women with ovarian cancers (NCT-
02122185, NCT01579812, NCT02050009),
and the results of these trials would be cru-
cial to determine clinical use of metformin in
ovarian cancer. Second, only two of included
studies were RCTs. The rest were retrospective
or prospective study, which were unpredicta-
bly prone to bias and confounding inherent to
their design. Considerable heterogeneous out-
come was observed when pooling all 5 studies.
To find the possible source of heterogeneity, we
did a sensitivity analysis which identified the
study by Tseng et al. [21]. The possible reasons
are hard to tell because of its retrospective
nature. Third, different doses of metformin
might have different impact on ovarian cancer
risk and survival. Nevertheless, this issue is
not being elucidated due to the scarce data
and needs to be further investigated.

In conclusion, the present study suggests that
metformin exposure is associated with reduced
risk of ovarian cancer and has a tendency to
improve survival in female patients with diabe-
tes. Well-designed randomized clinical trials
are needed to further confirm the findings.
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