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Background. Previous observational studies and meta-analysis suggested a possible association between metformin use and
reduced mortality in women with ovarian cancer (OC). However, clinical factors that may influence the relationship remain
poorly evaluated. We performed an updated meta-analysis to systematically evaluate the above association and to observe the
potential influences of study characteristics on the association. Methods. Relevant studies reporting the association between
metformin use and mortality in women with OC in the multivariate adjusted model were identified by search of electronic
databases that included PubMed, Embase, and Web of Science. *e random-effects model was adopted to combine the results.
Results. Nine studies including 10030 women with OC were included. Overall, metformin use was independently associated with
reduced overall mortality (hazard ratio (HR): 0.72, 95% confidence interval (CI): 0.55–0.93, P � 0.01; I2 � 62%). Consistent results
were observed for studies comparing metformin users with nondiabetic women and studies comparing metformin users with
diabetic women who did not use metformin (P for subgroup analysis� 0.70). Further subgroup analyses showed consistent results
in studies with metformin use before or after the diagnosis of OC, with or without adjustment of body mass index (BMI) and with
or without adjustment of concurrent medications (P for subgroup analyses all >0.10). Conclusion. Metformin use is associated
with reduced mortality in women with OC, which may be independent of the diabetic status of the controls, timing of metformin
use, or adjustment of BMI and concurrent medications. Clinical trials are needed to validate the potential benefits of metformin on
survival of OC.

1. Introduction

Ovarian cancer (OC) is the fifth leading cause of cancer-
related mortality globally, among which epithelial OC is the
most common type with a high mortality [1]. Although OC
is relative rare among gynecological malignancies, women
with OC are usually diagnosed late due to the nonspecific
symptoms and lack of the screening test for the disease [2–4].
Surgical resection is preferable for women with early stage
OC; while for most cases of advanced cancer, tumor
debulking followed by adjunctive therapy could be per-
formed. However, the recurrence of the cancer remains high
despite of these treatments [5–7]. *erefore, effective
treatments are urgently needed to improve the survival and

quality of life in women with OC. Metformin is a con-
ventional oral antidiabetic agent which has been suggested to
confer anticancer efficacy [8]. Previous studies have con-
firmed that metformin use is associated with reduced risk of
cancer in diabetic patients, including the incidence of OC
[9–11]. However, studies evaluating the influence of met-
formin onmortality in women with OC showed inconsistent
results [12–20]. Some studies suggested that metformin use
was associated with reduced mortality in women with OC
[12–14, 18, 20], while others did not [15–17, 19]. Accord-
ingly, some meta-analyses have been performed to evaluate
the association between metformin use and mortality in OC
[21–24]. Although most of their findings suggested that a
possible relationship between metformin use is associated
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with reduced mortality in women with OC, potential in-
fluences of patient or study characteristics on the association
have rarely been observed in previous meta-analyses, such as
diabetic status of the women in the control group, timing of
metformin use, and obesity status of the patients. Under-
standing the possible influences of these clinical variables on
the association between metformin use and reduced mor-
tality in women with OC is important for designing future
clinical studies. *erefore, in this study, we performed an
updated meta-analysis to provide a current understanding
for the association between metformin use and mortality in
women OC. In addition, comprehensive sensitivity and
subgroup analyses were performed to evaluate whether the
abovementioned study or patient characteristics may affect
the association of interest.

2. Methods

*eMeta-analysis of Observational Studies in Epidemiology
(MOOSE) guideline [25] and Cochrane’s Handbook [26]
were followed in this study.

2.1. Literature Search. *e electronic databases of PubMed,
Embase, and Web of Science databases were searched with a
strategy of combined terms: “metformin;” “ovarian” OR
“ovary;” “cancer” OR “carcinoma” OR “tumor” OR “ma-
lignancy” OR “neoplasm;” and “death” OR “deaths” OR
“mortality” OR “survival” OR “prognosis.” Only studies
reported in English were considered. References of related
articles or reviews were also analyzed. *e final literature
search was performed on March 23, 2021.

2.2. Study Identification. Studies fulfilled these criteria were
included in the meta-analysis: longitudinal follow-up studies
(cohort studies and nested case-control studies) published as
full-length papers; included women with confirmed diagnosis
of OC; compared themortality between users and nonusers of
metformin during follow-up; and reported hazard ratios
(HRs) for the association between metformin use and all-
cause mortality with multivariate analysis. Definition of
metformin use was consistent with that applied among the
included studies. Reviews, preclinical studies, cross-sectional
studies, and irrelevant studies were not included.

2.3. Data Extracting and Quality Evaluation. Two authors
implemented database search, data extraction, and study
quality assessment separately. If disagreements occurred,
they were discussed with the corresponding author. *e
following data were recorded: author and study year; study
design characteristics and country of the study; sample size
of the included women with OC, mean age of the women,
and International Federation of Gynecology and Obstetrics
(FIGO) stage of OC; definition of metformin use; median
follow-up duration and methods for validation of mortality;
and potential confounding factors adjusted in the multi-
variate analyses. *e Newcastle–Ottawa Scale [27] was used
evaluate the quality of the included studies. *is scale rated

from 1 to 9 stars and reflected the quality of the study by
aspects of participant selection, comparability between
groups, and outcome validation.

2.4. Statistical Analyses. HRs and the corresponding 95%
confidence intervals (CIs) were extracted for each included
study. For studies reporting multiple HRs according to
different models of multivariate regression analyses, the
most adequately adjusted HR from each study was extracted
and combined in this meta-analysis. *en, standard errors
(SEs) of the logarithmic transformation of the HRs were
estimated from the 95% CIs or P values. For normalization
of their distribution, HRs were logarithmically transformed
[26] and combined. Heterogeneity within the included
cohort studies was tested via Cochrane’sQ test, as well as the
estimation of I2 statistic [28]. An I2> 50% suggests signifi-
cant heterogeneity. A random-effects model was chosen to
combine HRs by incorporating the potential heterogeneity
between studies [26]. Sensitivity analyses by sequentially
excluding each dataset at a time (influencing analyses) were
conducted to clarify the influence of a certain study on the
overall results [29]. Predefined subgroup analyses according
to the diabetic status of women in the control group, timing
of metformin use, and adjustment of body mass index (BMI)
or concurrent medications were also performed. Visual
examination of the symmetry of the funnel plots were used
for the assessment of publication bias [30], which were
further validated by Egger’s regression asymmetry test. *e
RevMan (Version 5.1; Cochrane Collaboration, Oxford, UK)
and Stata software were involved for statistical analyses.

3. Results

3.1. Database Search. Details of the database search are
shown in Figure 1. *e first-step database search retrieved
988 articles after duplicated studies were excluded. Among
them, 959 studies were further excluded based on titles and
abstracts primarily because they were not related to the
purpose of the meta-analysis. *en, for the remaining 29
studies evaluated by full-text reading, 20 were further ex-
cluded for the reasons shown in Figure 1, which resulted in 9
studies finally analyzed in the meta-analysis [12–20].

3.2. StudyCharacteristics. Characteristics of each study of the
meta-analysis are given in Table 1. Overall, 9 longitudinal
follow-up studies including 10030 women with OC were
considered eligible for the meta-analysis [12–20]. All of these
studies were of retrospective design and published between
2012 and 2020. *ese studies were performed in the United
States [13–15, 17, 20], United Kingdom [12], Finland [19],
Israel [16], and China [18], respectively. Since one study [18]
reported data in patients with continuous and discontinued
metformin use separately, these two datasets were included
independently in the current meta-analysis. Six studies in-
cluded women with OC without restriction of pathological
type [12, 14, 16–19], while the other 3 included women with
epithelial OC [13, 15, 20]. *e sample sizes of the included
studies varied from 143 to 5126, and the mean ages of the
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included women varied between 57 and 73 years. Use of
metformin was generally evidenced by the records of medical
or pharmacy database. *e median follow-up durations
varied from 2.1 to 7.2 years, and outcome of mortality was
validated by records of medical database among the included
studies. Potential confounding factors including age, BMI,
tumor stage and histological type, anticancer treatment,
comorbidities, and concurrent medications were generally
adjusted to a varying degree in the multivariate analyses for
the association between metformin use and mortality in OC.
*e quality of these studies was good, evidenced by 7–9 points
of NOS scores (Table 2).

3.3. Association betweenMetformin Use andMortality Risk in
Women with OC. Moderate heterogeneity was detected
among the included retrospective studies (P for Cochrane’s
Q test� 0.004, I2 � 62%). Pooled results of the 9 studies
[12–20] with a random-effects model showed that compared
to nonmetformin users with OC, metformin use was in-
dependently associated with significantly reduced risk of all-
cause mortality (adjusted HR: 0.72, 95% CI: 0.55–0.93,
P � 0.01; Figure 2). Influencing analyses showed consistent
results after omitting one dataset at a time (HR: 0.73–0.85, P

all <0.05). Particularly, sensitivity analysis by excluding the
dataset of Wang 2017a or Wang 2017b showed a consistent
result (HR� 0.77 and 0.69, respectively, both P< 0.05).

Subgroup analyses according to the diabetic status of the
women in the control group showed consistent results in
studies comparing metformin users with nondiabetic
women and in studies comparing metformin users with
diabetic women who did not use metformin (P for subgroup
analysis� 0.70; Figure 3(a)). In addition, subgroup analyses
showed that timing of metformin use (before versus after the
diagnosis of OC) did not significantly affect the association
between metformin use and reduced mortality risk in OC (P
for subgroup analysis� 0.49; Figure 3(b)). Finally, subgroup
analyses showed consistent results in studies with or without
adjustment BMI (P for subgroup analysis� 0.61; Figure 4(a))
and in those with or without adjustment of concurrent
medications (P for subgroup analysis� 0.51; Figure 4(b)).

3.4. Publication Bias. Funnel plots representing the meta-
analysis of metformin use and mortality outcome in women
with OC are shown in Figure 5, which are symmetrical,
suggesting low risk of publication bias. Egger’s regression
test showed consistent result for OS (P � 0.332) (Figure 5).

4. Discussion

In this updated meta-analysis, we combined the results of 9
retrospective longitudinal follow-up studies and showed that
metformin use is associated with reduced all-cause mortality
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Table 1: Characteristics of the included studies.

Study Design Country Patient
characteristics

Patient
number

Mean
age

(years)

FIGO
stage

Definition of
metformin

use

Median
follow-up
durations
(years)

Mortality
validation Variables adjusted

Currie, 2012 R UK Women with
OC 5126 67.5 NR

Metformin
use 30 days
before or after
OC diagnosis
by pharmacy

records

2.1 Medical
database

Age, smoking
history, Townsend

index of
deprivation, CCI,
number of primary
care contacts, and
year of diagnosis

Romero,
2012 R USA Women with

epithelial OC 341 59.2 I–IV

Metformin
use 30 days
before OC
diagnosis

5.3 Medical
database

Age, BMI,
creatinine,
histological

subtype, grade, and
FIGO stage of the

tumor

Kumar,
2013 R USA Women with

OC 239 60.4 I–IV

Metformin
use before OC
diagnosis by
pharmacy
records

4 Medical
database

Age, BMI, grade,
histology, and
chemotherapy

Shah, 2014 R USA Women with
epithelial OC 367 63.5 I–IV

Metformin
use before OC
diagnosis by
medical
records

4.8 Medical
database

Age, stage, grade,
histology,

debulking status,
BMI, and

chemotherapy

Bar, 2016 R Israel Women with
OC 143 62.5 I–IV

Metformin
use after OC
diagnosis by
pharmacy
records

4.1 Medical
database

Age, stage, use of
neoadjuvant

chemotherapy, the
presence of DM,

HTN, and
concurrent
medications

Garcia, 2017 R USA Women with
OC 2291 73 I–IV

Metformin
use 6 months
before or after
OC diagnosis
by pharmacy

records

5 Medical
database

Age, race,
diagnosis year,
stage, histology,
grade, DM, and

CCI

Wang, 2017 R China Women with
OC 568 57.9 I–IV

Metformin
use after OC
diagnosis by
pharmacy
records

4.9 Medical
database

Age, histological
subtype, grade,
BMI, smoking,
type of surgery,
postoperative

residual disease,
and chemotherapy

Urpilainen,
2018 R Finland Women with

T2DM and OC 421 71 I–IV

Metformin
use before OC
diagnosis by
pharmacy
records

7.2 Medical
database

Age, diagnosis
year, duration of
DM, stage, and
concurrent
medications

Gonzalez,
2020 R USA

Women with
stage IIIC and
IV epithelial

OC

534 64 III-IV

Metformin
use after OC
diagnosis by
pharmacy
records

4.8 Medical
database

Age, race, CCI,
stage,

chemotherapy,
histology, residual
disease status, and

concurrent
medications

FIGO, International Federation of Gynecology and Obstetrics; R, retrospective; OC, ovarian cancer; NR, not reported; CCI, Charlson comorbidity index;
BMI, body mass index; DM, diabetes mellitus; HTN, hypertension.
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in women with OC. Sensitivity analysis by excluding one
study at a time confirmed the robustness of the finding,
which was not primarily driven by either of the included
studies. Different from previous meta-analyses, we further
performed multiple predefined subgroup analyses, which
showed that the potential benefits of metformin on survival
were independent of the diabetic status of control women,
timing of metformin use, BMI of the participants, and
concurrent medications used. Taken together, results of this
meta-analysis suggest that current evidence from retro-
spective studies supports that metformin use is associated
with reduced risk of mortality in women with OC. Clinical
trials should be performed to evaluate the potential benefits
of additional metformin use on survival in women with OC.

Several meta-analyses have been previously published to
evaluate the association between metformin and morality in
women with OC [21–24]. However, results of these meta-
analyses remain inconsistent, and the influence of metfor-
min on mortality in women OC is still not determined. Our
updated meta-analysis has the following strengths compared
to the previous ones [21–24]. First, only studies with mul-
tivariate analysis were included, aiming to provide an in-
dependent association between metformin use and reduced
mortality in womenwith OC. Second, only studies published
as full-text article in peer-reviewed journals were included,
which may avoid the potential bias by including conference
abstracts that may not strictly peer reviewed. *ird, updated
literature search was performed, and 10 datasets from 9
studies including 10030 women with OC were included.
Finally, this relatively large sample size of available datasets
enabled us to perform multiple predefined subgroup ana-
lyses, which were rarely performed in previous meta-ana-
lyses. Taken together, results of our meta-analysis supported
that metformin use may be associated with reduced mor-
tality in women with OC. Accumulating evidence from basic
research studies showed various mechanisms underlying the
potential anticancer efficacy of metformin in OC, such as
modulating the immunological and/or anti-inflammatory
responses, reducing proliferation of cancers, limiting the
cancer cell’s metabolic plasticity, inhibiting cancer cell
migration, reversing chemoresistance, and avoiding

epithelial mesenchymal transition [31], which are consistent
with the findings of the meta-analysis which showed ad-
ditional benefits of metformin on survival in women with
OC. *ese findings highlight the importance of performing
clinical trials to evaluate the influence of metformin on
survival in women with OC.

Interpretation of the results of subgroup analysis may be
important for designing clinical trials evaluating the influ-
ence of metformin use on survival in women with OC. For
example, previous meta-analyses mostly simply compared
the mortality in users and nonusers of metformin with OC,
regardless of the diabetic status of the women in the control
group [21–24]. However, the diabetic status of the women in
the control group may affect the findings since diabetes itself
has been recognized as a risk factor for worse survival in
women with OC [32]. Our subgroup analysis showed that
users of metformin had reduced mortality compared to
nondiabetic controls and compared to diabetic controls that
did not use metformin, which further confirmed the benefits
of metformin on survival in women with OC. In addition,
obesity has been related with increased risk of mortality in
women with OC [33, 34], while metformin use has been
associated with reduced BMI [35]. *erefore, it should be
determined whether the benefits of metformin on survival in
OC are dependent on the role of metformin for reducing
BMI. Our subgroup results showed a consistent association
between metformin and reduced mortality in women with
OC in studies with or without adjustment of BMI. *ese
findings are consistent with the findings of experimental
studies which suggested various mechanisms underlying the
potential anticancer efficacy of metformin [36, 37]. Also,
patients using metformin are also likely to have multiple
metabolic comorbidities which require other concurrent
medications, such as aspirin and statins. However, using
these medications has been also associated with reduced
mortality in women with OC [38, 39]. *erefore, it is im-
portant to determine that the benefit of metformin on
survival in women with OC is independent of the possible
influences of concurrent medications. *is is again sup-
ported by the results of our subgroup analysis which showed
a consistent association between metformin and reduced

Study or Subgroup

Currie 2012

Kumar 2013
Shah 2014

Wang 2017a
Wang 2017b
Urpilainen 2018
Gonzalez 2020

Total (95% CI)
Heterogeneity: Tau2 = 0.10; Chi2 = 23.93, df = 9 (P = 0.004); I2 = 62%
Test for overall effect: Z = 2.51 (P = 0.01)

Garcia 2017
Bar 2016

Romero 2012
–0.73396918

–0.99425227
0.1257512

–0.84397007
–0.09431068

0.13976194
–0.69314718

–0.12783337
–0.24846136

–0.54472718
10.2%

8.1%
14.3%

9.9%
10.1%
11.7%

7.4%

100.0%

14.6%
8.2%

5.5%
0.48 [0.28, 0.81]

0.37 [0.19, 0.73]
1.13 [0.84, 1.53]

0.43 [0.25, 0.74]
0.91 [0.53, 1.56]
1.15 [0.74, 1.79]
0.50 [0.24, 1.04]

0.72 [0.55, 0.93]

0.1 0.2 0.5 1 2 5 10

0.88 [0.66, 1.17]
0.78 [0.40, 1.52]

0.58 [0.23, 1.46]
0.26951874

0.34452223
0.15376816

0.28025824
0.27352692
0.22533692
0.37406558

0.14605081
0.3405615

0.47145725

log[Hazard Ratio] SE Weight
Hazard Ratio

IV, Random, 95% CI
Hazard Ratio

IV, Random, 95% CI

Figure 2: Forest plots for the overall meta-analysis of the association between metformin use and all-cause mortality in women with OC.
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Figure 3: Forest plots for the subgroup analysis of the association between metformin use and all-cause mortality in women with OC.
(a) Subgroup analysis according to the diabetic status of the women in the control group. (b) Subgroup analysis according to the timing of
metformin use.
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mortality in women with OC in studies with or without
adjustment of using concurrent medications.

*is study also has limitations. First, all of the included
studies in the meta-analysis were retrospective studies, results
of which may be affected by selection bias. Prospective
studies, with adequate sample size and consecutively included

women with OC, are needed to confirm our findings. Besides,
clinical trials evaluating the possible survival benefit of
metformin use in women with confirmed diagnosis of OC
should also be considered. Moreover, this meta-analysis was
based on data of the study level but not from individual
patients, which prevented further analyses on the influence of
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Figure 4: Forest plots for the subgroup analysis of the association between metformin use and all-cause mortality in women with OC.
(a) Subgroup analysis according to the adjustment of BMI in the multivariate model. (b) Subgroup analysis according to the adjustment of
concurrent medications in the multivariate model.
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patient characteristics on the outcome, such as duration of
diabetes, status of glycemic control, and pathological type of
OC. Besides, although multivariate adjusted HR was used, we
could not exclude the possibility of residual factors whichmay
confound the association between metformin use and re-
duced mortality. Also, including only studies reporting ad-
justed association estimates may lead to the results less
affected by confounding compared to those based also on
crude estimates, while including only studies with multi-
variate analysis may also lead to a selection of only high-
quality studies and a subsequent risk of publication bias.
However, no significant bias was detected in the visual ex-
amination of the funnel plots or according to the result of
Egger’s regression test. In addition, two datasets of cohorts
that shared the same control groupwere included in themeta-
analysis (Wang 2017a andWang 2017b), whichmay influence
the variability of the pooled estimates. However, sensitivity
analysis by excluding the dataset of Wang 2017a or Wang
2017b also showed consistent result. Finally, a dose-response
relationship or a causative association between metformin
and reduced mortality in women with OC could not be
determined based ourmeta-analysis. Large-scale clinical trials
are needed for further evaluation.

In conclusion, this meta-analysis showed that current
evidence from retrospective studies supports that metformin
use is associated with reduced risk of mortality in women
with OC.*e association may be independent of the diabetic
status of the women in the control group and BMI and
concurrent medications of the patients. Clinical trials are
needed to validate the potential benefits of additional
metformin use on survival in women with OC.
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