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Highlights
e we performed the first meta-analysis to examine the effect of metformin on
mortality in endometrial cancer.
e Metformin use is associated with a significant reduction in overall mortality.
e The findings suggest that good glycemic control may improve survival in
endometrial cancer.

e Larger observational studies are needed to confirm this finding.

Systematic review and meta-analysis of the effect of metformin treatment
on overall mortality rates in women with endometrial cancer and type 2
diabetes mellitus

Faustino R. Perez-Lopez® " Vinay Pasupuletib’ * Ximena Gianuzzi®, Gabriela

Palma-Ardiles‘, Wendy Hernandez-Fernandez‘, and Adrian V. Hernandez®*

"Department of Obstetrics and Gynecology, University of Zaragoza Faculty of Medicine
and Lozano Blesa University Hospital, Domingo Miral s/n, Zaragoza 50009, Spain

®ProEd Communications Inc., Cleveland, Ohio, 44122, USA.

School of Medicine, Universidad Peruana de Ciencias Aplicadas (UPC), Lima 9, Peru.
University of Connecticut/Hartford Hospital Evidence-based Practice Center, 80 Seymour
St, Hartford, CT 06102, USA.

* Contributed equally to the study.

Page 1 of 26



* Corresponding author: Adrian V. Hernandez, MD, PhD, University of
Connecticut/Hartford Hospital Evidence-based Practice Center, 80 Seymour St, Hartford,

CT 06102, USA; +1-860-972-4468; adrianhernandezdiaz@gmail.com

Page 2 of 26



Abstract

Background: Obesity, insulin resistance and type 2 diabetes mellitus (T2DM) have been
associated with endometrial cancer (EC). In this systematic review and meta-analysis we
evaluated the effect of metformin on clinical outcomes in patients with EC and insulin
resistance or T2DM.

Methods: Four research databases were searched for original articles published in all
languages up to 30 October 2016. Outcomes of interest were overall mortality (OM),
cancer-specific mortality, disease progression, and metastases. We performed a random
effect meta-analysis of adjusted effects expressed as hazard ratios (HR); heterogeneity
among studies was described with the /* statistic.

Results: Of the 290 retrieved citations, 6 retrospective cohort studies in women with EC
(n=4,723) met the inclusion criteria, and 8.9% to 23.8% were treated with metformin; OM
data was available from 5 studies. In 4 studies of EC patients (n=4,132), metformin use was
associated with a significant reduction in OM in comparison with not using metformin
(adjusted HR [aHR] 0.64, 95% CI 0.45-0.89, p=0.009). In three studies evaluating patients
with EC and T2DM (n=2,637), metformin use was associated with a significant reduction
in OM (aHR 0.50, 95%CI 0.34-0.74, p=0.0006). There was low to moderate heterogeneity
of adjusted effects across studies. There was no information about the effect of metformin
on cancer-specific mortality, disease progression, or metastases.

Conclusions: Metformin treatment is associated with a significant reduction in OM
irrespective of diabetes status in patients with EC. The survival benefit suggests that
diabetes screening and maintenance of good glycemic control may improve outcomes in
EC.

Keywords: Endometrial cancer; Metformin; Type 2 diabetes mellitus; Overall mortality.
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1. Introduction

Endometrial cancer (EC) is the most common female malignant genital neoplasia in
developed countries, and the fourth most common female malignancy overall. It is
considered a hormone-dependent cancer, and peak incidence is in women between 50 and
70 years. During the menstrual cycle, estrogen has been postulated to create a pro-
carcinogenic environment during the menstrual cycle; pregnancies interrupt such
endometrial stimulus.! Obese postmenopausal women with endometrioid EC have higher
levels of estrogens and related metabolites, increased prevalence of type 2 diabetes mellitus
(T2DM) and hyperinsulinemia than women without EC.>* Excessive body weight may
contribute to the development of EC since fatty tissue produces large amounts of estrogen.
In addition, obesity, T2DM, hyperinsulinemia and insulin resistance have been associated
with endometrial carcinogenesis and increased mortality.>*"!

The biguanide metformin is the first-line treatment for individuals with T2DM. Metformin
is known to modulate molecular pathways implicated in several cancers and because of
these antitumor properties, metformin may have a role in cancer prevention and

12,13
treatment. ~

In subjects with T2DM, metformin treatment is associated with reduced risk
for cancer development in observational studies, although this finding has not been
supported by randomized controlled trials.® In patients with EC, short-term preoperative
metformin therapy significantly reduces DNA synthesis, insulin, glucose, insulin-growth
factor 1 (IGF-1) and other insulin resistance-related markers.'*'*Although, metformin as a
cancer therapeutic has generated great interest, metformin effects on stabilizing metabolic
status and thereby reducing EC mortality remains controversial.>'®!”

The possibility of prevention of EC recurrence after primary treatment is crucial in long-

term patient management. The aim of the current systematic review and meta-analysis was
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to determine the effect of metformin treatment on overall mortality, cancer-specific

mortality, disease progression, and metastases.

2. Methods

2.1. Data sources and searches

A comprehensive literature search was performed using PubMed-Medline, Embase, Web
of Science and Scopus from database inception through 30™ October 2016. Database
searches were performed independently by two authors (VP and FRPL). The PubMed
search strategy is available in the Supplement.

The following pre-determined inclusion criteria were used: (i) cohort studies evaluating the
effect of metformin treatment in women with EC, (ii) study population of patients >18
years, and (ii1) study in any language. Our exclusion criteria were: (i) no control group and
(i1) data for metformin use and outcomes of interest were not available or could not be

extracted for each of the metformin and non-metformin groups.

2.2. Study selection, data extraction, and risk of bias assessment

A list of retrieved articles was reviewed independently by two sets of investigators
(Zaragoza and Lima) to choose potentially relevant articles, and disagreements on
inclusion/exclusion were discussed and resolved by consensus. Two sets of reviewers
(Zaragoza and Lima) independently extracted data from included studies. The following
information was extracted: mean age, body mass index, EC histology, and endometrial
cancer-related outcomes (duration of follow up, overall mortality, cancer-specific
mortality, disease progression, metastases), whenever available. Both unadjusted and

adjusted effects evaluating the association between metformin vs non-metformin and the
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clinical outcomes and expressed as hazard ratios (HR) were extracted per study. Also, the
variables used to adjust the effects were extracted. One author (VP) reviewed the
extractions for inconsistencies, and two authors (VP, FRPL) reached consensus.

The Newcastle Ottawa Scale (NOS) for cohort studies was used to evaluate risk of bias;'®
this assessment was done independently by two investigators (VP, FRPL). The NOS
evaluates nine items of selection of exposure and non-exposure groups, comparability of
exposure and non-exposure groups, and outcome evaluation with a maximum number of 9
stars (i.e. one per item). A total of 7 or more stars implies that the study has low risk of

bias.

2.3. Data analysis

Our systematic review and meta-analysis follow the recommendations of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement.”” As we
expected some degree of heterogeneity across studies, the DerSimonian and Laird random
effects models and inverse variance method were used for all meta-analyses.”® Associations
between metformin use and dichotomous clinical outcomes were expressed as HRs and
their 95% confidence intervals (CI). Our primary analyses used adjusted HRs per study.
We evaluated statistical heterogeneity using the Cochran chi-square, the /* statistic, and the

2122 P values of 30-60% represented a

between-study variance using the tau-square (Tau?).
moderate level of heterogeneity. A p value <0.1 for the chi-square was defined as
indicating the presence of heterogeneity; a Tau®>1 suggests the presence of substantial
statistical heterogeneity. Publication bias was explored with the funnel plot and tested with

the Egger test of funnel plot asymmetry.”> We performed pre-specified subgroup analyses

of effects on T2DM patients only. A sensitivity analyses combining unadjusted HRs was
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performed. We used Review Manager (RevMan 5.3, Nordic Cochrane Centre) for

statistical analyses.**

3. Results

3.1. Study selection

Our search identified 437 publications (Fig. 1). After removing duplicates, 290 articles
were screened by study title/abstract for relevance to study topic and inclusion/exclusion
criteria. Thirteen articles were retrieved for full-text analysis (Fig. 1). Six studies (n=4,704
women with EC) reported overall mortality women with EC and were available for

qualitative synthesis.”>"

Finally, 5 studies (n=4,239 women with EC) reported effects on
overall mortality comparing metformin use and non-metformin use groups and were

included in the quantitative synthesis.zs'29 Other pre-specified outcomes (cancer-specific

mortality, disease progression, and metastases) were not reported in evaluated studies.

3.2. Characteristics of included studies
Table 1 summarizes the main characteristics of the included studies. The 6 articles
(n=4,723) included in the qualitative analysis were retrospective cohort studies. Four

25,26,28,29 . 27 . .30
2<% one in Poland,”’ and one in Austria.

studies were conducted in the United States,
Sample size in these studies ranged from 107 to 1,495 EC cases identified by clinical
records. Four studies enrolled EC patients classified as International Federation of

25,26,2
2262830 5ne study enrolled

Obstetrics and Gynecology (FIGO) clinical stages I to IV,
patients with FIGO clinical stages I to I, while the sixth study enrolled patients with
FIGO clinical stages III-IV or recurrent EC.*

The mean age (standard deviation [SD]) ranged from 63.6 (4.1)* and 64.6

(11.5).*-Overall follow-up ranged from a median of 2.8 years>® to a mean of about 9.3
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years.”’ Mean body mass index (BMI) were >30 kg/m?in majority of the studies. EC

patients treated with metformin ranged from 8.9% to 23.8% in the six cohorts (Table 1).

3.3. Risk of bias assessment

Using the Newcastle-Ottawa Scale (NOS), all 5 studies included in the meta-analysis were
identified as having low risk of bias (Table 2). All but one studyz7 identified important
confounders or prognostic factors and were used for adjustment of the association between
metformin use and outcomes in EC. There was considerable variation in the selection of
confounding variables for adjustment although four studies”****?° had at the least adjusted

for age and cancer stage.

3.4. Meta-analyses of overall mortality

In four studies evaluating EC patients and with available adjusted effects (n=4,132),
metformin use was associated with a significant reduction in overall mortality in
comparison with not using metformin (adjusted HR [aHR] 0.64, 95%CI 0.45 to 0.89,
p=0.009) (Fig. 2). In three studies only evaluating EC patients with T2DM and with
available adjusted effects (n=2,637), metformin was also associated with a reduction in
overall mortality (aHR 0.50, 95%CI 0.34 to 0.74, p=0.0006) (Fig. 3). There was low to
moderate heterogeneity of adjusted effects across studies for all analyses. Unadjusted
effects from 3 studies (n=1,441) were also meta-analyzed, but metformin was not
associated with lower mortality vs not using metformin (unadjusted HR 0.82, 95%CI 0.61-

1.09, p=0.17) (Fig. 4).

4. Discussion

Page 8 of 26



Our meta-analysis showed that metformin significantly reduced overall mortality in
patients with EC in a wide range of FIGO clinical stages compared to those not treated with
metformin. In addition, there was also a reduced overall mortality associated with
metformin treatment when only EC patients with T2DM were evaluated. There was low to
moderate heterogeneity of effects among evaluated studies.

Previous studies and meta-analyses have demonstrated that long term exposure to
metformin (but not sulfonylurea) reduces the risk of colorectal and non-small cell lung

31,32

cancer in patients with T2DM. In contrast, metformin use did not have a significant

effect on the incidence of endocrine-dependent cancers such as breast or prostate
cancer.®**° However, some of these observations have been limited by inadequate follow-
up of patients in these studies and lack of confirmation from randomized controlled
trials.’**” On the other hand, metformin use may substantially improve cancer survival,
whilst insulin exposure is associated to increases in other-than-cancer mortality. For these
reasons metformin has been recommended as first-line treatment in T2DM patients with
cancer.”®

EC risk factors including postmenopausal age, obesity, hypertension and impaired glucose
tolerance, are associated with hyperinsulinemia and insulin resistance. Hence, circulating
insulin and C-peptide levels and the HOMA-IR values are higher in women with EC.* The
relationship between insulin resistance, DM and EC seems to be causal as has been shown
by Mendelian randomization studies.”” In vitro studies have demonstrated that metformin
inhibits insulin action, reduces migration capacity of endometrial epithelial cells without
reduction of proliferation, and the effect may be globally considered as an anti-metastatic

effect in conditions of high as well as normal glucose levels.*” Metformin also induces

apoptosis on endometrial cancer cells,” and antidiabetic doses of metformin produces
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hypermethylation of tumor-promoting pathway genes and inhibition of cell proliferation in
both normal and cancer cells.*

In our systematic review and meta-analysis, available studies were heterogeneous with
respect to studied populations which included EC patients in FIGO stages I to IV and
recurrent cases. In general, one may consider that early stages of the disease (stages I and
II) have high rates of curation with surgery and the mortality risk is very low and and thus
can be challenging to detect a benefit for metformin treatment. The available studies did
not allow to assess the effect of metformin according to clinical stages, duration of
metformin of treatment, and years of evolution of T2DM. A second source of heterogeneity
may be therapeutic approaches which may differ from one institution to another; in
addition, clinical practice for management of the EC and guidelines include a wide variety
of treatment options and follow-up recommendations in stages III, IV and recurrences.
Although only few observational studies have studied the relationship between metformin
use and EC mortality, our meta-analysis findings demonstrate a clear association between
them.

EC is a prevalent disease among postmenopausal women and in those with either excessive
weight or BMI > 30 kg/m*. Most of included studies in the current review reported an
average BMI of more than 30 kg/m” in patients with EC. This profile of women is also
overlapping with those suffering with T2DM. Furthermore, in the current meta-analysis
postmenopausal women with T2DM and EC had a larger mortality risk reduction with
metformin in comparison to those diabetics without metformin. Further well-designed,
large studies can vastly improve our understanding on how best to utilize metformin in the
management of patients with EC. Future research should report information on duration of

T2DM and metformin treatment and dosages, analyze patients by FIGO clinical stages and

histological types (type I endometrioid EC versus type II non-endometrioid EC), provide
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details about surgical and other complementary treatments and have longer follow-up
times.

Our study has several limitations. First, the observational nature of cohort studies cannot
exclude that the effect of metformin on mortality may be associated to other patient
characteristics. Second, we expected substantial heterogeneity of study characteristics
among studies such as EC stage, duration of metformin use, or metformin dose; to
accommodate this methodological heterogeneity we used random effects models. Third,
variability of effects across studies (i.e. statistical heterogeneity) was expected; however,
we found a low to moderate heterogeneity of effects. Fourth, the number of studies was
low, and we could not evaluate the probability of publication bias. Finally, the set of
variables used to adjust effects was different among studies.

In conclusion, this systematic review and meta-analysis demonstrated that metformin
treatment reduced overall mortality in postmenopausal women with EC. Large
observational studies are necessary to further elucidate the protective effects of metformin

in this population.
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Figure legends

Figure 1: Flow chart of the study selection process for eligible studies

Figure 2: Forest plot showing overall mortality risk (after adjustment) with metformin use

in patients with endometrial cancer.

Figure 3: Forest plot showing overall mortality risk (after adjustment) with metformin use

in patients with endometrial cancer and diabetes mellitus.

Figure 4: Forest plot showing overall mortality risk (before adjustment) with metformin use

in patients with endometrial cancer.
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Table 1 Basic characteristics of included studies

First
author,
year
published

Nevadunsky
NS, 2013

Ko EM,
2014

Lemanska
A, 2014

Al Hilli
MM, 2016

Ezewuiro
0, 2016

Seebacher
V, 2016

Study
location

c

S.

U.S.

Poland

U.S.

U.S.

Austria

Study
population,
FIGO
stages

Stages I-IV
EC

Stage I-IV
EC

Stage I-111
EC

Stage I-IV
EC

Stage III-IV
or recurrent
EC

Stages I-IV
EC

Sample
size

985

1,495

107

1,303

349

465

Histology, n (%)

Endometrioid 593
(60.2)

Non-endometrioid
392 (39.8)

Histology 363
diabetic women:
endometrioid 280;
non-endometrioid
83

Histology 96:
Endometrioid 71,
non endometrioid

25

Histology
available in 1,058:
details NA

140 endometrioid
or
adenocarcinoma
NOS; other types
209

Endometrioid 421
(90.5)

Non-endometrioid
44 (9.5)

EC + DM
cases
treated
with
metformin,
%

11.6

13.3%

23.8

8.9

8.9

9.9

Age, Mean
(SD)

63.9 (11.4)

63.6 (4.1)

64.3, range 40-
91

64.6 (11.5)

64 (11)

65.3%

BMI,
Mean
(SD)

323
(8.3)

37.7
(3.3)

32.8

334
9.4)

314
9.2)

29.0%*

Overall duration
of follow-up,
median [IQR]

3.3 years [1.6-6.3]
years

33 months

9.3 years

4.3 [2.7-6.9] years
for diabetic
patients, and 5.2
[3.2-7.8] years for
nondiabetic
patients.

37.0 [0.6-168.7]
months

51 months

Primary
analysis:
metformin use
VS$ no
metformin use
& HRs with
adjustment

yes

yes

no

yes

yes

no

*median; EC = endometrial cancer; DM = diabetes mellitus; SD = standard deviation; HR = hazard ratio; NOS = not otherwise specified; NA = not available

Secondary
analysis: diabetic
with metformin use
vs diabetic with no
metformin use &
HRs with
adjustment

yes

no

no

yes

yes

no

Sensitivity
analysis: same
as primary
analysis with
HRs without
adjustment

yes

no

yes

no

yes

no

Sensitivity
analysis: same
as secondary
analysis with
HRs without
adjustment

no

no

no

no

yes

no

#34% of metformin users were also using sulfonylureas, 18% thiazolidinediones, 15% insulin, and 7% other anti-diabetic agents. Nearly one-third (29%) of non-metformin user diabetics used insulin based regimens.
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Table 2 Newcastle-Ottawa Scale for risk of bias assessment

Selection criteria

Comparability criteria

Outcome criteria

First author, year Representativeness | Selection of the

. Ascertainment
published of the Exposed Non-Exposed
of Exposure
Cohort Cohort

Nevadunsky NS, % * *

2013

Ko EM, 2014 * * *
Lemanska A, 2014 * * *
ALHilli MM, 2016 * * *
Ezewuiro O, 2016 * * *

Demonstration That
Comparability of Cohorts
Outcome of Interest
on the Basis of the Design
Was Not Present at
or Analysis

Start of Study
* *age) | *(stage)
* * (age) >l‘( stage)
* - -
* *age) | *(stage)
* *age) | *(stage)
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Assessment

of Outcome

Was Follow-Up
Long Enough for

Outcomes to Occur

Adequacy
of Follow
Up of
Cohorts

Number

of stars



Hazard Ratio Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Ezewuiro 2016 -0.4005 0.2383 38.6% 0.67 [0.42, 1.07] —l
Lemanska 2015 0.077 0.4355 11.6% 1.08 [0.46, 2.54] - r
Nevadunsky 2013 -0.1165 0.2097 49.8% 0.89[0.59, 1.34]

Total (95% CI) 100.0% 0.82 [0.61, 1.09]

Heterogeneity: Tau? = 0.00; Chi? = 1.27, df = 2 (P = 0.53); I> = 0% =

0.01 0.1 1 10 100
Test for overall effect: Z = 1.38 (P = 0.17) Favours Metformin Favours No metformin
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Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI

Hazard Ratio
IV, Random, 95% CI

All Hilli 2016 -0.4943 0.3621 31.3%
Ezewuiro 2016 -0.8675 0.3072 43.5%
Nevadunsky 2013 -0.6349 0.4042 25.1%
Total (95% Cl) 100.0%

Heterogeneity: Tau? = 0.00; Chiz = 0.64, df =2 (P = 0.72); I? = 0%
Test for overall effect: Z = 3.41 (P = 0.0006)

0.61[0.30, 1.24]
0.42 [0.23, 0.77]
0.53 [0.24, 1.17]

0.50 [0.34, 0.74]

—

_._

—

<>

0.01

01

1

10 100

Favours Metformin Favours No metformin

Page 24 of 26



Hazard Ratio

Hazard Ratio

Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
All Hilli 2016 0.0296 0.3019 22.9% 1.03[0.57, 1.86]

Ezewuiro 2016 -0.4308 0.2351 31.7% 0.65[0.41, 1.03]

Ko 2013 -0.844 0.2975 23.4% 0.43[0.24, 0.77] —
Nevadunsky 2013 -0.5621 0.3108 22.0% 0.57 [0.31, 1.05]

Total (95% CI) 100.0% 0.64 [0.45, 0.89] ‘

Heterogeneity: Tau? = 0.04; Chiz = 4.41, df = 3 (P = 0.22); I = 32%

Test for overall effect: Z = 2.62 (P = 0.009)

1

10 100
Favours Metformin Favours No metformin
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Eligibility Screening Identification

Included

Records identified through database searching
(Pubmed; Embase; WoS; Cochrane Library; Scopus )

(n =437)

Records after duplicates removed
(n=290)

Records screened

(n=22) I
Full-text articles assessed
for eligibility —>
(n=13)

'

Studies included in
gualitative synthesis
(n=6)

!

Studies included in
guantitative synthesis
(meta-analysis)
(n=5)

Records excluded
(n=268)

Full-text articles excluded,
not relevant data
(n=9)
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