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Effect of metformin on proliferative markers in
women with endometrial carcinoma: Systematic
review and meta-analysis
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Abstract

Objective: Endometrial carcinoma (EC) is the most common gynecologic malignancy in the USA and Western Europe. Surgery is the mainstay of both
staging and treatment of EC. Fertility sparing medical therapies are often offered to young women who desire fertility. Metformin has been suggested to be
an anti-cancer agent as evidenced by previous studies. It decreases Antigen Ki-67 (Ki-67) proliferation and expression which is associated with proliferative
activity of malignant tumors. In this systematic review and meta-analysis, we assessed the efficacy of metformin on patients with EC.

Materials and Methods: We searched PubMed, Cochrane CENTRAL, Web of Science, and SCOPUS for relevant clinical trials and excluded observational
studies. The quality appraisal was evaluated according to GRADE, and we assessed the risk of bias using Cochrane’s risk of bias tool. We conducted the
analysis of continuous data using mean difference (MD). We included the following outcomes: Ki-67 index, glucose, insulin, P-S6, body mass index (BMI),
C-peptide, Insulin-like growth factor (IGF-1), leptin, and hemoglobin.

Results: Nine studies were eligible for our meta-analysis. We found that compared to the control group, metformin is highly effective in reducing Ki-67
proliferation and expression [MD=-10.14 (-19.10, -1.17)], (p=0.03), P-S6 [MD=-1.82 (-3.17, -0.46)], (p=0.009), plasma glucose level [MD=-1.76 (-4.88,
1.37), p=0.27], and BMI [MD=-1.07 (-1.49, -0.65)], (p<0.001).

Conclusion: We conclude that metformin administration is effective in patients with EC. It decreases Ki-67 proliferation and expression, serum glucose,
and p-S6 significantly.
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Oz

Amac: Endometriyal karsinom (EK), ABD ve Bati Avrupa’da en sik gorulen jinekolojik malignitedir. EK'nin hem evrelemesinin hem de tedavisinin
temeli cerrahidir. Dogurganligi koruyucu tibbi tedaviler genellikle dogurganlik isteyen gen¢ kadinlara sunulur. Metforminin, 6nceki calismalardan elde
edilen kanitlara gore bir anti-kanser ajani oldugu 6ne strtilmektedir. Metformin malign tamorlerin proliferatif aktivitesi ile iliskili Antijen Ki-67 (Ki-67)
proliferasyonunu ve ekspresyonunu azaltir. Bu sistematik derleme ve meta-analizde, metforminin EK'li hastalardaki etkinligini degerlendirmeyi amacladik.

Gerec ve Yontemler: Ilgili klinik arastirmalar icin PubMed, Cochrane CENTRAL, Web of Science ve SCOPUS'yi taradik ve gozlemsel calismalar haric
tuttuk. Kalite degerlendirmesi GRADEye gore degerlendirildi ve biz de Cochrane’nin yanhlik riski aracini kullanarak yanhlik riskini degerlendirdik.
Ortalama farki (MD) kullanarak stirekli verilerin analizini gerceklestirdik. Su sonugclart dahil ettik: Ki-67 indeksi, glukoz, insulin, P-S6, vucut kitle indeksi
(VKI), C-peptid, instlin benzeri buytime faktort (IGF-1), leptin ve hemoglobin.

PRECIS: Metformin is effective in patients with endometrial carcinoma. It significantly decreases Ki-67 proliferation and expression, serum
glucose, and p-S6.
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Bulgular: Dokuz calisma meta-analizimiz i¢in uygun bulundu. Kontrol grubu ile karsilastinldiginda metforminin Ki-67 proliferasyonunu ve ekspresyonunu
[MD=-10,14 (-19,10, -1,17)], (p=0,03), P-S6 [MD=-1,82 (-3,17, -0,46), (p=0,009), plazma glukoz duzeyini [MD=-1,76 (-4,88, 1,37), p=0,27] ve VKI'yi
[MD=-1,07 (-1,49, -0,65)], (p<0,001) azaltmada oldukca etkili oldugunu bulduk.

Sonuc: EKli hastalarda metformin uygulamasinin etkili oldugu sonucuna varilmustir. Metformin Ki-67 proliferasyonunu ve ekspresyonunu, serum

glukozunu ve p-S6’y1 onemli lctide azaltmaktadir.

Anahtar Kelimeler: Metformin, glukofaj, dimetilbiguanid, endometriyal karsinom, meta-analiz

Introduction

Endometrial carcinoma (EC) is the most common gynecologic
malignancy in the USA and Western Europe”. The main
symptoms of EC are dysfunctional uterine bleeding and
infertility®. EC is divided into two major types. Type I, known
as estrogen-dependent or endometrioid, is the more common
type. It is associated with unopposed hyperestrogenemia and
is often preceded by endometrial hyperplasia. Moreover, type
II, known as estrogen-independent or non-endometroid,
has a poorer prognosis and less differentiation than type 1°.
Many factors increase the risk for developing both low-grade
and high-grade EC, including obesity, diabetes especially type
II (which is associated with insulin resistance), menstrual
irregularity, anovulation, and infertility”. Fortunately, most
women are usually diagnosed at an early stage in which the
disease is limited to the uterine corpus. Therefore, about 75%
of women survive for 5 years®®.

Treatment options for EC vary depending on the stage and
grade of the disease. Surgery is the mainstay of both staging
and treatment of EC. Surgery includes hysterectomy, bilateral
salpingo-oophorectomy, and lymph node assessment”.
Fertility sparing medical therapies are often offered to young
women who desire fertility. The standard conservative medical
treatment of EC is high-dose oral progestin such as megestrol
acetate or medroxyprogesterone acetate®. However, women
experience many side effects, including liver damage, weight
gain, thrombosis, and progesterone resistance, which limits the
usage of this drug®.

Metformin is the first-line medication for treating type 2
diabetes mellitus"?. It has been suggested to be an anticancer
agent"V. Previous studies reported the anti-carcinogenic
properties of metformin on gastric cancer, medullary thyroid
carcinoma, pancreatic cancer, and EC"%'Y. A recent study
revealed that metformin and progestins have a synergistic effect
on the inhibition of proliferation of EC cells""?. Metformin also
affects Adenosine monophosphate-activated protein kinase
(AMPK)-independent pathways responsible for tumor growth
and cell proliferation. Therefore, it decreases Antigen Ki-67
(Ki-67) proliferation and expression>'?. Expression of Ki-67
is associated with proliferative activity of malignant tumors, so
it has been used as a marker for tumor aggressiveness!'’1,
There are no sufficient data from previous trials regarding the
effect of metformin on endometrial neoplasms. Therefore, we
performed this systematic review and meta-analysis to estimate
the effect of metformin on the proliferation and expression of
tumor cells and the change of tumor markers in cases of EC.
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Materials and Methods

In this meta-analysis, We followed the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA)"”
guidelines and conducted every step in this study according
to the Cochrane Handbook for Systematic Reviews of
Interventions®?. The ethics statement is not applicable because
this study is based exclusively on published literature.

Literature Search

We searched four databases: Web of Science, SCOPUS, Cochrane
CENTRAL, and PubMed, from inception until October 2020.
We followed this search strategy with no restriction on time or
languages: (metformin OR glucophage OR dimethylbiguanide
OR dimethylguanylguanidine) AND (endometrial cancer OR
EC OR endometrial hyperplasia OR endometrial proliferation
OR endometrial thickness).

Eligibility Criteria

We included studies according to these eligibility criteria: (I)
Population: Patients with EC or endometrial hyperplasia with
atypia, (ii) Intervention: Metformin regardless of the dose
and mode of administration, (iii) Comparator: Placebo or no
treatment, (IV) Outcomes: Ki-67 proliferation and expression
index as a primary outcome. The secondary outcomes were
plasma glucose level, body mass index (BMI), p-S6, insulin,
C-peptide, insulin growth factor (IGF-1), Leptin, p-AKT,
p-4EBP1, hemoglobin. (v) Study design: We included only
randomized clinical trials (RCTs). Our exclusion criteria were
(1) non-randomized controlled clinical trials, (2) studies that
did not report data or measures for our selected outcomes (3)
single-armed trials, or (4) that with no available full-text.

Screening of Results

After retrieving the search results, we exported the data into
EndNote X8.0.1 (Build 1044), with the automatic removal of
any duplicates. We screened the included articles through two
steps, the first step was the title and abstract screening, and
the second was full-text screening. Two independent authors
performed the screening steps and obtained the full-text files
for all included studies based on our criteria for eligibility
criteria. A third author solved any deflection.

Data Extraction and Analysis

After the screening process, we performed the data extraction
step. We extracted the data into three main categories: 1)
baseline and demographic data of patients in each study,
including age, BMI, myometrium invasion, and menopausal
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state. 2) Data about Fédération Internationale de Gynécologie
et d'Obstétrique (FIGO) staging and tumor grades, and 3) Data
for analysis including outcome values of Ki-67 proliferation and
expression index, glucose level, BMI, p-S6, insulin, c-peptide,
IGF-1, Leptin, p-AKT, p-4EBP1, hemoglobin. In addition to the
previous three categories, we extracted the data about the seven
domains assessing the risk of bias according to Cochrane’s risk
of bias.

Statistical Analysis

We performed our analysis using Review Manager Software
(RevMan 5.4.1) under the Inverse variance method. Continuous
data were expressed using mean difference (MD) and standard
error, relative to 95% confidence interval (CI), while dichotomous
outcomes were expressed using percentage and total. Two main
tests indicate inconsistency among studies®?, the I-square test
(I*) and the p-value of the chi-square test. The outcomes with
12>50%, p<0.1 were considered heterogeneous, while outcomes
with 12<50%, p>0.1 were considered homogeneous, according
to the Cochrane Handbook. Homogenous data were analyzed
using a fixed-effects model, while heterogeneous outcomes
were analyzed using the random-effects model.

Quality Assessment

Quality assessment of this meta-analysis was performed using
the guidelines of the Grading of Recommendations, Assessment,
Development, and Evaluations (GRADE). We included only the
controlled trials and excluded the observational evidence. We
used Cochrane’s risk of bias tool to perform the risk of bias
assessment for the included studies®”. The tool depends on
the following domains for the assessment of the risk of bias: 1)
proper randomization, 2) blinding allocation of the included
patients into each group, 3) blinding of patients only (single-
blinding), blinding of both personnel and participants (double-
blinding), or not blinding at all, 4) attrition bias, 5) selection
bias (outcomes reported matches with that of the protocol or
not), 6) awareness of the outcome assessor (whether blinded or
not), 7) other bias. The total risk of bias for the studies has been
assessed as well.

Results

Summary of Included Studies

Figure 1 shows a PRISMA flow diagram of our literature search.
In our study, we performed an analysis of 397 patients from
nine studies®*>Y. A total of 221 patients were allocated to
receive metformin, and 176 patients entered the control group.
The mean age of the percipient in the treatment group was
56.4+8.8 years, while that of the control group was 60+7.5.
The mean BMI of the patients in the metformin group was
34.14+6.1, while that of the control group was 32.84+9.7.
Table 1 shows a detailed summary of the included participants,
their demographic data, and the menopausal state. Additionally,
Table 2 illustrates the FIGO staging and Tumor grade.

Results of Risk of Bias Assessment

The result of the risk of bias assessments yielded an overall
low risk of bias, according to Cochrane’s tool®?; Figure
2 summerizes the quality assessment of included studies.
Regarding randomization, all studies were at low risk of
randomization, except Sivalingam et al.*¥, and Mitsuhashi
et al.®” were non-randomized trials. As for the allocation
three §232729  reported  adequate
allocation concealment; therefore, there were put to a low

concealment, studie
risk of bias. Five studies?*2¢2%3) did not report enough data
about allocation concealment, thus put to an unclear risk of
bias. One study reported no allocation concealment. Most
included studies?>##2627:2939 were blinded, and only three
studies®>?#3V did not report enough data about blinding of
the participants and personnel, thus put to an unclear risk of
bias. Six studies***#26272930 were at low risk of blinding of
outcome assessment. Zhao et al.®? and Pabona et al.*® did not
report enough data about blinding of outcome assessment.
The remaining domains of the Cochrane tool were all at low
risk of bias, except two studies: Zhao et al.®" did not report
enough evidence aonthe attrition bias domain, and Tehranian
et al.?? did not report enough evidence on the reporting bias

domain.
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Figure 1. Shows a PRISMA flow diagram of our literature search

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
37
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Analysis of Outcomes

1-Ki-67 index:

Ki-67 index was reported by six studies**20283D The overall
mean difference favored the metformin group over the control
group [MD=-10.14 (-19.10, -1.17)], (p=0.03). Pooled analysis
was heterogeneous (p<0.001); 1°=89% as shown in Figure
3A.We solved the heterogeneity by the exclusion of Pabona et
al.%® (p=0.53); 1°’=0%. The pooled analysis after the exclusion
also favored the metformin group significantly [MD=-11.82
(-15.22, -8.42)], (p=0.01). Figure 3B illustrates the analysis
after the exclusion of one study.

2-P-AKT:

Two studies®**? reported P-AKT. There was no significant
difference between both groups [MD=0.40 (-1.32, 2.13)].
Pooled analysis was homogenous (p=0.97); 1°’=0% as shown in
Figure 4.

3- P-S6

Two studies reported p-S6 outcome*?®. P-S6 was significantly
decreased in the metformin group [MD=-1.82 (-3.17, -0.46)],
(p=0.009). Analysis was homogenous (p=0.15); I’)=52% as
shown in Figure 5.

4-P-4EBP1

p-4EBP1 was reported in two studies***V. The overall analysis
did not show any variation between both groups [MD=-2.28

Random sequence generation (selection bias) [IIIINIEGEGNNGNENNNNNNNNNNNNNGEGEEGENNN

Allocation concealment (selection bias) _

Blinding of participants and personnel (performance bias) _:’
Blinding of outcome assessment (detection bias) [N T
Incomplete outcome data (attrition bias) _:l

Selective reporting (reporting bias) _:I

(-5.75, 1.20)], (p=0.20). Data were homogeneous (p=0.90);
’=0% as shown in Figure 6.

5-Hemoglobin (g/dL)
Two studies reported hemoglobin outcome®*?. The analysis
did not show any significant difference between both groups

[MD=-0.03 (-0.33, 0.26)], (p=0.82). Data were homogenous,
(p=0.65); I’=0% as shown in Figure 7.

6-Glucose (mg/dL)

Glucose outcome was reported in five studies®*?*27:2%30 The
overall mean difference did not reveal any difference between
both groups [MD=-1.76 (-4.88, 1.37)], p=0.27. Analysis was
heterogeneous (p=0.07); 1°’=54% as shown in Figure 8A. To
solve heterogeneity we excluded Tehranian et al.*? (p=0.75);
’=0%. The total mean difference after solving heterogeneity
also favored metformin group [MD=-0.40 (-0.68, -0.11)],
(p=0.006) as shown in Figure 8B.

7-Insulin (mUI)

Three studies reported insulin outcome®**"3%_ The total analysis
showed increased insulin level in the metformin group than the
control group [MD=1.99 (1.86, 2.12)], (p<0.001), Data were
homogeneous (p=0.40); 1>=0% as shown in Figure 9.

8-BMI

Three studies reported BMI?*#39 The total mean difference
favored BMI significantly [MD=-1.07 (-1.49, -0.65)], (p<0.001).
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Figure 2. Shows both a summary and a graph of the risk of bias of the included studies
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Table 1. Shows a detailed summary of the included participants, their demographic data, and the menopausal state

Myometrial invasion, n (%)

Age, years (mean + SD)/

BMI kg/m? (mean + SD)/

Post-menopausal n

Study ID median (range) median (range) (%) _ >50
_--__- MEM

Kitson et al. 31.0 32.0

201820 64.375+13.525 64.8+11.35 (202-542) (17.8-47.6) (80.0) (83.7) NR NR NR NR

Laskov et al. 28.6 28.8 11 10

201429 61+6.5 68.25+4.75 (20.5-34.9)  (25-40) (100) (100) NR NR NR NR

Iz\/gtlsjiif‘sm etal 502541125 NR NR NR NR  NR NR NR  NR

ggg‘éﬁ;et al 55 444.7 605+18  425:49  382:28  NR NR NR NR NR NR

Petchsila et al. 17 15 13 18 10 6

2020 29:9:10.0 >49:11.9 | NR NR (68.0) 625 (5200 (75.0) (40.0) (25.0)

Sivalingam et al. 22 7 6 3

b 63.68.9 67.8:092  355:113 32459 NR NR Geo) | 583 | @14y | 250)

Tehranianetal. 4, 65,680  43.16:6.08 NR NR 3(0.4) # NR NR NR NR

202029 T T ' (16)

Yates et al. 2018°”  60.0+4.5 55.8+5.2 36.7+5.5 38.3+5.1 NR NR NR NR NR NR
27.4 26.9 24 22 26 24 7 8

e
Zhao eral. 2017°7 | NR NR (23.7-36.1)  (24.5-35.6)  (72.7) 68.75) (7187) (75 (12 @5
Data are reported as mean + SD or n (%) unless otherwise specified. NR: Unreported, MEM: Metformin, C: Control group, BMI: Body mass index, SD: Standard deviation

Table 2. Illustrates the FIGO staging and tumor grade

FIGO Stage n (%) Tumor grade n (%)

Study ID

Kitson et al. 2018@"” | 34 (75) 38(88.3) 9(25) 3(6.9) 26 (57.8) 23 (53.5) 10 (22.2) 12(279) 6(13.3) 6(14.0)
Ii?)sllzczzve)et al. 9@ 20D 990 110 208  5(50) 5 (45) 2000 466 3(0)
Mitsuhashi et al.

20140 26 (80) 5(20) NR NR NR NR NR NR
Pabona et al.

20200 NR NR NR NR NR NR NR NR NR NR
Pl 20000 21675 500 3025 15600) 17(08) 6040 5008 4(160) 263
gg’i“ggﬁ‘m GEED 23(83) 10(100) 5(17)  0(0) 14 (50.0) 1(8.3) 13¢#64) 60500 1366 3250
Tehranian et al.

202029 NR NR NR NR NR NR NR NR NR NR
Yates et al. 2018°”  NR NR NR NR NR NR NR NR NR NR
Zhao etal. 2017°Y 23 (69.6) 19(59.3) 10(30.3) 13(39.3) 19(57.5) 18(56.25) 8(24.4) 7218 60181 7(1.8)
Data are reported as mean + SD or n (%) unless otherwise specified. NR: Unreported, MFM: Metformin, C: Control group, FIGO: Fédération Internationale de Gynécologie et d'Obstétrique.
SD: Standard deviation
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Pooled analysis was homogeneous (p=0.17); 1’=43% as shown
in Figure 10.

9-C-peptide (pg)

The C-peptide outcome was reported in two studies?*>?.
The combined mean difference did not show any significant
difference between both groups [MD=-93.12 (-422.60,
236.36)], (p=0.58) Data were heterogeneous (p=0.01); [’=84%
as shown in Figure 11. We could not solve heterogeneity
because only two studies reported this outcome.

A

Mean Difference

Discussion

In our meta-analysis, we investigated the effect of metformin
on tumor markers of EC. Six studies®2653V evaluated the
association of metformin use with Ki-67 proliferation and
expression. Out of the six studies that reported the Ki-67 index,
five studies®2°*Y found that metformin significantly decreased
the positive rate of Ki-67. Pabona et al.*® found that metformin
did not affect Ki-67 proliferation, which may be due to a short-
term metformin administration and/or the non-diabetic status
of the patients.

Mean Difference

Study or Subgroup Mean Difference SE Weight IV, Random, 95% Cl IV, Random, 95% CI
Laskovetal 2014 =106 1.94898 23.6% -10.60[-14.42 -6.78] —.

Mitsuhashi et al 2014 <161 7464286 14.8% -16.10[30.73,-1.47] e —

Pahona et al 2020 216 1306122 242% 216[040,472) r-

Petchsila et al 2020 166 5372449 184% -1660[2713,-6.07] —_—

Sivalingam et al 2016 =207 BS530612 133% -2070[3742,-398) ——————

Zhaoetal 2017 1 17147347 545%  1.00[-32.66, 34.66]

Total (95% Cl) 100.0% -10.14 [-19.10, -1.17] T
Heterogeneity: Tau®= 84.72; Chi*= 44,65, df= 5 (P < 0.00001); F= 89% —ﬁlﬂ _150 150 an

Test for overall effect: Z= 2,22 (P = 0.03)

Metformin Control

B Mean Difference Mean Difference

Study or Subgroup Mean Difference SE Weight IV, Random, 95% CI IV, Random, 95% CI|

Laskovetal 2014 106 194898 791% -10.60[-1442,-6.76]

Mitsuhashi et al 2014 -16.1 T.464286 54% -16.10[-30.73,-1.47]

Pabaona etal 2020 216 1.306122 0.0% 216 [-0.40,4.72]

Petchsila et al 2020 -16.6 5372443 104% -16.60 [27.13,-6.07] _—

Sivalingamet al 2016 -20.7 8530612 41% -20.70 [-37.42,-3.98]

Zhaoetal 2017 1 1717347  1.0%  1.00[-32.66, 34.66]

Total (95% CI) 100.0% -11.82[-15.22, -8.42] <

Heterogeneity: Tau®= 0.00; Chi*= 3.15, df= 4 (P = 0.53); IF= 0% a4 f f

Test for overall effect Z=6.82 (P = 0.00001) zol'del:cn?min UCnn;Iruol 20

Figure 3. Shows the Ki-67 proliferation index outcome
Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Sivalingam et al 2016 0.4 0882653 99.6% 0.40[-1.33,213]
Zhaoetal 2017 1 1488265 0.4% 1.00[-28.17,3017)
Total (95% CI) 100.0% 0.40[-1.32, 2.13]
Heterogeneity: Chi*=0.00, df=1 (P=0.97), F=0% -EEEI _1*0 ﬁ 140 2*0
Testfor overall effect: Z= 0.46 (P = 0.65) Metformin Control
Figure 4. Shows the P-AKT outcome
Mean Difference Mean Difference

Study or Subgroup Mean Difference SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Laskovetal 2014 -2.8 0.969388 508% -2.80[-4.70,-0.90] ——
Sivalingam et al 2016 -0.8 0.984694 492% -080[-2.73,113)] —r—
Total (95% CI) 100.0% -1.82[-3.17,-0.46] Eag
Heterogeneity: Chi*=2.09, df=1 (P=0.15);F=52% _%4 52 5 é i

Test for overall effect: Z=2.63 (P = 0.009)

Figure 5. Shows the P-S6 outcome

40

Metformin Contr
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Ki-67 protein is a proliferation marker for many human tumors
for decades. Recently, we have understood the molecular
functions of the Ki-67 protein®?. Ki-67 affects the active phases
of the cell cycle. It accumulates only during S, G2, and M phases
but is absent from resting cells GO; therefore, it is an excellent
marker for cell proliferation®. Zhao et al.®" and Sivalingam
et al.%® reported the effect of metformin on p-AKT expression.
The two studies showed that metformin significantly decreased
the rate of p-AKT. Akt is a serine kinase that participates in the
PI3K signaling pathway. It can be activated by various growth
signals. Once activated, Akt modulates the function of many

Mean Difference

proteins involved in cellular proliferation, survival, metabolism,
-and angiogenesis.

Two studies***® showed that reduction of pS6 expression
was evident in all patients who received metformin. The
expression of ps6 was increased in abnormal epithelial glands
compared to the normal endometrium. Five studies that
reported glucose level showed a significant decrease in glucose
level after metformin administration as expected@>2#27:2930
The main underlying mechanism is that metformin improves
insulin sensitivity and prevents gluconeogenesis, lowering
plasma glucose®®. A previous study found impaired glucose

Mean Difference

Study or Subgroup Mean Difference SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Sivalingam et al 2016 -2.3 1.780612 99.0% -230[5.79,1.19]
Zhaoetal 2017 0 17.56633 1.0% 0.00[-34.43, 34.43]
Total (95% Cl) 100.0% -2.28 [-5.75, 1.20]
Heterogeneity: Chi*=0.02, df=1 (P=0.90), F=0% _2:‘0 _1:0 b 1?[] 250
Test for overall effect Z=1.29 (P = 0.20) Metformin Control
Figure 6. Shows the p-4EBP1 outcome
Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Tehranian etal 2020 001 0178571 70.4% 0.01[-0.34,0.386]
Yates etal 2018 -0.14 0.27551 296% -0.14[-0.68,6 0.40]
Total (95% CI) 100.0% -0.03[-0.33, 0.26]
Heterogeneity: Chi*= 0.21, df=1 (P = 0.65); F= 0% 1 -D: . 5 u:s 1
Test for overall effect: Z=0.23 (P=0.82) Metf’ormin Contrél
Figure 7. Shows the hemoglobin (gm) outcome
Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Weight IV, Random, 95% CI IV, Random, 95% CI
Kitson etal 2018 -0.4 0145408 41.8% -0.40[-0.68,-0.12)
Petchsila et al 2020 -1.46 3.362245 14.7% -1.46[8.05,5.13) —
Sivalingam et al 2016 -36 54133 72% -360[14.21,7.01]
Tehranian etal 2020 -7.03 2433673 21.2% -7.03[-11.80,-2.26) e —
Yates etal 2018 251 3.293367 151% 2.51 [-3.94, 8.96) i
Total (95% CI) 100.0%  -1.76 [-4.88,1.37] q
Heterogeneity. Tau®= 6.06; Chi*= 8.63, df= 4 (P=0.07), F= 54% _’20 _1’0 ) 1’0 26
Test for overall effect Z=110(P=0.27) Metformin Placebo
B Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Weight IV, Random, 95% CI IV, Random, 95% CI
Kitson et al 2018 -04 0145408 995% -0.40(-068,-012)
Petchsila et al 2020 -1.46 3362245 02% -146[-8.05513] —
Sivalingam et al 2016 -36 54133 01% -360[14.21,7.01]
Tehranian et al 2020 -7.03 2433673 0.0% -7.03[-11.80,-2.26)
Yates etal 2018 251 3.293367 0.2% 2.51 [-3.94, 8.96) 7
Total (95% Cl) 100.0% -0.40 [-0.68, -0.11] [}
Heterogeneity: Tau®= 0.00; Chi*=1.23, df=3 (P=0.75): F= 0% _420 -1=D 3 1FD 210

Test for overall effect. Z= 2.75 (P = 0.006)

Figure 8. Shows the glucose (mg/dL) outcome

Metformin Placebo
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Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Kitson et al 2018 1.99 0.066327 998% 1.89[1.86,2.12]
Sivalingam et al 2016 0.3 1867347 01% 0.30[3.36, 3.96] N
Yates etal 2018 -213 4.076531 0.0% -213[10.12,5.86)
Total (95% CI) 100.0% 1.99 [1.86, 2.12] |
Heterogeneity: Chi*=1.84, df= 2 (P = 0.40); F= 0% _110 %5 3 é 1=l]
Test for overall effect: Z= 29.98 (P < 0.00001) Control Metformin
Figure 9. Shows the insulin (mIU) outcome
Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Sivalingam et al 2016 3.2 2688776 0.6% 3.20[-2.07,8.47) i‘—i
Tehranian et al 2020 -1.06 0219388 956% -1.06[1.49, -0.63)
Yates etal 2018 -217 1.109694 3.7% -2.17[-4.34,0.00] —
Total (95% Cl) 100.0% -1.07 [-1.49, -0.65] ]
Heterageneity: Chi*=351,df=2(P=017); = 43% -1:EI 15 b é 1:EI
Test for overall effect: Z=5.01 (P = 0.00001) Metformin Control
Figure 10. The BMI (kg/m?) outcome
Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Weight IV, Random, 95% CI IV, Random, 95% ClI

5566 4523469 561%
-283.06 126.4464

Sivalingam et al 2016
‘Yates etal 2018

Total (95% CI) 100.0%

Test for overall effect: Z= 0.55 (P = 0.58)

Figure 11. The c-peptide (pg) outcome

tolerance and insulin resistance may induce the initiation and
progression of EC. Therefore, Adequate diabetes control by
metformin is suggested to prevent EC®”. There is a debate
on whether metformin increases or decreases plasma insulin
levels. Two studies reported that metformin decreases insulin
levels?#2039 while another study found that metformin did not
affect insulin-signaling pathways®?”.

The main point of strength in our study is the inclusion of
clinical trials only while excluding other observational evidence.
It is well-known that data from clinical trials are considered
the strongest evidence, according to Cochrane’s handbook. We
found an overall low risk of bias among the included trials,
which further supports the accuracy of our findings. Most of
the analyzed outcomes were homogeneous, and this favors the
true interpretation of data.

Study Limitations

The major limitation of this study is the relatively small
sample size (397 participants). Other limitations include some
heterogeneous secondary outcomes and the fact that two trials
were not randomized. Additionally, no data were reported
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regarding the safety parameters of administering metformin in
patients with EC. So, we highly recommend the initiation and
conduction of further clinical trials with a larger sample size
and considering safety endpoints.

Conclusion

As a summary, the evidence from the included studies shows
that metformin administration in patients with EC significantly
decreases Ki-67 proliferation and expression, reduces serum
glucose levels and p-S6.
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