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Progestin plus metformin
improves outcomes in patients
with endometrial hyperplasia
and early endometrial cancer
more than progestin alone:
a meta-analysis

Fengping Shao †, Yinguang Li † and Yunhe Zhao*

Department of Obstetrics and Gynecology, The First Affiliated Hospital, Sun Yat-sen University,
Guangzhou, Guangdong, China
Objective: Progestin based therapy is the preferred option for fertility-sparing

treatment of reproductive-age women with preserved fertility in endometrial

hyperplasia (EH) or early endometrial cancer (EEC). Our objective was to

investigate whether metformin could enhance the efficacy of progestin-based

therapies by meta-analysis.

Methods: We conducted a meta-analysis of randomized or non-randomized

controlled trials by searching of PubMed, Embase, Web of science, and Cochrane

database from inception to November 8, 2022. The results of enrolled studies

were pooled using meta-analysis to estimate the effect of progestin plus

metformin on remission, recurrence, pregnancy rate and live birth rate.

Results: In the analysis of progestin administered systemically or locally, complete

response (CR) was significantly higher in progestin plus metformin versus progestin

alone in the EH group (pooled OR 2.08, 95% CI 1.29 to 3.34, P=0.003), in the EEC

group (pooled OR 1.86, 95% CI 1.13 to 3.05, P=0.01), but not in EEC and EH group

(pooled OR 1.46, 95% CI 0.97 to 2.21, P=0.07). In the analysis of progestin

administered systemically, complete response was improved in progestin plus

metformin versus progestin alone, in the EH group (pooled OR 2.47, 95% CI 1.45

to 4.21, P=0.0009), in the EEC group (pooled OR 2.09, 95% CI 1.18 to 3.71, P=0.01),

and in the EEC and EH group (pooled OR 2.03, 95% CI 1.16 to 3.54, P=0.01). The

relapse rates of patients with EEC and EHwere not different (pooledOR 0.54, 95%CI

0.24 to 1.20, P=0.13). For obstetric outcomes, the addition of metformin improved

pregnancy rate (pooled OR 1.55, 95% CI 0.99 to 2.42, P=0.05), but not live birth rate

(pooled OR 0.95, 95% CI 0.45 to 2.01, P=0.89).

Conclusion: For fertility-sparing management, compared to progestin alone, the

outcomes of patients with endometrial hyperplasia and early endometrial cancer

were more improved with progestin plus metformin because progestin plus

metformin increases the rate of remission and pregnancy.
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Introduction

In the United States, endometrial cancer is the most common

gynecologic malignancy, with nearly 63,246 new cases diagnosed in

2022, and in China, its incidence is in the second place of

gynecologic malignancies, with nearly 84,520 new cases diagnosed

in 2022 (1). Endometrial hyperplasia (EH) is a common

gynecological disease in reproductive-age women, defined as

hyperplasia of the endometrial glands with irregular size and

morphology, with or without atypical cells, whose main clinical

manifestation is abnormal uterine bleeding, which can easily

develop into endometrial cancer and seriously affect fertility.

Hormonal therapy, usually administered to promote remission

and allow pregnancy, plays a dominant role in the fertility-sparing

management. However, progestin therapy may not be the optimal

regimen, with remission probabilities of 12 and 24 months were

78.0% and 81.4%, respectively, while the recurrence probabilities were

up to 9.6% and 29.2%, respectively (2).

Metformin is a drug commonly used to treat patients with

diabetes, but also plays a role in gynecologic endocrine disorders,

such as improving the menstrual pattern, restoring ovulation,

increasing pregnancy rates, lowering serum androgen levels, and

reducing the risk for cardiovascular disease in women with polycystic

ovary syndrome (3). Metformin therapy has been found to possibly

help reverse atypical endometrial hyperplasia to normal endometrial

histology, reduce the risk of endometrial abnormality (3, 4) and

decrease biomarkers of cell proliferation associated with tumor

progression, and improve overall survival in endometrial cancer (5).

As the age of women with reproductive requirements gradually

increases, the occurrence of endometrial hyperplasia and endometrial

cancer will severely impair the fertility of these older women.

Hysterectomy in reproductive-age women can be greatly avoided

only if conservative therapy is able to achieve satisfactory rates of

disease remission and recurrence. Some previous meta-analyses have

evaluated the efficacy of metformin in endometrial cancer or

endometrial hyperplasia (6, 7). In 2017, a cochrane systematic review

reported that there is insufficient evidence to support or refute the use

of metformin alone or in combination with progestin (7); In 2021, a

meta-analysis published by Jennifer Chae-Kim et al. showed that the

addition of metformin to a progestin-based therapy reduced the rate of

disease recurrence, but it failed to improve remission rates, pregnancy

rates and live birth rates in patients (6). However, recent studies

demonstrated that progestin plus metformin could improve both the

rate of disease remission in endometrial hyperplasia (8) and in early

endometrial cancer (9). Recently, with the publication of several studies
Abbreviations: AEH, atypical endometrial hyperplasia; EAH, endometrial

atypical hyperplasia; EH, endometrial hyperplasia; EIH, endometrial

intraepithelial neoplasia; NAEH, non-atypical endometrial hyperplasia; CAH,

complex atypical hyperplasia; EEC, early endometrial cancer; EC, endometrial

cancer; OR, odd ratio; CI, confidence interval; MPA, medroxyprogesterone

acetate; LNG-IUD, levonorgestrel-releasing intrauterine device; MA, megestrol

acetate; NET, norethindrone; DMPA, depo-medroxyprogesterone acetate; Met,

metformin; Prog, progestin; Prog-Met, progestin plus metformin; BMI, body

mass index; PCOS, polycystic ovary syndrome; DM, diabetes mellitus; HBA1C,

glycosylated hemoglobin A1C; CR, complete response; NR, no report.
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(8–13), it is essential to further evaluate whethermetformin is beneficial

in improving the prognosis of endometrial cancer and endometrial

hyperplasia. This meta-analysis is intended to integrate recent clinical

studies to assess the benefits of metformin combination with progestin

therapy in women suffering from early endometrial cancer or

endometrial hyperplasia.
Methods

Search strategy

We conducted a meta-analysis to assess the efficacy of the

combination of progestin and metformin in the treatment of

endometrial hyperplasia and early endometrial cancer, in

accordance with the recommendations of the PRISMA 2020

statement (14). We conducted a comprehensive systematic search

of PubMed, Embase, Web of science, and Cochrane for all clinical

studies including randomized controlled trials or non-randomized

controlled trials, prospective studies or retrospective studies from

inception to November 8, 2022 and up to May 17, 2023 in the final

update. We searched the database using “metformin” and

“hyperplasia or cancer” and “endometrial” as search terms in all

fields. The study protocol was registered in PROSPERO with the

registration number CRD42022373842.
Selection criteria

The type of clinical study was not limited to prospective

randomized controlled trials, however, to be eligible, the following

conditions need to be met. Firstly, the study population: atypical or

non-atypical endometrial hyperplasia, early endometrial cancer in a

reproductive age group of women, who prefer to maintain fertility with

endocrine therapy. Secondly, conservative treatment regimens involve

the progestin alone, progestin in combination with metformin, and

also, progestin types including megestrol (MA), medroxyprogesterone

(MPA), norethisterone (NET), depo-medroxyprogesterone acetate

(DMPA) and levonorgestrel-releasing intrauterine device (LNG-

IUD), regardless of medication dose and duration of administration.

Thirdly, the primary outcome: disease remission, and secondary

outcomes: disease recurrence, clinical pregnancy rate, live birth rate

and adverse reactions. Studies were excepted if they were literature

reviews and meta-analyses, case reports, basic science papers and study

protocol; also, if clinical studies did not cover progestin treatment alone

and combination progestin with metformin for endometrial

hyperplasia, or early endometrial cancer, they were excluded. The

identical study, which may appear in multiple articles or different

publications, was considered for the analysis of the one trial that

presented the most complete data.
Data extraction

Two investigators independently screened the title and abstract of

each eligible paper, and reviewed the full text and even the
frontiersin.org

https://doi.org/10.3389/fendo.2023.1139858
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Shao et al. 10.3389/fendo.2023.1139858
supplementary information if necessary, and collected data using a

pilot-tested data extraction sheet. If there were any disagreements,

they were resolved through discussion and consultation. The

following information was extracted from each selected trial and

collected in extraction sheet: authors, year of publication, location of

data source, prospective or retrospective, type of disease: endometrial

hyperplasia with or without atypical, early stage endometrial cancer,

number of patients in each treatment group (Prog-Met and Prog),

number of patients in complete response, relapse, pregnancy and live

birth, number of patients by EEC and EH, number of patients by BMI

(body mass index), type of progestin, dose of metformin

administered, follow-up time and adverse event.
Quality assessment of the studies

Since two study types, randomized controlled trials and

retrospective cohort studies, were enrolled, Cochrane Collaboration

Risk of Bias Tool and Newcastle-Ottawa Scale were used to assess

their quality separately. Cochrane Risk of Bias Tool consists of

random sequence generation; allocation concealment; blinding of

participants and personnel to the study protocol; blinding of outcome

assessment; incomplete outcome data; and selective reporting (15),

and Newcastle-Ottawa scale consists of three criteria: selection,

comparability, and outcome assessment (16).
Statistical analysis

The primary objective of the meta-analysis was complete response

of patients in Prog-Met group and Prog group. The second objectives

were relapse rates, clinical pregnancy rates, live birth rates and adverse

events between two groups. Subgroup analysis was conducted by

patient characteristics such as age, BMI, PCOS (polycystic ovary

syndrome), and diabetes mellitus, if the data was available. P ≤ 0.10

or I2≥50% indicated significant heterogeneity by Cochran’s Q test and

I2 statistics. If heterogeneity was not present, a fixed-effects model was

used (P>0.10 and I2<50%) (17), otherwise, a random-effects model was

used (P ≤ 0.10 or I2≥50%) (18). Data are shown as odds ratio (ORs)

with 95% confidence intervals (CIs). The results were considered

statistically significant if P value < 0.05. All analysis was carried out

using performed using Review Manager 5.3 (Cochrane Collaboration,

Copenhagen, Denmark) and the graphs were then optimized in R

statistical computing software.
Results

According to the search terms, the initial search resulted in 1680

reports, and by removing 765 duplicates, 902 publications that

failed to meet the inclusion criteria, the final 13 trials were included

(Supplementary Figure 1). Assessment of risk of bias for

randomized controlled trials is presented in Supplementary

Figure 2, and quality assessment of retrospective cohort studies is

presented in Supplementary Table 1.
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Among the 13 studies, 1 study was presented as a conference in

2020 (19), and finally as an article in 2023 (20), and 5 studies

enrolled both patients with EH and patients with EEC (19–24), and

5 studies focused only on patients with EH (8, 11, 12, 25, 26), and 2

studies enrolled only patients with EEC (9, 10). Six studies were

prospective trials (9, 11, 12, 23, 26, 27), while seven were

retrospective trials (8, 10, 19–22, 24, 25). The study published by

Matsuo et al. was a clinical trial with a predominantly obese

population, with BMI >25 kg/m2 accounting for 92.6% of

endometrial hyperplasia patients (25). There are two routes of

progestin therapy, with systemic administration including oral

medroxyprogesterone acetate, megestrol acetate, norethindrone,

depo-medroxyprogesterone acetate, and local administration via a

levonorgestrel-releasing intrauterine device. The route of progestin

therapy were systemic administration in eight studies (8, 12, 19, 20,

22–24, 26), and local administration alone in two studies (11, 27),

and systemic administration combined with local administration in

one studies (10), and systemic or local administration in two studies

(21, 25). The dose of metformin was administered in a range from

500 mg/d (21) to 2,500 mg/d (20, 25), with the commonly

administered dose of 1,000 mg/d and 1,500 mg/d. Twelve studies

provided follow-up times for the assessment of disease remission

rates, ranging from 3 months (26) to 32.5 months (24). The

characteristics of the 13 selected trials are summarized in Table 1.
Meta-analysis in patients with
endometrial hyperplasia

In the mixed analysis (where progestin was administered

systemically or locally) enrolling seven studies, complete remission of

disease with progestin combined with metformin was statistically

significantly better than with progestin alone (pooled OR 2.08, 95%

CI 1.29 to 3.34, P=0.003), with 87.1% (209/240) and 79.4% (335/422) of

women achieved complete remission in each group, respectively

(Figure 1A). In the subgroup analysis (where progestin was

administered systemically only) with five studies enrolling, the odds

ratio was statistically elevated to 2.47(95% CI 1.45 to 4.21) with a P

value of 0.0009 (Figure 2A). In subgroup of overweight population

extracted from 3 studies, no difference was demonstrated between

combination therapy and progestin alone (pooled OR 0.97, 95% CI

0.52 to 1.79, P=0.92) (Supplementary Figure 3).
Meta-analysis in patients with early
endometrial cancer

In the mixed analysis included five studies showed that

complete disease remission was statistically better for the Prog-

Met versus Prog (pooled OR 1.86, 95% CI 1.13 to 3.05, P=0.01),

with 80.3% (143/178) and 70.1% (220/314) of women achieved

complete remission in each group, respectively (Figure 1B). At

subgroup analysis, the P value (P=0.001) for odds ratio (pooled OR

2.09) was also statistically significant, meaning that progestin plus

metformin was superior to progestin alone. (Figure 2B).
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TABLE 1 Characteristics of the eligible trials in the meta-analysis.
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Meta-analysis of patient with
early endometrial cancer and
endometrial hyperplasia

The results enrolling six studies for mixed analysis indicated that

complete disease remission were similar between Prog-Met group and

Prog group (pooled OR 1.46, 95% CI 0.97 to 2.21, P=0.07), with 80.1%

(209/261) and 75.0% (388/517) of women achieved complete remission

in each group, respectively (Figure 1C). After removing one study with

local administration via LNG-IUD (21), five studies remained for

subgroup analysis resulting to show that the odds ratio was 2.03(95%

CI 1.16 to 3.54), when comparing the two groups with a p-value of 0.01

meaning statistically significant (Figure 2C). The Prog-Met group was

not able to reduce the risk of relapse, when compared to the Prog group

by pooled four studies with using random effect model (pooled OR

0.54, 95% CI 0.24 to 1.20, P=0.13), with 19.7% (34/173) and 40.2%

(145/361) of women relapsed after achieving complete remission in

each group, respectively (Figure 3). When choosing a fixed effects

model, the results showed that the Prog-Met group was able to reduce

the risk of relapse, when compared to the Prog group (pooled OR 0.60,

95% CI 0.37 to 0.97, P=0.04) (Figure not provided).
Frontiers in Endocrinology 05
Clinical pregnancy rate and live birth rate

Using the total number of participants in each treatment group as

the denominator, our meta-analysis showed that compared with

progestin alone, the addition of metformin in patients with

endometrial hyperplasia and early endometrial cancer may improve

clinical pregnancy rate (pooled OR 1.55, 95% CI 0.99 to 2.42, P=0.05),

but not increase live birth rate (pooled OR 0.95, 95% CI 0.45 to 2.01,

P=0.89) (Figure 4).

Evaluation of adverse reactions

Few studies had specifically reported adverse reactions. According

to 3 studies published by Yang et al, Yuan et al. and Ravi, R. D. et al, the

adverse reactions were not severe in both Prog-Met group and Prog

group, and the common adverse reactions of metformin were

gastrointestinal reactions. The addition of metformin significantly

increased the occurrence of gastrointestinal reactions (pooled OR

2.91, 95% CI 1.57 to 5.40, P=0.008) and nausea (pooled OR 3.06,

95% CI 1.20 to 7.78, P=0.02), but not abdominal pain or insomnia

(Supplementary Figure 4).
A

B

C

FIGURE 1

Complete response comparing Prog-Met versus Prog by administering progestin systemically and locally in subgroups. (A) Endometrial hyperplasia,
(B) early-stage endometrial cancer, (C) endometrial hyperplasia and early-stage endometrial cancer. (Effect size is presented as odds ratio with 95%
confidence interval. Odds ratio >1 means that progestin combined with metformin is superior to progestin. Prog, progestin; Met, metformin).
frontiersin.org

https://doi.org/10.3389/fendo.2023.1139858
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Shao et al. 10.3389/fendo.2023.1139858
Discussion

Considerable basic and clinical research has supported that

metformin plays an important role in fertility-preserving treatment.

Metformin sensitizes endometrial cancer cells even progestin-resistant

EC cells to progestin by promoting progesterone receptor (28),

downregulating glyoxalase I expression (29), downregulating

glyoxalase I expression (30). Also, metformin alleviates endometrial

hyperplasia by downregulating the expression levels of urothelial

cancer associated 1, transforming growth factor−b and protein

kinase B (31). Progestin-assisted metformin treatment was associated
Frontiers in Endocrinology 06
with a lower rate of disease recurrence for atypical endometrial

hyperplasia and endometrial cancer (6, 32).

We expanded the newly published study to perform an integration

and stratification analysis. Our results showed that combination

therapy improved remission rate and pregnancy rate in patients with

endometrial hyperplasia and early stage endometrial cancer, but not the

relapse rate. Interestingly, the study published by Raffone A et al. (33)

suggested that mismatch repair proteins appears to be able to influence

disease recurrence. Noteworthy, when progestin was administered

systemically, the difference in disease remission rates became more

significant between the two groups. In our study, there was a significant
A

B

C

FIGURE 2

Complete response comparing Prog-Met versus Prog by administering progestin systemically in subgroups. (A) Endometrial hyperplasia, (B) early-
stage endometrial cancer, (C) endometrial hyperplasia and early-stage endometrial cancer. (Effect size is presented as odds ratio with 95%
confidence interval. Odds ratio >1 means that progestin combined with metformin is superior to progestin. Prog, progestin; Met, metformin).
FIGURE 3

Relapse comparing Prog-Met versus Prog in endometrial hyperplasia and early-stage endometrial cancer. (Effect size is presented as odds ratio with
95% confidence interval. Odds ratio >1 means that progestin is superior to progestin combined with metformin. Prog, progestin; Met, metformin).
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difference between the results and those published by Jennifer Chae-

Kim et al. (6), which was attributed to the inclusion of more studies in

this meta-analysis.

Progestin-based therapy is the conservative treatment strategy

to preserve fertility in patients with early stage endometrial cancer

and atypical endometrial hyperplasia, which includes both systemic

administration of oral medroxyprogesterone acetate, megestrol

acetate, norethindrone, depo-medroxyprogesterone acetate, and

local administration of LNG-IUD. However, remission rates of

women with early endometrial cancer and atypical complex

hyperplasia managed with progestin or LNG-IUD alone were just

71% and 76%, respectively (34), which were not so ideal that it

requires improvement. Our study observed remission rates of 87.1%

and 80.3% in patients with EH and EEC treated with metformin

combined with progestin, respectively, both of which were higher

than progestin alone with 79.4% and 70.1%, respectively. The study

published by Casadio P et al. (35) showed that hysteroscopy

combined with progestin resulted in more perfect disease

remission rates and pregnancy outcomes, for which multiple

hysteroscopies and multiple endometrial biopsies were required,

which may be a difficulty for some patients. Anyway, these

information would be particularly informative in helping doctors

make clinical decisions for their patients.

It is well known that patients with obesity and polycystic ovary

syndrome are highly represented among patients with endometrial

hyperplasia and endometrial cancer. With several studies analyzed

the relationship between obesity status and disease response, our

results by enrolling 3 studies (8, 22, 25) for meta-analysis suggested

that there was no improvement in disease remission rate for

overweight population treated with combination systemic

progestin and metformin. However, two studies (8, 22) have

claimed that metformin combined with systemic progestin has

therapeutic value in patients with a BMI ≥25 kg/m2, because of
Frontiers in Endocrinology 07
the effect of metformin in reducing insulin resistance (8), also

resulting in weight loss in patients to counteract the metabolic

effects of systemic progestins (22). Noteworthy, one of these three

studies (25) suggested that by subgroup analysis concurrent

metformin may possibly offer treatment benefit, when used with

the levonorgestrel-releasing intrauterine device rather than systemic

administration, because the former keeping the anti-inflammatory

effects of metformin for overweight patients, although the overall

data do not confirm the benefit of metformin. Systemic progestin

may contribute to the elevation of inflammatory cytokine by

increasing body weight, which in turn counteracts the efficacy of

metformin (25). Consequently, it remains inconclusive whether

metformin has therapeutic value and whether it depends on the

progestin route in obese patient.

For patients with PCOS, two studies have shown that PCOS status

is not a risk factor for disease prognosis (10, 21), and another study

found that PCOS patients had a significantly higher CR rate in the

Prog-Met group compared to the Prog group (p=0.028) (8). Metformin

may reverse endometrial dysfunction in PCOS women, and improve

pregnancy outcomes in obese and/or insulin resistant patients (4).

Therefore, there is a demand for prospective randomized controlled

trials with large numbers of participants, and even more so, clinical

trials stratified by patient characteristics. There is an ongoing

randomized controlled trial to investigate metformin in combination

with MPA for fertility-sparing treatment, in which the primary

objective is 3-year relapse-free survival (RFS) and secondary

objectives are response rate to MPA therapy, pregnancy rate and live

birth rate, toxicity evaluation and changes in insulin resistance and

body mass index (FELICIA trial) (36).

For pregnancy outcomes in most studies, detailed data were

unavailable, and there was variation in the denominators used to

calculate pregnancy and live birth rates across studies, in which the

number of total participants, the number of patients with remission
A

B

FIGURE 4

Obstetric outcomes comparing Prog-Met versus Prog for subgroups. (A) Clinical pregnancy rate and live birth rate (B). (Effect size is presented as odds ratio
with 95% confidence interval. Odds ratio >1 means that progestin combined with metformin is superior to progestin. Prog, progestin; Met, metformin).
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of disease, or the number of patients trying conceive. Distinct from

previous studies (6), in our meta-analysis, we pooled the total

number of participants in each treatment group as the

denominator and showed that the pregnancy rate may be higher

in the Prog-Met group compared to the Prog group.

Adverse reactions are an important consideration in the long-

term delivery of combination therapy strategies. Due to insufficient

data on reported adverse events, our study only analyzed adverse

reactions such as gastrointestinal reactions, nausea, insomnia, and

abdominal pain. The results showed that Prog-Met treatment

increased gastrointestinal adverse reactions and nausea, but the

extent of these symptoms was mild.

The analysis has some limitations, mainly as follows: Firstly, the

selected studies were mostly retrospective, with small samples involved.

Secondly, these studies were non-consistent in their observational

purpose, and several were unavailable to adequately cover disease

remission rates, recurrence rates, pregnancy outcomes, and adverse

effects, and for disease remission may lack consistent pathological

assessment. Thirdly, there was inconsistency in the histological

diagnosis of patients in these studies, with both endometrial

hyperplasia and endometrial cancer, and in addition endometrial

hyperplasia included two histological types, atypical cell and without

atypical cell. Fourthly, the differences are manifested in patient

characteristics, but also in the diversity of progestin agent and also in

the diversity of metformin dosage. For example, in this study by

Acosta-Torres et al, women in the Prog-Met group were more often

characterized by a younger, higher BMI, DM (diabetes mellitus) and

PCOS (21); in another study by Zhou et al, only patients with elevated

HBA1C (glycosylated hemoglobin A1C) were treated with metformin

(24). Finally, it was unavailable to conduct subgroup analyses based on

patients’ characteristics, such as age, body mass index, reproductive

status, and comorbid conditions.
Conclusion

Our meta-analysis found that the addition of metformin to

progestin-based therapy contributed to the improvement of disease

remission rate in women with endometrial hyperplasia and early

stage endometrial cancer. Metformin failed to improve disease

recurrence rate. When progestin was administered systemically, the

difference in disease remission rates between the Prog-Pet and Prog

groups became more pronounced. Pregnancy rates may be higher in

the Prog-Met group, but live birth rates were similar in both groups.
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