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Abstract

Objective—There is increasing pre-clinical and clinical evidence that metformin, a commonly 

used diabetes medication, has a protective effect in cancer. The aim of this review is to discuss 

metformin's anti-cancer molecular mechanisms of action and to summarize the current literature 

demonstrating metformin's potential in gynecologic cancer prevention and treatment.

Methods—A PubMed search was conducted combining the keywords “metformin” with 

“neoplasm”, “uterine neoplasms”, “ovarian neoplasms”, and “uterine cervical neoplasms”. Studies 

published in English between 1994 and 2014 were included.

Results—Pre-clinical studies in endometrial, ovarian, and cervical cancer suggest that metformin 

inhibits the growth of cancer cells. The primary molecular mechanism mediating this effect 

appears to be the activation of AMP-activated protein kinase (AMPK) and the subsequent 

inhibition of mammalian targets of rapamycin (mTOR). The pre-clinical findings are augmented 

by clinical studies indicating that metformin use is associated with a reduced risk of cancer and 

improved survival in diabetic women with ovarian and endometrial cancer. No clinical analyses 

have evaluated metformin use and cervical cancer. Overall, the data showing a favorable effect of 

metformin is strongest for endometrial and ovarian cancer and prospective clinical testing is 

ongoing in these two malignancies.

Conclusions—Numerous clinical studies have reported an association between metformin use 

by diabetic patients and improved outcomes in gynecologic cancers. In addition, pre-clinical 

reports have identified plausible biological mechanisms to explain the molecular mechanism of 

action of metformin in cancer. However, the most important question remains unanswered: Will 

metformin be effective against cancer in patients without diabetes? Until this question is answered 

with prospective clinical testing, the role of metformin in the treatment or prevention of 

gynecologic malignancies remains theoretical and the clinical use of metformin as a cancer 

therapeutic is experimental.
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INTRODUCTION

Despite the investment of considerable time and money, there has been minimal success in 

the development of new gynecologic cancer therapies. One approach to decreasing the cost 

and increasing the efficiency of new cancer drug development is drug repurposing [1]. This 

approach exploits the anti-cancer effects of medications that are FDA approved for non-

cancer indications and builds on available safety and pharmacology data to develop the drug 

as a cancer therapeutic. Currently, one of the medications with the greatest potential for 

repurposing in gynecologic oncology is metformin, an oral biguanide, currently used for the 

treatment of diabetes and polycystic ovarian syndrome.

A group of investigators at the University of Dundee first suggested that metformin has a 

protective effect in cancer in 2005. In this study that included 11,867 men and women, 

Evans et al. found that patients with type II diabetes taking metformin had a lower risk of 

dying from cancer when compared to patients who did not use metformin (OR 0.76; 95% 

CI: 0.67-0.93)[2]. These findings were not cancer-type specific. Following this landmark 

report, several other observational studies suggested an association between metformin use 

and reduced cancer risk and/or improved cancer survival [3-5]. In 2013, a meta-analysis 

which included 6 observational studies reported a significant reduction in the risk of cancer 

death in metformin users compared to non-users (OR 0.65, 95% CI: 0.53-0.80, p<0.0001) 

[6], confirming the findings of a 2010 meta-analysis [7].

At first, metformin may seem an unlikely candidate for repurposing as a cancer therapeutic. 

However, metformin alters metabolism and it is becoming increasingly clear that cancer 

cells have metabolic derangements that may make them uniquely vulnerable to drugs that 

target metabolism. Perhaps the most well characterized metabolic derangement in cancer 

cells is that of glucose utilization. Non-transformed cells, in the presence of oxygen, process 

glucose through glycolysis, the tricarboxylic acid (TCA) cycle, and the mitochondrial 

respiratory transport chain to produce 38 molecules of adenosine 5’-triphosphate (ATP) per 

molecule of glucose. In contrast, cancer cells preferentially generate energy only through 

glycolysis, even when oxygen is present, which inefficiently generates lactic acid and only 2 

molecules of ATP per molecule of glucose. This reliance of cancer cells on glycolysis alone 

is referred to as “aerobic glycolysis” and was first described in the 1920s by German Nobel 

laureate Otto Warburg [8]. In addition, cancer cells metabolize lipids in a unique fashion. 

Cancer cells are capable of de novo fatty acid synthesis, whereas non-transformed cells are 

dependent on fatty acids obtained from dietary intake [9]. In ovarian cancer, recent findings 

indicate that cancer cells also obtain lipids from adjacent normal adipocytes, using the lipids 

to fuel rapid growth [10, 11].

Since cancer cell-specific derangements in glucose and lipid metabolism may represent an 

“Achilles heel” of cancer, there has been a surge of interest in identifying agents, such as 

metformin, that may be directed against cancer cell metabolism. In fact, both pre-clinical 
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research on metformin and prospective trials; testing it as a cancer therapeutic are advancing 

quickly. The aim of this review is to examine the anti-cancer mechanisms of metformin and 

to summarize the literature indicating metformin's potential in gynecologic cancer 

prevention and treatment.

METHODS

This article reviews the English language literature for studies on metformin and 

gynecologic cancers. We searched the MEDLINE (PubMed) database for literature 

published between January 01, 1994- September 30, 2014, combining the MESH keywords 

“metformin” with “neoplasm”, “uterine neoplasms”, “ovarian neoplasms”, and “uterine 

cervical neoplasms”. Articles published in peer-reviewed journals and published abstracts 

from national meetings were included. Pre-clinical studies were selected if they assessed the 

effects of metformin on carcinogenesis or treatment response in gynecologic cancers. 

Clinical studies were selected if the study population was described, metformin use was 

reported and if the measures of association (hazard ratio (HR) or odd ratio (OR)) were 

provided. Additional reports were collected by systematically reviewing all references from 

retrieved papers. The website clinicaltrials.gov was searched to identify ongoing prospective 

clinical trials of metformin in gynecologic cancers.

RESULTS

Metformin's Proposed Mechanism of Action in Cancer

Studies investigating metformin's anti-cancer mechanisms of action focus on both the 

systemic effects of the drug and the direct effects on cancer cells (Fig 1). Systemically, 

insulin and insulin-like growth factors (IGF) stimulate cancer cell proliferation through 

activation of PI3K-AKT signaling, leading to tumor growth [12]. One hypothesis is that by 

improving peripheral insulin sensitivity and increasing insulin growth factor binding 

proteins (IGFBP), metformin treatment results in a net reduction in systemic insulin and 

IGFs, ultimately leading to inhibition of tumor growth [13]. The current hypothesis for 

metformin's direct action in cancer cells points to AMPK activation as primarily mediating 

metformin's effects [14]. Metformin enters the cell through the organic cation transporter 

(Oct 1/2) and inhibits complex I of the respiratory transport chain which reduces ATP 

production [15]. The reduction in ATP levels triggers the tumor suppressor, LKB1 (Liver 

Kinase B1), to phosphorylate (activate) AMPK [16]. AMPK is charged with maintaining 

energy hemostasis and when activated AMPK decreases ATP consumption by inhibiting 

fatty acid and protein synthesis. Since cancer cells have baseline metabolic derangements, 

the additional metabolic stress induced by unchecked AMPK activation ultimately results in 

cell death.

Recent research has produced a more detailed characterization of metformin's action in 

cancer cells. For example, through inhibition of endogenous reactive oxygen species 

produced by complex 1 of the electron transport chain, metformin has been shown to reduce 

DNA damage, oxidative stress and reduce mutation rate [17]. In addition, reports indicate 

that metformin inhibits mitochondrial glycerophosphate dehydrogenase, a redox shuttle 
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enzyme that reduces the conversion of lactate and glycerol to glucose and impairs hepatic 

gluconeogenesis [18].

Metformin also has novel anti-cancer effects that are independent of its impact on 

metabolism. Metformin may protect against cancer through modulation of small non-coding 

RNA segments (miRNA) that inhibit gene expression at the posttranslational level. A report 

by Blandino et al. in breast cancer, showed that metformin's protective effect was mediated 

by up regulation of a key enzyme in miRNA biogenesis (DICER) and increased expression 

of miRNA33a [19]. Another study in breast cancer demonstrated that metformin up-

regulates tumor suppressive miRNAs, including let-7a (Lethal 7a)[20]. Another interesting 

hypothesis proposes that metformin targets cancer stem cells. Selective targeting of cancer 

stem cells by metformin has been reported in breast [21], pancreatic [22], and ovarian [23] 

cancer. Through the molecular mechanisms outlined above, it is biologically plausible that 

metformin may have anti-cancer effects in gynecologic malignancies.

Ovarian cancer

Ovarian cancer is the 4th leading cause of cancer death among women (estimated 21,890 

new cases and 4,020 deaths from ovarian cancer in the US,2014) [24]. Platinum-based 

treatment for ovarian cancer was introduced 30 years ago, and taxanes were added in 1996. 

This combination treatment is the standard first line chemotherapy regimen currently used to 

treat epithelial ovarian cancer. Unfortunately, since the introduction of these agents, there 

has been little change in the therapeutic approach and little improvement in overall survival 

[25]. This lack of progress has motivated ongoing investigations into novel therapeutics 

including approaches, like metformin, aimed at tumor metabolism.

Pre-clinical studies in ovarian cancer—In 2008, Gotlieb et al. (McGill University, 

Quebec) published the first report indicating that metformin was cytotoxic to ovarian cancer 

cells in vitro [26], a finding that has now been supported by numerous other publications 

[27-30]. The initial molecular studies of metformin in ovarian cancer, like those in other 

cancers, focused on activation of AMPK and AMPK's downstream targets, including 

decreased protein synthesis via mTOR inhibition, increased fatty acid oxidation, and 

decreased fatty acid synthesis. A number of studies demonstrated that, in ovarian cancer 

cells, metformin activated AMPK in a time and dose dependent manner and altered known 

downstream targets of AMPK [26, 27, 31, 30]. The in vitro molecular effects of metformin 

in ovarian cancer are outlined in Table 1.

Several investigators have shifted the focus from AMPK and attempted to categorize the 

molecular effects of metformin in the framework of the hallmarks of cancer. They have 

found that metformin's anti-ovarian cancer action is multifaceted. When evaluating the 

mechanisms mediating metformin's anti-proliferative effect in ovarian cancer, investigators 

have reported that metformin modulates the cell cycle [27, 32, 30]. Two studies have 

reported that metformin induces apoptosis in ovarian cancer cells [32, 33], although another 

study found no induction of apoptosis with metformin treatment [29]. In addition, metformin 

has been shown to inhibit ovarian cancer cell adhesion, invasion, and migration [29], 

highlighting a potential role combating metastasis. Inhibition of angiogenesis was suggested 

Febbraro et al. Page 4

Gynecol Oncol. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



in a study that noted a reduction in CD31 staining [34]. Moreover, a recent report indicates 

that, in ovarian cancer, metformin inhibits adipocyte-induced proliferation and migration of 

cancer cells [35]. This is the first report in a gynecologic cancer indicating that metformin's 

effect extends beyond cancer cells to the adjacent stromal cells in the tumor 

microenvironment.

Novel effects of metformin in ovarian cancer have also been investigated. Reports have 

indicated that combining metformin with either a PI3K inhibitor (LY294002) [33] or an 

inhibitor of complex III of the electron transport chain (phenethyl isothiocyanate) [28] 

achieves greater ovarian cancer cell death than either compound alone. Ronald J. 

Buckanovich and his group at the University of Michigan demonstrated, in vitro and in 

mouse models, that metformin therapy alone and in combination with cisplatin inhibits the 

growth of ovarian cancer stem cells [23]. These findings have been augmented by a recent 

report indicating that metformin down regulates expression of ovarian cancer stem cell 

markers through activation of FOXO3 [36].

In xenograft mouse models of ovarian cancer, metformin has been shown to decrease tumor 

burden, with up to 60% lower mean tumor weights in mice treated with metformin 

compared to mice treated with placebo [34, 23, 29, 30]. Many of the in vitro molecular 

mechanisms of action of metformin in ovarian cancer were also found to be present in 

mouse models, including activation of AMPK signaling pathways [34]. In a recent study 

using a both xenograft and genetic mouse models of ovarian cancer, our group at the 

University of Chicago show that metformin prevents tumor growth through induction of cell 

cycle arrest and sensitizes tumors to paclitaxel [30]. These findings support earlier reports in 

xenograft mouse models and in vitro indicating that metformin improves response to 

cisplatin [34, 23, 37, 38]. The findings regarding metformin and ovarian cancer in mouse 

models are outlined in Table 2.

Clinical studies in ovarian cancer—Metformin's potential role in the prevention of 

ovarian cancer was evaluated in one case-control analysis of 1,611 ovarian cancer cases, 

which reported that long-term users of metformin (>30 prescriptions) had a trend toward a 

reduced risk of ovarian cancer (OR 0.61, 95% CI 0.30-1.25) [39]. Two published studies 

have evaluated the relationship between metformin use and ovarian cancer survival, both 

reporting promising findings. In a retrospective cohort analysis of ovarian cancer patients at 

University of Chicago, we found that progression-free survival at 5 years was 51% for 

diabetic patients who used metformin compared with 23% for non-diabetic patients and 8% 

for diabetic patients who did not use metformin (p=0.03). Overall survival at five years was 

63% for diabetic patients who used metformin compared with 37% for non-diabetic patients 

and 23% for diabetic patients who did not use metformin (p=0.03) [40]. In an independent 

study at Mayo Clinic Rochester, the Shridhar group found a nearly identical magnitude of 

improved survival among ovarian cancer patients who used metformin [41]. Both of these 

studies used death from ovarian cancer, not all-cause mortality, as the primary outcome. The 

findings that diabetics on metformin had an improved outcomes when compared to 

nondiabetics was unexpected in light of prior published evidence indicating that patients 

with diabetes have worse ovarian cancer outcomes [42]. The clinical studies of metformin 

and ovarian cancer are outlined in Table 3.
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Endometrial Cancer

Endometrial cancer is the fourth most common cancer in women in the United States 

(estimated 52,630 new cases/8,590 deaths in the US in 2014) [24]. Risk factors for 

endometrial cancer include unopposed estrogen [43], obesity [44], and hyperinsulinemia 

[45]. It is biologically plausible that metformin could favorably influence these risk factors 

because of the drug's beneficial effects on diabetes and metabolic syndrome.

Pre-clinical studies in endometrial cancer—In endometrial cancer, in vitro studies 

have demonstrated that metformin inhibits the growth of cancer cells in a dose-dependent 

fashion [46-50]. The in vitro molecular effects of metformin in endometrial cancer are 

outlined in Table 1. Several studies have evaluated the molecular mechanisms by which 

metformin may inhibit endometrial cancer cell growth. The findings of those studies indicate 

that metformin induces cell cycle arrest and apoptosis [46, 48-51]. Metformin has also been 

shown to decrease migration and invasion of endometrial cancer cells. In an elegant study, 

Tan et al. showed that the ability of endometrial cancer cells to invade was impaired by 

treatment with sera from PCOS patients on metformin as compared to treatment with sera 

from PCOS patients not using metformin [52].

Endometrial cancer harbors genetic aberrations, including loss of PTEN and activation of 

mTOR [53, 54], which may make metformin particularly effective for this malignancy. 

Drugs that inhibit mTOR, such as rapamycin, are already approved for use in the treatment 

of renal cell carcinoma [55, 56] and have undergone prospective testing in endometrial 

cancer [57, 58]. Functionally, metformin acts as an mTOR inhibitor by activating AMPK, 

which negatively regulates mTOR. Consistent with this signaling cascade, endometrial 

cancer cells treated with metformin show a dose dependent increase in AMPK activation 

and a decrease in mTOR signaling [46, 59, 47, 49, 50]. In vivo studies have confirmed 

several of these molecular effects in endometrial cancer (Table 2). In a study led by Karen 

H. Lu at the University of Texas MD Anderson Cancer Center, investigators found that, in 

two different mouse models, metformin treatment reduced mean tumor weight by almost 

50% and lowered mTOR signaling (measured by phosphorylated S6 ribosomal protein) in 

tumors [49]. In a separate study, this group also evaluated metformin in the context of 

endometrial cancer prevention. Here the investigators analyzed the endometrium of Zucker 

rats without cancer and reported that metformin attenuates proliferative pathways induced 

by estrogen [60].

Studies in endometrial cancer have also evaluated the possibility that metformin could 

improve response to standard therapy. For example, investigators have demonstrated 

synergism between metformin and paclitaxel in vitro and in animal models [48]. When 

metformin's effect on hormonal therapy was evaluated, it was found to be synergistic with 

medroxyprogesterone acetate and to overcome progestin resistance [59, 47, 49]. There have 

been no published reports evaluating if metformin modulates radiation therapy.

Clinical and window of opportunity trials in endometrial cancer—Metformin's 

potential role in the prevention of endometrial cancer has been evaluated in two studies, both 

indicating that metformin use was not associated with a reduced risk of endometrial cancer 
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[61, 62]. The clinical studies of metformin and endometrial cancer are outlined in Table 3. 

Two studies, however, have reported that metformin use is associated with improved 

endometrial cancer survival. In a retrospective analysis of 1,495 endometrial cancer cases, 

the Bae-Jump group (University of North Carolina) found that metformin use was associated 

with significantly improved overall survival and recurrence free survival, but was not 

significantly associated with time to recurrence. Nonmetformin users were 2.0 times as 

likely to die as metformin users (95% CI:1.3-3.2, p = 0.003) [63]. This improvement in 

overall survival was echoed by Nevadunsky et al, (Albert Einstein College of Medicine) but 

only among patients with non-endometroid histology. In this study the authors report that, 

among endometrial cancer patients with non-endometroid histologic subtypes, diabetics who 

used metformin had a greater overall survival (HR=0.57; 95% CI: 0.31-0.97, p = 0.04) when 

compared to non-diabetics [64]. Of note, the primary outcome in both of these studies was 

all-cause mortality, not death from endometrial cancer. Therefore, one must use caution in 

inferring that metformin improves survival from endometrial cancer specifically, since it is 

possible that metformin is decreasing other causes of mortality (e.g. diabetes complications 

or obesity).

Four independent preoperative window of opportunity trials have been completed in 

endometrial cancer patients [65-68]. All of the studies had a similar design; non-diabetic 

patients with endometrial cancer (n=12-30) were treated with metformin (1500-2250 mg/

day) for 4 to 6 weeks. Serum and endometrial samples were collected before and after 

metformin use (at hysterectomy). All four studies reported reduced levels of a cell 

proliferation marker (Ki67) in endometrial tumor samples after metformin treatment and 

decreased expression of metformin targets, including phospho-AMPK, phospho-AKT and 

Ras-Mitogen activated protein kinase (Ras-MAPK). Two of the studies analyzed serum and 

reported a reduction in insulin and IGF-1 levels with metformin treatment [67, 68]. One 

study, conducted at Chiba University in Japan, reported that the concentration of metformin 

in the cancer tissue was approximately 20% of the plasma metformin concentration. This 

was an important step forward in the field, since it was the first evidence that metformin 

actually reaches measurable concentrations in tumors [68].

Cervical cancer

Worldwide, cervical cancer is among the most common female cancers with over 528,000 

new cases and 266, 000 deaths in 2012 [69]. In the United States, the incidence of cervical 

cancer is decreasing [70]. However, patients with advanced stage or relapsed cervical cancer 

continue to have a five-year survival of only 10-20% [71]. mTOR overexpression has been 

associated with a poor prognosis in cervical cancer [72-74]. Recently, a phase ll trial of the 

mTOR inhibitor, Temsirolimus, in patients with advanced cervical cancer resulted in 9 

patients (57.6%) with stable disease after treatment [75]. Since metformin also inhibits 

mTOR there is strong rationale for evaluating metformin as a protective agent in cervical 

cancer.

Pre-clinical studies in cervical cancer—There have been few studies of the effects of 

metformin in cervical cancer as compared to those in ovarian and endometrial cancers. The 

in vitro molecular effects of metformin in cervical cancer are outlined in Table 1. Three 
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studies using cell lines have reported inhibition of cervical cancer growth with metformin 

treatment [76-78]. Metformin's anti-proliferative effect in cervical cancer appears to be due 

to induction of apoptosis and autophagy [76], rather than the induction of cell cycle arrest 

found in other gynecologic cancers. In cervical cancer cells, metformin activates AMPK and 

alters its downstream targets [76, 78]. Of note, Xiao et al. found that metformin's effect in 

cervical cancer cells was reliant on intact LKB1 [76]. This may be clinically relevant, since 

20% of cervical cancers have LKB1 mutations [79]. The novel molecular mechanisms of 

action of metformin that have been identified in in vitro studies of cervical cancer include 

targeting Wnt/β-catenin signaling [77], inhibition of FOXM1 signaling [78], and the 

inhibition of heme oxygenase-1 expression, which sensitizes cervical cancer cells to 

paclitaxel [80]. Metformin has not been tested in animal models of cervical cancer.

Clinical studies in cervical cancer—To the best of our knowledge there have been no 

epidemiologic studies evaluating the association between metformin use and cervical cancer 

risk or survival.

Ongoing clinical trials in gynecologic cancers

Based on the abundance and consistency of the findings in epidemiologic and pre-clinical 

studies, the evaluation of metformin as a treatment for endometrial and ovarian cancer 

appears to be warranted. There are currently a number of registered trials testing metformin 

as a treatment for endometrial or ovarian cancer [81] (Table 4). The University of Chicago 

(PI S.D Yamada) is conducting a phase II trial in ovarian cancer in which newly diagnosed 

patients are treated upfront with either metformin or placebo in addition to standard 

chemotherapy. After completion of chemotherapy, the patients continue metformin or 

placebo for 2 years as maintenance therapy (NCT02122185). The University of North 

Carolina and the Gynecologic Oncology Group (PI V. Bae-Jump) is conducting a phase 

II/III trial in endometrial cancer in which patients with advanced or recurrent disease are 

treated with either metformin or placebo in addition to paclitaxel and carboplatin 

(NCT02065687). Both of these trials are enrolling non-diabetic patients and are using doses 

of metformin prescribed for diabetes treatment (850 mg bid). Translational studies 

embedded in the trials are aimed at determining whether metformin's anticancer effect is a 

result of systemic alterations in insulin and glucose, a direct effect on the cancer cell, or 

both. There are no ongoing trials of metformin as primary prevention of gynecologic 

malignancy or as adjuvant treatment for cervical cancer. Certainly, if the treatment trials 

have a positive result then it would be a natural progression to initiate primary prevention 

trials of metformin in endometrial and ovarian cancer.

Limitations

While reports attributing a potential protective effect to metformin in gynecologic 

malignancies have rapidly increased, there are at least two significant limitations in the 

published studies. First, the in vitro studies use supra-physiologic doses of metformin, 

ranging from 165 to 6,600 mg/l (human therapeutic plasma levels = 0.465 to 2.5 mg/l) [13]. 

Proving efficacy using physiologic doses is critical if metformin is to be validated as a 

cancer therapeutic. Second, the clinical studies have analyzed patients who were using 

metformin for diabetes, leaving the question of metformin's ability to protect against cancer 
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in patients without diabetes unanswered. The ongoing clinical trials of metformin as a 

cancer therapeutic in non-diabetic patients (Table 4) will overcome this limitation. If these 

clinical trials fail to show that metformin has beneficial effects, the biological rationale for 

targeting tumor metabolism is sufficiently compelling that testing new molecularly targeted 

therapies or a more potent biguanide, such as phenformin, could be justified.

Future Directions

When the molecular mechanisms of metformin in gynecologic malignancies are understood, 

the process of predictive biomarker identification can begin. It is unlikely that metformin 

will have a protective effect in all cancer patients and may even be harmful to some. 

Identifying a molecular or metabolic signature that identifies patients most likely to benefit 

from metformin will optimize its use as a cancer treatment. For example, it has been shown 

that p53 is involved in mediating the energy-conserving response to AMPK activation and 

that loss of p53 heightens the metformin-induced energy stress on cancer cells [82], raising 

the interesting possibility that metformin may have increased efficacy in p53-deficient 

tumors, like ovarian cancer. In addition, recent studies showed that cancer cell lines with 

mutations in mitochondrial DNA genes have an increased response to metformin [83]. 

Perhaps these mitochondrial mutations might identify a subset of patients who would have a 

particularly positive response to metformin.

If metformin advances as a cancer therapeutic, it will also be important to identify the 

clinical scenarios where metformin will have the greatest impact. One can envision 

metformin being used as either prevention or adjuvant treatment. In the context of primary 

prevention, patients at high risk for cancer (i.e. BRCA or HNPCC mutation carriers) might 

use metformin as a chemopreventive agent until the time of risk reducing surgery. For 

secondary prevention, patients might take metformin as maintenance therapy to delay 

recurrence. In the setting of adjuvant treatment, metformin might be added to Carboplatin/

Taxol for chemo sensitization. For endometrial cancer treatment, metformin might be used 

as a fertility-sparing approach for grade 1 disease confined to the endometrium.

Conclusion

There is increasing evidence that metabolic reprogramming in malignancy promotes a 

tumor's ability to rapidly proliferate, even under conditions of stress [84]. This has resulted 

in a surge of interest identifying novel agents that target the metabolic abnormalities in 

cancer. Metformin is at the forefront of this effort. The drug's long record of safety and low 

cost ($40/year) make it an attractive candidate for repurposing as a cancer therapeutic. In 

gynecologic malignancies, clinical studies suggest that metformin use is associated with 

improved survival and preclinical studies support anti-cancer effects of metformin in 

endometrial, ovarian, and cervical cancer. However, it remains to be determined whether 

metformin at standard therapeutic doses will improve survival from gynecologic 

malignancies in patients without diabetes. Ongoing prospective clinical trials in endometrial, 

ovarian and breast cancer [85] aim to answer this question. If the results of clinical trials are 

positive, the drug may ultimately be included in our armamentarium of treatment and 

prevention. Until that time, the data on metformin in gynecologic malignancies should be 

regarded as both provocative and promising, but does not justify clinical use.
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Highlights

• We summarize the molecular mechanisms of action mediating metformin's 

protective effect in cancer.

• Review the preclinical and epidemiological evidence for metformin's potential 

role in gynecological cancers.

• Description of ongoing prospective testing of metformin in gynecologic cancers 

and future directions.
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Fig. 1. 
Possible mechanisms of action of metformin in cancer.
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Table 1

Molecular effects of metformin in gynecologic cancers in vitro

Molecular effect Ovarian CA Endometrial CA Cervical CA

Inhibits proliferation of cell lines Gotlieb, 2008 [26]
Rattan, 2011 [27]
Chan, 2012 [28]
Wu, 2012 [29]
Lengyel, 2014 [30]

Cantrell, 2010 [46]
Zhang, 2011 [47]
Hanna, 2012 [48]
Iglesias, 2013 [49]
Sarfstein, 2013 [50]

Xiao, 2012 [76]
Kwan, 2013 [77]
Yung, 2013 [78]

Activates AMPK and alters targets downstream of AMPK Gotlieb, 2008 [26]
Rattan, 2011 [27]
Liao, 2012 [31]
Lengyel, 2014 [30]

Cantrell, 2010 [46]
Xie, 2011 [59]
Zhang, 2011 [47]
Iglesias, 2013 [49]
Sarfstein, 2013 [50]

Xiao, 2012 [76]
Yung, 2013 [78]

Induces cell cycle arrest Rattan, 2011[27]
Yasmeen, 2011 [32]
Lengyel, 2014 [30]

Cantrell, 2010 [46]
Hanna, 2012 [48]
Iglesias, 2013 [49]
Sarfstein, 2013 [50]
Takahashi, 2014 [51]

None

Induces apoptosis and/or autophagy Yasmeen, 2011 [32]
Li, 2012 [33]

Hanna, 2012 [48]
Iglesias, 2013 [49]
Sarfstein, 2013 [50]
Takahashi, 2014 [51]

Xiao, 2012 [76]

Reduces invasion of cancer cells Wu, 2012 [29] Tan, 2011 [52] None

Synergistic with chemotherapy or hormone therapy Gotlieb, 2008 [26]
Yasmeen, 2011 [32]
Shank, 2012 [23]
Erices, 2013 [37]
Xie, 2014 [38]
Lengyel, 2014 [30]

Xie, 2011 [59]
Zhang, 2011 [47]
Hanna, 2012 [48]

Do, 2013 [80]
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Table 2

Molecular effects of metformin in gynecologic cancers in vivo

Molecular effect Ovarian CA Endometrial CA Cervical CA

Inhibits tumor growth in animal models Rattan, 2011 [34]
Shank, 2012 [23]
Wu, 2012 [29]
Lengyel, 2014 [30]

Iglesias, 2013 [49] None

Attenuates endometrial proliferation induced by estrogen. NA Zhang, 2013 [60] NA

Activates AMPK and alters targets downstream of AMPK Rattan, 2011 [34] None

Synergistic with chemotherapy or hormone therapy Rattan, 2011 [34]
Shank, 2012 [23]
Lengyel, 2014 [30]

Zhang, 2011 [47]
Hanna, 2012 [48]

None

Restricts growth of cancer stem cells Shank, 2012 [23]
Hu, 2014 [36]

None
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Table 3

Summary of clinical studies of metformin and gynecologic cancers

Cancer Type Outcome Study Design Finding Reference

Ovary Prevention Case control
Cases: n=1,611
Controls: n=9,170

Long-term use of metformin is 
associated with a trend toward 
decreasing ovarian cancer risk (OR 0.61, 
CI 0.30-1.35).

Bodmer, 2011 [39]

Ovary Survival Cohort: n=341
Diabetics: n=44
Metformin users: n=16

In uni-variable analysis, metformin use 
was associated with improved 
progression-free and overall survival. In 
multi-variable analysis, metformin users 
had decreased hazard for disease 
recurrence (HR 0.38, 95% CI 0.16-0.90).

Romero, 2012 [40]

Ovary Survival Case control
Cases: n=72 (ovarian 
cancer patients using 
metformin)
Controls: n=143 (ovarian 
cancer patients without 
diabetes)

In uni-variable analysis, metformin use 
was associated with improved overall 
survival. In multi-variable analysis, 
patients that did not use metformin had 
increased hazard for death (HR 2.7, 95% 
CI 1.4-5.4).

Kumar, 2013 [41]

Endometrial Prevention Case control
Cases: n=2,554
Controls: n=15,324
Cohort: n=1,241

No association between metformin use 
and risk of endometrial cancer.

Becker, 2013 [61]
Luo 2014 [62]

Endometrial Survival Cohort: n=1,495
Diabetics: n=363
Metformin users: n=200

Non-metformin users had 1.8 times 
worse RFS (95%CI: 1.1-2.9 p-0.02) and 
2.3 times worse OS (95%CI CI: 1.3-4.2 
p=0.005) after adjusting for age, grade, 
stage, histology and adjuvant treatment.

Ko, 2013 [63]

Endometrial Survival Cohort: n=985
Diabetics: n=250
Metformin users: n=114

Metformin use associated with improved 
OS (HR=0.57; 95% CI: 0.31-0.97, 
p=0.04) only in patients with non-
endometroid subtypes.

Nevadunsky, 2013 [64]

Endometrial Window of Opportunity Cohort: n= 11-15 Non-diabetic patients prospectively 
treated with metformin before surgery 
for endometrial cancer.

Schuler, 2013 [65]
Soliman, 2013 [66]
Laskov, 2014 [67]
Mitsuhashi, 2014 [68]

OR: odds ratio, CI: confidence interval, HR: hazards ration, RFS: recurrence-free survival, OS: overall survival
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Table 4

Ongoing clinical trials of metformin in gynecologic cancers

Cancer Study Design Outcome Reference

Ovary Phase II RCT
Upfront treatment and 
maintenance therapy

Progression-free survival in patients treated with metformin or 
placebo plus standard chemotherapy with metformin or 
placebo continued for 2 years. University of Chicago

NCT02122185
PI: S.D Yamada

Ovary Phase II
Historic controls

Recurrence free survival at 18 month in patients treated with 
metformin plus standard therapy. Molecular analysis focused 
on evaluation of metformin's effect on cancer stem cells. 
University of Michigan

NCT01579812
PI: R. Buckanovich

Ovary Phase I
Recurrent OvCa

Progression free survival following metformin and 
chemotherapy compared to the length of progression free 
survival resulting from the patient's immediate prior line of 
treatment. Fox Chase Cancer Center

NCT02050009
PI: A. Jain

Endometrial Phase II/III RCT
Advanced or recurrent cancer

Progression-free and overall survival in patients treated with 
metformin or placebo plus carboplatin and paclitaxel for 6 
courses. University of North Carolina

NCT02065687
GOG-0286B
PI: V. Bae-Jump

Endometrial Phase II single arm
Advanced or recurrent cancer

Clinical benefit rate from the combination of metformin, 
RAD001 (Everolimus), and Letrozole University of Texas MD 
Anderson Cancer Center

NCT01797523
PI: P. Soliman

Endometrial Phase III RCT
Normal endometrium

Effect of metformin on biomarkers in patients treated with 
metformin or placebo. University of Texas MD Anderson 
Cancer Center

NCT01697566
PI: K. Lu

Endometrial Phase II RCT
Early stage cancer

Metformin combined with levonorgestrel IUD. NCT01686126
PI: A. Obermair
NCT01968317
PI: X. Chen
NCT02035787
PI: K. Doll

Endometrial Phase IIa
Metformin before surgery.

Molecular changes in endometrial samples before and after 
metformin treatment

NCT01205672
PI: P. Soliman
NCT02042495
PI: S. Salvador
NCT01877564
PI: University of Arkansas
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