
Introduction

Metformin, a biguanidine derivative (Figure 1), acquired

from Galega officinalis seeds, is an herb that was already

known in ancient Egypt [1]. For over 500 years it has been

used in the treatment of type 2 diabetes, particularly in

obese individuals. The prevalence of diabetes is dramati-

cally increasing worldwide reaching epidemic proportion.

Both diabetes and obesity constitute a global health prob-

lem in the 21

st

century, and are linked to the frequent man-

ifestation of malignant tumours [2-4]. 

The results of numerous preclinical and clinical studies as

well as increasing epidemiologic evidence suggests that

metformin, one of the most favourable first-line antidia-

betic drug, could inhibit cancer cell growth and prolifera-

tion and reduce all-cancer incidents [5-7]. By reducing the

liver’s blood glucose raising effect, metformin helps to

lower blood glucose levels through the day (Figure 1).

However here the authors would like to stress the antineo-

plastic benefit of this drug.

Hypothesis

Here the authors present a hypothesis that metformin-

drug applied in type 2 diabetes can help control the metas-

tasis of cancer via elimination of the cancer stem cells

(CSCs) and may provide a new therapeutic direction

against diabetes combined with malignant tumour.

The main assumptions of our hypothesis are: 1) elderly

patients with diabetes and tumour diseases are very often

represented in clinical practice, 2) new evidence from clin-

ical studies has demonstrated the potential benefits of an-

tidiabetic drug metformin on cancer therapy, 3) anticancer

activity of metformin in the elderly has a remarkable clin-

ical impact, 4) metformin restricts the growth of human

cancer stem cells, and 5) elderly diabetic patients using

metformin could have lower risk of dying from cancer

compared with other patients in the same age group.

Epidemiologic evidence for a potentiating effect of met-

formin on cancer patient survival

Numerous populational studies have demonstrated that

metformin used in the treatment of diabetes type 2 reduces

both incidence and mortality due to malignant tumours in

various localisations [5-12]. The results of studies in Scot-

land, which lasted for nine years and included over 11,000

patients with diabetes type 2, have documented a 23% re-

duction in morbidity due to malignant tumours in patients

Revised manuscript accepted for publication March 22, 2018

EJGO European Journal of
Gynaecological Oncology

7847050 Canada Inc.
www.irog.net

Eur. J. Gynaecol. Oncol. - ISSN: 0392-2936

XXXIX, n. 6, 2018

doi: 10.12892/ejgo4677.2018

Could there be a role for the antidiabetic drug 

metformin in oncological treatment?

A. Markowska

1

, S. Sajdak

2

, J. Markowska

3

, A. Huczyński

4

1Department of Perinatology and Women's Diseases, 2Department of Gynecological Surgery, 3Department of Oncology, Poznan University of Medical Sciences
4Department of Bioorganic Chemistry,  Faculty of Chemistry, Adam Mickiewicz University, Poznan (Poland)

Summary

Diabetes and tumour diseases are serious health problems in the elderly population. Several studies have suggested  that patients with

diabetes are at significantly higher risk of cancer. On the other hand, epidemiologic evidence suggests that some drugs used to treat hy-

perglycemia are associated with reduced risk of cancer. Metformin, the drug applied in type 2 diabetes, has been shown to reduce in-

cidence and mortality due to malignant tumours in various localities. A hypothesis is presented which seeks to explain the anticancer

effects of metformin. Empirical data from the scientific literature is used to support the hypothesis that metformin restricts the growth

of human cancer stem cells (CSCs). The LKB1/AMPK  (liver kinase B1/AMP activated protein kinase) mechanism of the antineo-

plastic action is pleiotropic, involving the activation of the LKB1/AMP pathway, which inhibits mTOR signalling, inhibits STAT-3

phosphorylation, arrests cell cycle at the G1 phase, inhibits cyclin D1 activity, reduces insulin levels, as well as IGF-1, TNFα, and  IL-

6 levels which reduce proliferation leading to apoptosis of neoplastic cells. In various tumours, including gynaecological cancers, met-

formin eliminates cancer stem cells (CSCs). Repositioning metformin as a possible antineoplastic option seems promising. The present

authors suggest here that metformin could be a valuable tool for clinicians to help reduce cancer risk in elderly adults with diabetes.

Key words: Metformin; Ovarian cancer; Endometrial cancer; Cancer stem cells; Diabetes.

Review Articles



A. Markowska, S. Sajdak, J. Markowska, A. Huczyński868

treated with metformin, as compared to those treated with

derivatives of sulphonylurea [5]. Subsequent case-control

type studies in Scotland, conducted on over 12,000 patients

treated due to type 2 diabetes have shown that malignant tu-

mours were detected in 7.3% of individuals treated with

metformin, compared to 11.6% of those treated with other

anti-diabetics [6]. Canadian epidemiological observations

of over 10,000 patients with type 2 diabetes have demon-

strated a reduction in mortality due to malignant tumours in

metformin-treated patients with type 2 diabetes, as com-

pared to patients treated with sulphonylurea derivatives and

insulin (3.5% vs. 4.9% vs. 5.8%) [12]. 

Similar data have been revealed in the ZODIAC study in

Holland: among over 1300 patients with type 2 diabetes,

those treated with metformin manifested reduced mortal-

ity due to malignant tumours (HR 0.43), as compared to

those treated with other anti-diabetic agents [13]. Gandini

et al. [10] presented the results of a meta-analysis of data-

bases including 65,540 diabetic patients diagnosed with

cancer. In metformin-treated patients, morbidity was re-

duced by 31% (RR 0.69) and mortality by 34% (RR 0.66),

compared to the patients treated with other anti-diabetic

agents. 

Response of cancer cells and cancer stem cells to met-

formin

The mechanism of the antineoplastic action of metformin

is complex and involves several pathways of activity,

mainly [14-18]: 1) activation of liver kinase B1/AMPK

pathway. Activation of LKB1 by metformin involves

AMPK which inhibits mTOR (mammalian target of ra-

pamycin). This action results in the inhibition of protein

synthesis, the inhibition of angiogenesis (due to reduced

VEGF expression) and of cell proliferation, and a reduced

expression of Glut-1 (glucose transporter type 1) and COX-

2 which leads to cell apoptosis. 2) Direct inhibitory effect

on mTOR with the consequences mentioned above. 3) Sup-

pression of phosphorylation STAT3 (signal transducer and

activator of transcription) involving expression of genes

linked to cell survival, which results in their reduced pro-

liferation and apoptosis. 4) Arrest of cell cycle at G1 phase

and inhibition of cyclin D
1
, which reduces cell prolifera-

tion. 5) Reduction in levels of circulating insulin and IGF1,

exerting a mitogenic effect on neoplastic cells. 6) Reduced

production of TNFα and IL-6 cytokines due to the inacti-

vation of the nuclear kappa factor (NF

k

B) and HIF-1α,

which amplifies anti-inflammatory and anti-angiogenic ef-

fects. 7) Elimination of cancer stem cells, linked to cancer

origin, resistance to chemo- and radiotherapy to tumour re-

lapses and metastases.

Over the last decade metformin has been found to eradi-

cate CSCs in various types of malignant tumours. In breast

cancer it targets HER-2 positive cells of the CD44/CD24

phenotype, interacting with the monoclonal antibody of

trastuzumab [19]. The inhibitory effect of metformin on

CSCs has been demonstrated in various types of malignant

tumours in in vivo and in vitro studies [20-22]. In ovarian

cancer, the CSCs-eliminating action of metformin can be

noted in the form of the reduced expression of -ALDH+,

CD44+, and CD117+ markers, typical of ovarian cancer

Figure 1. — Direct and indirect effects of metformin on cancer.
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and epithelial-mesenchymal transition (EMT) [23]. 

In their review paper, Dilokthornsakul et al. (24) quoted

the results of two retrospective studies on patients with

ovarian cancer additionally treated with metformin. In met-

formin-treated patients (72 patients) five-year survival was

noted in 73% cases, as compared to 44% (143 patients) who

did not receive metformin (p = 0.0002). No effect of tu-

mour advancement according to FIGO was detected. The

second of the two retrospective studies on women suffering

from diabetes and ovarian cancer (341 patients) confirmed

the favourable effect of metformin on survival: 63% of

women using metformin survived five years as compared to

23% women treated with other anti-diabetics.

Studies by Hirsch et al. [22] have suggested that met-

formin eliminated CSCs, acting synergistically with

chemotherapy. Such an effect of metformin on the sup-

pression and eradication of CSCs has also been presented

by Gadducci et al. [14] in various “gynaecological” can-

cers, including endometrial cancer. 

According to the studies related to the effect of met-

formin on the course of endometrial cancer, both progres-

sion free survival and overall survival have shown

significant extension. Metformin mainly reduced the abil-

ity of endometrial cancer cells to migrate and, therefore, to

metastasize [25, 26]. Repositioning metformin as a possi-

ble antineoplastic option seems promising and suggests that

metformin might improve cancer prognosis. [14, 15, 24-

27].

Conclusion

According to several papers discussed above, the use of

metformin in the treatment of gynaecological cancers (but

not only) may provide a new, additional therapy option. The

present authors suggest that metformin could be a valuable

tool for clinicians to help reduce cancer risk in the elderly

with diabetes.
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