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Recent studies showed that metformin, the most commonly used first-line oral
drug for the treatment of type 2 diabetes (T2DM), could prevent and treat various
cancers. And many preclinical studies showed that metformin can inhibit the
growth of cancer cells in vitro and in vivo. Moreover, multiple evidence sug-
gested that metformin inhibited cancer invasion and metastasis, which could im-
prove the prognosis of cancer patients administrated with metformin. In this
summery, we aimed to discuss the possible relationship between breast cancer
and metformin use in T2DM from the risk, incidence, response to therapy, prog-
nosis, resistance, and post-therapeutic relapse in cancers. Although some of the
controversal studies described, there is no doubt that metformin use in T2DM is
benifical for breast cancer.
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1. Background

The incidence and rising rates of diabetes is a serious concern in the medical field around the globe. Worldwide,
the World Health Organization (WHQO) data estimate nearly 422 million diabetes affected individuals in 2014, a
sharp rise when compared to the 108 million diabetes affected individuals in 1980 [1]. Data projections suggest that
the global diabetes prevalence of 8.8% in 2017 will further increase to 9.9% by 2045 [2]. Cancer currently ranks
among the leading causes of death globally. Cancer invasion and metastasis transform locally grown cancers to a
systemic and life-threatening disease, which accounts for the most significant challenge in cancer treatment. Breast
cancer is the most common type of cancer in women [3]. It is one of the detectable cancers in women. With the
detection of breast cancer in early stages, morbidity and mortality rates decrease, and life expectancy is significantly
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prolonged. Both mammary mass and breast density can be evaluated during mammograms. Increased mammo-
graphic breast density (MBD) is known to be associated with an increased risk of developing breast cancer [4] [6] [7]
[8]. Diabetes has been found to be a risk factor for breast cancer in some studies, and patients with diabetes may
have poorer outcomes than nondiabetic patients [11-14].

Metformin is widely used in the treatment of type 2 diabetes mellitus to increase insulin sensitivity and improve
glycemic control. The potential anticancer effects of biguanides, among them metformin (MF), were first described
more than 50 years ago [9]. Unfortunately, biguanide use as cancer and geroprotectors advocated for by Vladimir
Dilman was nearly ceased after phenformin withdrawal from clinical practice in the 1970s due to some cases of
phenformin-associated lactic acidosis. Afterwards and for a rather long time, MF, although widely used in diabetes,
was not regarded as an anticancer agent [10].

In 2005, an observational study using data from Tayside, Scotland, reported a significant 23% reduction in the
incidence of any cancer with metformin use, thus putting forward the hypothesis that metformin could lower the risk
of cancer onset in patients with diabetes [5]. This study generated great interest in metformin as an agent in the
prevention and treatment of cancer.

The reinforced link between diabetes and cancer and/or breast cancer has generated interest in studying the ef-
fects of widely prescribed anti-hyperglycemic/anti-diabetic drugs on the risk, incidence, progression, response to
therapy, resistance, and post-therapeutic relapse in cancers [1]. A study cohort consisted of 5,644 women (4,500
postmenopausal) who participated in the Danish Diet, Cancer, and Health cohort (1993-1997) and subsequently
attended mammographic screening in Copenhagen (1993-2001), which get a conclusion: Having diabetes con-
trolled by diet or oral atidiabetic agents is associated with a decrease in mammographic density (MD), whereas
taking insulin is associated with an increase in MD [15].

In this summery, we aimed to discuss the possible relationship between breast cancer and metformin use in
T2DM.

2. Metformin Use in T2DM and Breast Cancer Risk

Well-tolerated and commonly used medications are increasingly assessed for reducing breast cancer risk, in-
cluding metformin, which linked to reduced hormone availability and cell proliferation or growth. In the past, some
epidemiological studies have suggested that metformin is associated with a reduced breast cancer risk [16-25].
However, Bridget A et al. [35] reported that while data regarding the effect of metformin on BC incidence are
inconsistent, with several studies showing a risk reduction [26-29] and others showing no benefit [30-32] or in-
creased risk [33], a meta-analysis comparing metformin users to nonusers demonstrated a 6% risk reduction in the
incidence of BC in metformin users [34], In recent studies, metformin has been reported to be associated with sig-
nificant reductions in the risk of breast cancer [36-38]. Erica J et al reported that metformin use was associated with
lower percent dense area (PD) and higher non-dense area (NDA), but associations were attenuated by
co-medication with statins [39]. However, Findings of studies provide no support for a reduced risk of breast cancer
after metformin use [40, 41]. In addition, one study provides evidence that there was no difference in risk of cancer,
or cancer sub-types, when comparing sulphonylurea to metformin as initial monotherapy [42]. Metformin has been
reported to be associated with significant reductions in the risk of breast cancer, however, it has been claimed that
the negative metformin association reported in many observational studies resulted from time-related biases. A
number of more recently published studies that accounted for time-related biases did not find negative associations
of metformin use with the incidence of lung breast cancer [43]. In conclusion, future prospective studies and large
consortiums with better assessment of type 2 diabetes and its time varying treatment, control, and sequelae and
comprehensive standardised reporting of analyses are needed to draw firmer conclusions.

3. Metformin Use in T2DM and Prognosis of Breast Cancer

A cancer-preventive advantage associated with metformin does not necessarily imply effective therapeutic ef-
ficacy in those patients with diabetes and established cancers. It is unclear whether the use of metformin could also
translate into better clinical outcomes for patients with cancer who also receive standard cancer therapy. De Censi
et al. randomly divided 200 non-diabetic breast cancer patients into the metformin group and the placebo group. The
results showed that metformin has a role in the treatment of breast cancer [51]. In a retrospective analyses of
neoadjuvant chemotherapy administered at MD Anderson Hospital, breast cancer patients with diabetes who were
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on metformin had a significantly higher frequency of complete response (24%) compared to patients with diabetes
who did not use metformin (8%), as well as compared to patients without diabetes (16%; p = 0.02) [50]. And re-
cently Jiralerspong et al. reported a threefold greater pathologic complete response rate in patients with diabetes and
breast cancer who received metformin during neoadjuvant chemotherapy compared with those who did not receive
metformin (odds ratio: 2.95; 95% confidence interval [CI]: 1.07-8.17) [44]. However, despite the increase in the
pathologic complete response, metformin did not significantly improve the estimated 3-year relapse-free survival
rate in this study.

A Canadian population-based study of women >66 years of age with diabetes and BC failed to show a significant
association between metformin therapy and all-cause mortality (adjusted HR, 0.97; 95% CI, 0.92-1.02) or
BC-specific mortality (adjusted HR, 0.91; 95%Cl, 0.81-1.03) using a cumulative time-varying exposure approach
[59]. But, the use of metformin in standard cancer therapy might improve both overall and cancer-specific survivals
of diabetic patients with breast cancer [45]. In addition, In one cohort of patients with type 2 diabetes receiving
systemic chemotherapy for invasive BC, the use of metformin was not associated with improved outcomes, and it is
noteworthy that in this cohort of patients with primarily stage Il and 111 BC requiring chemotherapy in the setting of
comorbid disease, the 5-year event rates were considerably lower than historical series [46]. Patients receiving
metformin treatment when breast cancer diagnosis show a better prognosis only if they have hormone recep-
tor-positive, HER2-positive tumors [49]. One study findings suggest that metformin use during adjuvant chemo-
therapy does not significantly impact survival outcomes in diabetic patients with TNBC [47]. In contrast, He et al.
found that metformin users are associated with better clinical outcomes than nonusers in diabetics with stage
HER2+ breast cancer. The choice of antidiabetic pharmacotherapy may influence prognosis of this group [48].

The impact of metformin on breast cancer recurrence remains unclear. A well-known method for assessing risk
for disease recurrence in early-stage, hormone-positive breast tumors is the Oncotype DX (ODX) genomic assay
(Genomic Health Inc., Redwood City, CA, USA). ODX provides a recurrence score (RS) from 0 to 100, with higher
scores indicating a higher probability of distant recurrence. In a prior study of 671 patients, metformin was asso-
ciated with lower ODX recurrence score, as was diagnosis of diabetes [52]. However, Serena Tharakan et al. shown
that neither diabetes diagnosis nor metformin treatment had a significant impact on ODX RS [53]. In addition, some
studies reported that metformin can reduce the risk of recurrence and metastasis, so metformin may be beneficial to
the prognosis of breast cancer patients [54-56]. And studies shown that metformin can directly inhibit the invasion
and metastasis of triple-negative, HER-2-positive breast cancer cell lines [57, 58], so metformin can inhibit the
metastasis of breast cancer, but the specific mechanism is unknown. This is the opposite of the above.

4. Mechanisms of Metformin’s Anti-invasion and Migration Effects

MF’s road to clinical oncology was a long and winding one. Slightly optimistic reports are sometimes shadowed
by the ones pointing at the data controversy or stating the lack of correlation between MF therapy and cancer
morbidity. Although some of the controversy described could be attributed to inherent bias of the methods used,
there is no doubt that MF (as many other agents) displays a high variability of effects, which also can be intrinsic for
its antineoplastic action. Among other causes, this variability can be explained by differences in tissue response to
MF, the role of its dosage and pharmacokinetics and of course the difference in individual metabolic and genetic
characteristics of patients [60]. The initial step in local tissue invasion involves activation of signal transduction
pathways that control cytoskeletal dynamics of cancer cells, then the turnover of cell matrix and cell connections,
and finally, cancer cells actively migrate to adjacent tissues [61, 62]. Cancer cells have excellent adaptability to
different environmental conditions and the ability to have more migration strategies [63, 64]. Acquiring an invasive
behavior involves the activation of signaling pathways related to cytoskeleton dynamics, as well as the transfor-
mation of cell matrix and cell-to-cell adhesion [64]. Although many strategies for the treatment of cancer have been
exploited, clinical use will be restricted due to the aggressiveness of various forms of cancer. Therefore, cancer
invasion and metastasis pose the most significant challenge in cancer eradication. Pleiotropic anticancer effects of
metformin have been demonstrated both in vitro and in vivo, on a number of main molecular pathways, and in
cellular and metabolic processes [65].

Metformin inhibits invasion and migration through the AMPK signaling pathway: Metaformin inhibits hepatic
gluconeogenesis, thus decreasing circulating glucose levels, and it increases insulin sensitivity, thus reducing cir-
culating insulin levels. Intracellularly, metformin activates AMPK, which decreases protein synthesis and cell
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proliferation. The canonical view is that metformin bactivates 5 AMP-activated protein kinase (AMPK) in cancer
cells leading to metabolic reprogramming and inducing a limit on utilisation of nutrient resources, subsequently
halting proliferation [66]. In laboratory models, metformin stimulates AMP-activated protein kinase activity, thus
inhibiting the mammalian target of rapamycin (mTOR) and this inhibition negatively affects protein synthesis in
cancer cellsm [67-70]. During combined treatment with ursolic acid (UA), the invasion and metastasis of breast
cancer cells can be inhibited. These effects were accompanied by down-regulation expression of CXCR4, uPA,
vimentin, E-cadherin, N-cadherin, and MMP-2/9 proteins and AMPK/ m-TOR signaling pathways regulation [71].
Transcriptomic profiling of tumour samples is an excellent tool to understand drug bioactivity, identify candidate
biomarkers and assess for mechanisms of resistance to therapy. In vitro assays showed that, in contrast to previous
studies in models of normal cells, metformin reduces fatty acid oxidation with a subsequent accumulation of
intracellular triglyceride, independent of AMPK activation [72]. This clinical study suggests that, at least at the
transcriptomic level, metformin modifies fatty acid oxidation (FAO) in primary breast cancer at therapeutic dosing,
resulting in adaptation of the fatty acid desaturation pathway. Consistent with this observation, levels of short-chain
acyl-carnitines were decreased in the tumour tissue of metformin treated patients. The positive correlation between
changes in mitochondrial FAO gene transcription and expression of a proliferation signature suggests that mito-
chondrial FAO response to metformin treatment may link to therapeutic benefit. Prior preclinical studies of met-
formin’s effects on FAO have demonstrated that increased FAO in an AMPK-dependent manner with a resultant
decrease in cellular lipid content [73-77]. But, growing evidence suggests that metformin modulates mitochondrial
metabolism at clinical doses [78, 79], and inhibition of complex 1 of the mitochondrial respiratory chainis consi-
dered to be the main mechanism [80, 72].

Metformin has an inhibitory effect on the source and synthesis of estrogen. Fat is one of the important sources of
estrogen. Metformin can reduce the body fat and body weight in patients [81]. Aromatase is a key enzyme in es-
trogen synthesis. Metformin can inhibit aromatase by activating AMP-activated protein kinase (AMPK) pathway,
AMPK/leptin pathway [82], and downregulation of ERK, IL-8 and other pathways [83, 84]. Metformin also inhibits
estrogen signaling and response. Considering that metformin can inhibit the proliferation of MCF-7 cells (luminal A
type breast cancer), arrest cell cycle and induce apoptosis [85]. So metformin has a certain effect on the treatment of
luminal type breast cancer. Mea et al [86] showed that metformin has the allosteric regulation of ERa receptor in
MCF-7 cells. Other studies have shown that metformin can downregulate the expression of ER and increase the PR
expression in MCF-7 cells [87, 88]. However, Berstein et al. [89] showed that metformin has no effect on PR level
in MCF-7 cells, but attenuated the PR induction by estradiol. Therefore, the effect of metformin on molecular typing
of breast cancer needs further study.

Metformin inhibits invasion and migration through EMT signaling pathways: EMT refers to the transformation
process of epithelial cell to mesenchymal cells under specific physiological and pathological conditions, which is
closely related to the invasion and metastasis of tumor. Activation of EGFR is one of the important mechanisms of
EMT in breast cancer cells [90]. MMP-2, E-cadherin and N-cadherin are important downstream markers of EMT.
miRNAs have been shown to participate in various biological processes, such as playing vital roles in EMT and
invasion and migration of cancer. Earlier, it was suggested that metformin inhibited EMT by regulating the ex-
pression of MiRNAs, thereby inhibiting cancer invasion and migration. It was also shown that metformin incubation
increased miR-200c expression in breast cancer cells and inhibited EMT and cancer invasion and migration [91].

Inhibition of TGFp family proteins: In breast cancer, it was shown that TGF-f elicited a significant increase in
cellular proliferation, migration, invasion, and motility. However, these effects can be abolished by a specific in-
hibitor against TGF-B receptor I and metformin, when used singly or in combination [64]. Growth differentiation
factor 15 (GDF-15), a suggested biomarker for metformin use, may explain the potential cardio protective and
anti-cancer properties of metformin. The association of metformin use with GDF-15 remained after adjusting for
glycaemic traits, such as HbAlcand glucose, which suggests GDF-15 could be a potential non-glycaemic effect of
metformin use, possibly explaining the effect of metformin on other health outcomes, including coronary artery
disease (CAD) and cancer [92]. Observationally, GDF-15 is positively related to Cardiovascular disease (CVD) and
cancer and this association could be driven by reverse causation, confounding and selection bias. However, Shiu
Lun Au Yeung et al. [93] reported that GDF-15 was not associated with type 2 diabetes, glycaemic traits, Coronary
artery disease (CAD), risk factors or colorectal cancer [94, 95].

Inhibiting cancer invasion and migration through other mechanisms: a review: In addition to the above pathways,
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metformin also affects the invasion and migration of cancer via other mechanisms. It was discovered that metformin
works by alleviating oxidative stress and inflammatory signaling through the COX2 pathway, thereby inhibiting
migration and invasion breast cancer [96]. And metformin suppresses the proliferation and invasion of
drug-resistant breast cancer cells by increasing the expression and localization of the cell membrane of Scribble
(SCRIB, a cell polarity protein) [97]. In addition, Liu, B. et al. have shown that erbB2 altered breast cancer cells are
less sensitive to the anti-proliferative effects of metformin than triple negative cells, and have described the dif-
ferences of molecular mechanisms of metformin action by tumor subtypes. We hypothesized that metformin may be
more effective against trastuzumab-resistant erbB2-overexpressing breast cancer cells because it targets the critical
signaling pathways that are altered with resistance [98]. Metformin also can overcome the drug resistance of the
endocrine drug tamoxifen, and enhance the therapeutic effect of the anti-estrogen drug fulvestrant on breast cancer
by up-regulating CycG2 [99, 100].

In summary, metformin use inhibits cancer cell invasion and migration in breast cancers. The present study has
summarized type2 diabetes patients with the metformin use on the risk, incidence, progression, response to thera-
py, resistance, and post-therapeutic relapse in breast cancer. There is no doubt that metformin is one of the most
effective drugs that can inhibit cancer progression and has the potential for use in clinical practice. However, more
clinical trials and basic research on this subject is needed.
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