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Abstract Obesity is one of the most important known
preventable causes of cancer, accounting for up to 20% of
cancer deaths in women. Obese women have increased risk
of dying from breast cancer as well as an increased risk of
distant metastasis. Metabolic Syndrome (MetSyn) is a
group of metabolic conditions that include 1) abdominal
obesity, 2) atherogenic dyslipidemia, 3) elevated blood
pressure, and 4) insulin resistance. MetSyn is known to
promote the development of cardiovascular disease and
diabetes and may be associated with increased breast cancer
risk. Emerging evidence supports an association between
mammary adipocytes and their secreted adipocytokines and
breast cancer initiation and progression. Metformin (1,1-
dimethylbiguanide hydrochloride) is a drug used to treat
type 2 diabetes and MetSyn. We review the potential
association between MetSyn in promoting breast cancer
and emerging evidence for the use of metformin in cancer
prevention.
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Introduction

Obesity is a known preventable cause of cancer, accounting
for up to 20% of cancer deaths in women, with the highest
bodymass index (BMI) category (BMI>40 kg/m2) conferring
higher risk [1]. Previous studies have shown an association
between postmenopausal breast cancer risk and excessive
body weight, and this association is increased in women with
a positive family history of breast cancer [2, 3]. In addition,
women who are obese have an increased risk of dying
from breast cancer as well as an increased risk of distant
metastasis [4, 5]. Studies investigating the molecular basis for
the association between breast cancer and increased adiposity
have focused on differences in circulating hormones,
such as estrogen and insulin, in normal-weight versus
obese individuals. However, emerging studies provide
evidence that mammary adipocytes and their secreted
adipocytokines may influence breast cancer proliferation
and invasion [6, 7]. Metformin belongs to the biguanide
class of oral hypoglycemic agents that is prescribed to
over 120 million type 2 diabetes patients worldwide.
Recent epidemiologic studies and studies in women with
breast cancer provide evidence that metformin may reduce
cancer risk and/or improve cancer prognosis. Work by
Zakikhani et al. [8] demonstrated that metformin inhibits
the growth of breast cancer cells in an AMPK-dependent
manner. Several tumor suppressors are involved in the
AMPK signaling network, and activated AMPK results in
suppression of cell proliferation in normal and tumor cells
in both in vitro and in vivo studies. Metformin regulates
the AMPK/mTOR pathway, which is implicated in the
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control of protein synthesis and cell proliferation. Recent
evidence suggests that metformin may also regulate stem
cell turnover via modulation of cytokine signaling. Taken
together, these studies provide support for future clinical
studies using metformin for either breast cancer prevention or
in combination with cytotoxic chemotherapy.

Metabolic Syndrome: Definition, Diagnosis,
and Treatment

What is the Metabolic Syndrome?

The Metabolic Syndrome (MetSyn) is characterized by a
group of metabolic risk factors occurring in an individual.
These metabolic risk factors include abdominal obesity,
atherogenic dyslipidemia (high triglycerides, low high-
density lipoprotein [HDL] cholesterol and high low-density
lipoprotein [LDL] cholesterol), elevated blood pressure,
insulin resistance or glucose intolerance, a proinflammatory
state (eg, elevated C-reactive protein), and a prothrombotic
state (eg, high fibrinogen or plasminogen activator inhibitor-1)
[9, 10]. Individuals with the MetSyn are at increased risk of
coronary heart disease, stroke, peripheral vascular disease,
and type 2 diabetes. It is estimated that over 50 million
individuals living in the United States have MetSyn. The
dominant underlying risk factors for this syndrome
appear to be abdominal obesity and insulin resistance [9,
10]. Additional risk factors for MetSyn include physical
inactivity, aging, polycystic ovarian disease, and a genetic
predisposition to insulin resistance. Acquired risk factors for
MetSyn include central adiposity and physical inactivity,
both of which can elicit insulin resistance and the MetSyn [9,
10]. Most people with insulin resistance have abdominal
obesity [9, 10]. The biologic relationships at the molecular
level between insulin resistance and metabolic risk factors
are not fully understood and appear to be complex.

Diagnosis of the MetSyn

There are no well-accepted criteria for diagnosing MetSyn
[9, 10]. The criteria proposed by the National Cholesterol
Education Program (NCEP) Adult Treatment Panel III (ATP
III), with minor modifications, are currently recommended
for diagnosis of MetSyn [9, 10]. The American Heart
Association (AHA) and the National Heart, Lung, and
Blood Institute (NHLBI) recommend that MetSyn be
identified as the presence of three or more of the following
components: 1) elevated waist circumference (men≥40
inches [102 cm], women≥35 inches [88 cm]; 2) elevated
triglycerides (≥ 150 mg/dL); 3) reduced HDL cholesterol
(men<40 mg/dL, women<50 mg/dL); 4) elevated blood

pressure (≥ 130/85 mm Hg); 5) elevated fasting glucose
(≥100 mg/dL).

Biologic Overlap of the MetSyn, type 2 Diabetes,
and Cardiovascular Disease

There is significant overlap between MetSyn, Type 2
diabetes, and cardiovascular disease (CVD) [12]. Obesity
has direct and indirect effects on CVD, as proinflammatory
and prothrombotic factors are produced by visceral fat, and
a number of adipocytokines contribute to cardiovascular
and diabetes risk [12]. Excessive adipose tissue contributes
to insulin resistance through increased release of free fatty
acids and cytokines such as tumor necrosis factor-α (TNF-
α), and decreased production of adiponectin, an insulin
sensitizer [13–17]. Excess adiposity also results in a
proinflammatory state owing to increased production of
inflammatory cytokines (ie, leptin) and promotes inter-
organ interactions involving cytokines and inflammatory
mediators and contributes to insulin resistance [18].

Increased insulin resistance results in elevated glucose
levels, which can be directly cytotoxic and proinflammatory
[11, 19–21]. Elevated glucose levels can contribute to
atherosclerosis, such as via advanced glycation products
[19, 20, 22]. Probable causes of endothelial dysfunction
include elevated glucose, altered lipid profiles, obesity-
associated proinflammatory cytokines such as interleukin-
6 (IL6), and, possibly, oxidative stress [11, 12]. Effects of
exercise include increased lipoprotein lipase, reduced
plasma triglycerides, elevated HDL, improved glucose
tolerance, heart function and oxygen uptake, and lower
blood pressure [23].

Genetic, Epigenetic, and Environmental Factors

All MetSyn traits, such as obesity, dyslipidemia, and type 2
diabetes, are strongly influenced by genetic factors [24], but
estimates of inherited risk factors are approximate and
frequently make assumptions, such as the absence of gene–
environment and gene–gene interactions. In addition,
inherited risk estimates reflect both the population and
environment [25]. Linkage analysis studies that began in
the early 1990s to identify genes contributing to the
MetSyn traits have been only modestly successful [11].
The genetic loci identified to date from genome-wide
association (GWA) studies explain less than 10% of the
population variance of MetSyn traits. Given the high
number of individual who carry MetSyn traits, it seems
that the GWA study results have only mapped a tiny
fraction of their genetic components. This raises the
possibility that MetSyn is underpinned by hundreds of
genes, each with modest effects, and by many rare
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mutations. Genes with such modest effects will be difficult
to study using standard genetic approaches [11].

Epigenetics and maternal nutrition appear to be important
environmental risk factors for MetSyn. Many epidemiologic
studies provide evidence that early life stressors, such as
poor maternal nutrition, maternal obesity, and rapid
postnatal weight gain, can program metabolic adaptations
that lead to adult-onset MetSyn [26]. Mechanistic studies
in rats and mice have confirmed these associations and
have revealed evidence of both metabolic and structural
programming [26, 27]. Interestingly, some metabolic traits
resulting from poor maternal nutrition can be transmitted
to subsequent generations, suggesting the possibility of
epigenetic changes maintained during meiosis, as is
observed for the agouti coat-color variants in mice [28].
Studies are ongoing by a number of investigators
investigating the relationship between early life stressors,
environmental toxicants, and MetSyn. One such study is
the Newborn Epigenetics Study (NEST) being conducted
by Hoyo et al. [29]. It is testing for the effect of maternal
nutrition, smoking, and exposure to environmental toxicants
in epigenetic imprinting in the offspring [29].

Environmental influences also play a major part in MetSyn
[11]. Clearly, a high-calorie diet and a sedentary lifestyle are
primary environmental contributors. Environmental factors
are difficult to study in humans and epigenetic studies
provide evidence that effects of in utero exposures may be
transmitted for multiple generations. Furthermore, even if
prenatal exposures, diet, and exercise could be accurately
assessed, environment–genetic and epigenetic–genetic inter-
actions would be difficult to study [11]. Consequently, few
human studies have as yet attempted to tackle gene–gene and
gene–environment interactions, and have focused instead on
single candidate genes [11]. Whether classical genetic and
molecular biology approaches can address these complex
interactions is unclear [11].

AHA Recommendation for Managing The MetSyn

The AHA has developed recommendations for managing
the MetSyn [9, 10]. The primary goal is to reduce the risk
for CVD and type 2 diabetes. First-line therapy is to reduce
the major risk factors for cardiovascular disease: stopping
smoking and reducing LDL cholesterol, blood pressure, and
glucose levels to the recommended levels [9, 10]. Lifestyle
therapies are the first-line interventions to reduce the
MetSyn risk factors. These lifestyle interventions include
1) weight loss to achieve a BMI<25 kg/m2; 2) increased
physical activity, with a goal of at least 30 min of moderate-
intensity activity on most days of the week; and 3) healthy
eating, including portion control and reduced intake of
saturated fat and trans fat [9, 10].

Role of Metformin in Individuals with The MetSyn

In the Diabetes Prevention Program trial, metformin reduced
the risk of incident diabetes [30] and the MetSyn [31] in
individuals with impaired fasting glucose and impaired
glucose tolerance. In this study, 3234 nondiabetic persons
with elevated fasting and post-load plasma glucose
concentrations were assigned to metformin (850 mg
twice daily) or a lifestyle-modification program. The
average follow-up was 2.8 years. The lifestyle intervention
reduced the incidence by 58% (95% CI, 48%–66%) and
metformin by 31% (95% C, 17%–43%), as compared with
placebo; the lifestyle intervention was significantly more
effective than metformin. In a 10-year follow-up this study, it
was found that prevention or delay of diabetes with lifestyle
intervention or metformin could persist for at least 10 years
[32]. In patients with the MetSyn but normal glucose
tolerance, metformin has been shown to improve endothelial
function [33, 34]. In women with polycystic ovarian
syndrome (PCOS), multiple short-term studies of 1 year or
less have reported significant improvements in the metabolic
profile with administration of metformin [35, 36].

Adverse Effects of Metformin

In general, metformin is well tolerated. The most common
adverse effect of metformin is gastrointestinal upset,
including diarrhea, nausea, and vomiting. In a clinical trial
of 286 subjects, 53.2% of the 141 given immediate-release
metformin (as opposed to placebo) reported diarrhea,
versus 11.7% for placebo, and 25.5% reported nausea/
vomiting, versus 8.3% for those on placebo [37, 38]. The
most serious potential adverse effect of metformin use is
lactic acidosis [37–39]. Lactate uptake by the liver is
diminished with metformin administration because lactate
is a substrate for hepatic gluconeogenesis, a process that
metformin inhibits. In healthy individuals, lactate is
excreted by the kidneys and no significant elevation in
plasma lactate is observed [37]. However, in individuals
with impaired renal function, clearance of metformin and
lactate is reduced, leading to increased levels of both, and
possibly causing lactic acidosis due to a buildup of lactic
acid [37]. Other contraindications include alcoholism (due
to depletion of NAD + stores), heart failure, and respiratory
disease (due to inadequate oxygenation of tissues). Metformin
has also been reported to decrease the blood levels of thyroid-
stimulating hormone in patients with hypothyroidism [40].
Long-term use of metformin is associated with increased
homocysteine levels [41] and malabsorption of vitamin B12

[42, 43]. Higher doses and prolonged use of metformin are
associated with an increased incidence of vitamin B12

deficiency [44].
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Biologic Activity of Adipose Tissue

Adipose Tissue as An Endocrine Organ

Adipose tissue is an active endocrine organ, secreting fatty
acids and peptide hormones or cytokines, collectively
called adipocytokines. These biologically active factors
act locally on the breast or peripherally to influence
multiple processes, including glucose and fatty acid
metabolism, insulin signaling, adipocyte differentiation,
and inflammation. Accumulating evidence suggests that
obesity, a condition characterized by an increase in
adipocyte size and number, alters adipocytokine secretion
and increases angiogenesis and is a risk factor for breast
cancer initiation and recurrence.

Obese individuals typically have elevated levels of
circulating leptin, a hormone associated with appetite
suppression and energy expenditure. Identifying a causal
link between elevated leptin levels and breast cancer
initiation and progression has been complicated by
conflicting results, but multiple studies provide evidence
that leptin has proliferative and proangiogenic effects.
Leptin increases proliferation of human breast cancer cell
lines [45, 46]. Obese mice deficient in either leptin or the
leptin receptor have a reduced occurrence of mammary

tumors compared to lean control mice [47, 48], and obese
mice lacking leptin or the leptin receptor display defects in
mammary gland morphogenesis, implicating leptin in
normal mammary tissue development [49]. Leptin signaling
promotes expression of vascular endothelial growth factor
(VEGF) and VEGFR2, indicating that leptin may stimulate
tumor-related angiogenesis [49]. In addition to acting
through its own receptor, leptin has been shown to induce
ligand-independent activation of estrogen receptor and
promote aromatase activity [50, 51]. Taken together, these
studies suggest that leptin signaling promotes cell proliferation
and angiogenesis.

Adipose tissue is also a major source of hepatocyte
growth factor (HGF), another adipocytokine that, like
leptin, is elevated in obesity and promotes both cell
proliferation and angiogenesis [52]. HGF increases the
migration and invasiveness of MDA-MB-231 human
breast cancer cells in vitro and also stimulates VEGF-
dependent or independent tumor angiogenesis [53, 54].
Several other adipocytokines promote angiogenesis as
well, including heparin-binding epidermal growth factor-
like growth factor (HB-EGF), TNF-α, and IL-6 (Table 1),
providing evidence that increases in the levels of these
adipocytokines may also be associated with obesity-
related cancers.

Table 1 Adipocytokines and their actions

Molecules secreted
by adipose tissue

Role Molecules secreted
by adipose tissue

Role

Acylation-stim. protein Metabolic regulator MIF Inflammatory cytokine

Adiponectin/Acrp30 Metabolic regulator; inhibits angiogenesis;
anti-inflammatory

NGF Neurotrophic growth factor;
inflammatory response

Apelin Regulates cardiovascular functions;
up-regulated in obesity

PPARγ/NRIC3 Nuclear regulator of metabolism

Chemerin/Tig-2 Chemoattractant protein; adipocyte
differentiation; metabolic regulator

Pref-1/DLK-1/FA1 Preadipocyte membrane protein;
inhibits adipogenesis

FABP4/AFABP Fatty acid binding protein; lipid transport Resistin/ADSF Metabolic regulator; pro-inflammatory

HB-EGF Negatively regulates adipogenesis;
promotes angiogenesis

Serpin A8/Angiotensinogen Serine protease inhibitor; promotes
adipose tissue growth

HGF Mitogenic and angiogenic growth factor Serpin A12/Vaspin Serine protease inhibitor; regulates
insulin sensitivity

IGF-IR Receptor tyrosine kinase; pre-adipocyte
differentiation

Serpin E1/PAI-1 Serine protease inhibitor; extracellular
matrix remodeling

IL-6 Inflammatory cytokine; promotes
angiogenesis; regulates insulin sensitivity

Serum amyloid A1/SAA1 Apolipoprotein; low-grade inflammation

IL-8/CXCL8 Pro-inflammatory chemokine TGF-β Inhibitor of adipocyte differentiation

Intelectin-1/Omentin Regulates insulin sensitivity TNF-α/TNFSF1A Inflammatory cytokine; regulates leptin;
promotes angiogenesis

Leptin Metabolic regulator; promotes proliferation
and angiogenesis

TNF-RI/TNFRSF1A Cytokine receptor; pro-inflammatory

Lipocalin 2/NGAL Antagonist of inflammatory adipocytokine
secretion

VEGF Angiogenic growth factor
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Adipocytokines and Breast Cancer Initiation

Excessive adiposity predicts poor survival in women with
both estrogen receptor-positive and estrogen receptor-negative
breast cancer. Women who exercise and lose 10–15 lb
following the diagnosis of breast cancer have a twofold
reduction in breast cancer recurrence [2]. Furthermore,
women with a BMI >25 kg/m2 have a statistically increased
risk of developing precancerous breast changes relative to
women who are not overweight (BMI<25 kg/m2) [1]. As a
result, it has been long suspected that mammary adipose
stromal cells may play a role in promoting the aggressive
behavior of breast cancers, but the molecular contribution of
adipose tissue to ER-negative mammary carcinogenesis
remains unknown. Until recently, obesity-related breast
cancer initiation and recurrence has thought to have been
due to estrogen production by adipose tissue. However, there
is recent evidence that suggests that changes in adipose cell-
or stroma-secreted adipocytokines may also be critical
drivers of breast cancer initiation and progression. As
detailed above, adipocytokines can affect cell proliferation,
apoptosis, invasion, and angiogenesis. Although numerous
adipocytokines have been identified, the effects of only a few
in promoting or inhibiting mammary tumor growth have
been extensively studied to date. These include leptin, HGF,
and adiponectin.

Molecular Mechanism of Metformin Action

Metformin, Gluconeogenesis, and Insulin Signaling

Metformin belongs to the biguanide class of oral hypoglycemic
agents that are prescribed to over 120 million type 2 diabetic
patients worldwide. It is generally agreed that metformin
reduces fasting plasma glucose concentrations by reducing
rates of hepatic glucose production; its effect on the relative
contributions of hepatic glycogenolysis and gluconeogenesis
remains controversial. Metformin reduces levels of circulating
glucose, increases insulin sensitivity, and reduces insulin
resistance–associated hyperinsulinemia. Metformin is known
to reduce the level of plasma insulin; however, this is thought to
be secondary to a reduction in circulating glucose. At the level
of cell signaling, several mechanisms of metformin action have
been proposed; the most important one relates to the activation
of AMPK.

Metformin and Regulation of Cancer Signaling Pathways

Population studies suggest that metformin decreases the
incidence of cancer and cancer-related mortality in diabetic
patients [55–58]. Hyperinsulinemia and insulin resistance
are associated with poor breast cancer outcomes and recent

evidence suggests that insulin can promote tumorigenesis
via a direct effect on epithelial tissues, or indirectly by
affecting the levels of insulin-like growth factors (IGFs) and
adipocytokines. In a retrospective study of women who
received neoadjuvant chemotherapy for breast cancer,
diabetic cancer patients receiving metformin during their
neoadjuvant chemotherapy had a higher pathologic complete
response rate than diabetic patients not receiving metformin
(24% vs 8%; P=0.007) [59].

The antineoplastic effects ofMetformin in breast cancer are
supported by studies demonstrating that metformin inhibits
the growth of breast cancer cells [8, 60–68]. Work by
Zakikhani et al. [8] demonstrated that metformin inhibits
the growth of breast cancer cells in an AMPK-dependent
manner. Several tumor suppressors are involved in the
AMPK signaling network, and activated AMPK results in
suppression of cell proliferation in normal and tumor cells in
both in vitro and in vivo studies (Fig. 1). Metformin
regulates the AMPK/mTOR pathway, which is implicated
in the control of protein synthesis and cell proliferation.
High glucose inhibits AMPK. Metformin activates AMPK,
and activated AMPK, inhibits mTOR and pACC. IRS-1
phosphorylates Akt [8, 69–71]. Akt/mTOR mobilizes glucose
transporters to the cell surface to enhance glucose uptake [8,
69–71]. IRS-1 is subject to negative feedback regulation in
response to Akt/mTOR activation (phosphorylation of IRS-1
at Ser612 by mTOR inhibits IRS-1 tyrosine activation) [8,
69–71]. However, loss of this negative feedback promotes

Fig. 1 Insulin/Akt/mTOR/IL-6 phosphoprotein network signaling
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continued activation of IRS1-pSer612, p-Akt, and p-mTor
and predicts poor prognosis [72].

Epidemiologic and Clinical Trials

Recent pilot epidemiologic studies carried out using
population registries provide evidence that metformin may
reduce cancer risk and/or improve cancer prognosis.
Metformin was associated with a decreased risk of cancer
in patients with type 2 diabetes in two initial observational
studies reported by Evans et al. [73] and Libby et al. [74];
however, the authors did not provide detailed information
on the risk of breast cancer. In a third epidemiologic study,
reported by Bowker et al. [75], users of metformin had
significantly decreased cancer-related mortality compared
with users of either sulfonylureas or insulin. In contrast,
Currie et al. [76], in a subgroup analysis of a retrospective
cohort study, observed no decrease in breast cancer risk in
women taking metformin. Landman et al. [77] reported a
lower cancer-related mortality for metformin users compared
with that for nonusers. Using the UK-based General Practice
Research Database, Bodmer et al. [78] conducted a nested
case–control analysis among 22,621 female users of oral
antidiabetes drugs with Type 2 diabetes. The multivariate
conditional logistic regression analyses were adjusted for use
of oral antidiabetes drugs, insulin, estrogens, smoking, BMI,
diabetes duration, and HbA1c [78]. In this study, decreased
risk of breast cancer was observed in female patients with
type 2 diabetes using metformin on a long-term basis [78].
Female diabetic patients receiving neoadjuvant chemotherapy
for breast cancer were reported to have a higher complete
pathologic response rate if they also used metformin
compared with those not using metformin [79]. In this study,
Jiralerspong et al. [79] observed that diabetic patients with
breast cancer treated with metformin experienced higher
pathologic complete response (pCR) rates with neoadjuvant
chemotherapy than controls. This was a retrospective
analysis of 2592 women, including 157 women with
diabetes, treated with neoadjuvant chemotherapy for early
stage or locally advanced breast cancer between 1990 and
2007. Diabetic patients treated with metformin experienced a
pCR rate of 24%, which was significantly greater than the
pCR rate in diabetic women not treated with metformin (8%;
P<0.001) and numerically (but not statistically) greater than
the pCR rate in women without diabetes (16%; P=0.10). In
multivariate models adjusting for BMI, stage, tumor grade,
hormone receptor and human epidermal growth factor
receptor 2 status, age, presence of diabetes, and use of
neoadjuvant taxanes, metformin use remained an independent
predictor of pCR with an odds ratio of 2.95 (95% CI, 1.07–
8.07; P=0.04). In this model, metformin use was a better
predictor of pCR than were established features such as

tumor grade, hormone receptor status, and human epidermal
growth factor receptor 2/neu over expression.

Emerging role of Metformin and Cancer Stem Cells

Breast cancers are a heterogeneous disease and many breast
cancers are composed of multiple cell types with different
phenotypic and molecular properties. Cancer stem-like cells
(CSCs) are a highly tumorigenic cell type frequently found in
clinically aggressive, chemotherapy-resistant breast cancer. The
origins of CSCs and their relationships to non-stem cancer cells
(NSCCs) are poorly understood. In in vitro studies, CSCs are
generated from non-transformed cells at a specific time during
the transformation process, but CSC formation is not required
for transformation. The adipocytokine IL-6 is sufficient to
convert NSCCs to CSCs in breast cell lines and human breast
tumors. Thus, it is postulated that tumor heterogeneity involves
a dynamic equilibrium between CSCs and NSCCsmediated by
IL-6 and activation of the inflammatory feedback. This
dynamic equilibrium provides an additional rationale for
combining conventional chemotherapy with metformin, which
selectively inhibits CSCs. Recent studies provide evidence that
metformin may affect cancer stem cells. Iliopoulous et al. [80]
recently found that the inducible formation of CSCs and their
dynamic equilibrium with NSCCs is modulated by metformin.
Metformin was also shown to affect tumor growth factor-β
(TGF-β)–induced epithelial to mesenchymal transition (EMT)
[81] and suppressed the TGF-β oncogenic micro-RNA
(mi-RNA) mi-181A [82]. Together, these observations
provide evidence that metformin may have activity against
CSCs and provide prevention against aggressive breast
cancer and have synergy with cytotoxic chemotherapy.

Conclusions

Taken together, current evidence suggests that metformin
may have beneficial effects on breast cancer prevention and
outcome. Metformin is an inexpensive and safe drug with
minimal toxicity. Minor gastrointestinal upset is the most
common toxicity, leading to cessation of therapy in
approximately 10% of individuals. Lactic acidosis is a rare
complication. Currently, many investigators are developing
a large-scale trial of metformin in the adjuvant breast cancer
setting and also as a prevention agent for breast cancer. In
these studies, it will be critical explore whether any
beneficial effect is seen across a broad group of patients
with breast cancer (consistent with a direct effect of
metformin on AMPK) or whether beneficial effects are
restricted to women with hyperinsulinemia, to those whose
tumors are insulin receptor positive, or to those whose
insulin levels fall in response to metformin treatment
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(consistent with an indirect effect of metformin acting through
an insulin-mediated mechanism). Recent studies providing
evidence for metformin in modulating IL-6 signaling and
CSCs provide additional evidence that metformin may be
synergistic with cytotoxic chemotherapy and provide potential
prevention against aggressive breast cancers.
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