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Abstract
Metabolic syndrome is associated with chronic diseases,
including type 2 diabetes, cardiovascular diseases, and cancer.
This review summarizes the current evidence on the antitumor
effects of some relevant drugs currently used to manage
metabolic-related pathologies (i.e. insulin and its analogs, met-
formin, statins, etc.) in endocrine-related cancers including breast
cancer, prostate cancer, pituitary cancer, ovarian cancer, and
neuroendocrine neoplasms. Although current evidence does not
providea clear antitumor role of several of these drugs,metformin
seems to be a promising chemopreventive and adjuvant agent in
cancer management, modulating tumor cell metabolism and
microenvironment, through both AMP-activated protein kinase–
dependent and – independent mechanisms. Moreover, its com-
bination with statins might represent a promising therapeutic
strategy to tackle the progression of endocrine-related tumors.
However, further studies are needed to endorse the clinical rele-
vance of these drugs as adjuvants for cancer chemotherapy.
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Introduction
Metabolic syndrome is a multifactorial disease that
comprises a cluster of medical complications
(i.e. abdominal obesity, hyperglycemia, high blood
pressure, hypertriglyceridemia, low high-density lipo-
protein levels, sex steroid unbalance, and/or liver
dysfunction), which are frequently associated with an
increased risk of chronic pathologies such as type 2

diabetes or cardiovascular diseases [1]. During the last
decades, growing evidence has also demonstrated the
association between metabolic syndrome and increased
risk of cancer incidence and mortality [2]. This rela-
tionship has been observed for different types of can-
cers, such as colorectal, breast, prostate, and
endometrial cancer [2e4], and it seems to be especially
relevant in the case of endocrine-related cancers. This
may be due to the fact that metabolic syndrome is often
associated with hormonal alterations that can affect the
development or progression of endocrine-related can-

cers. For example, the changes in testosterone and es-
trogen levels due to age and obesity have been related
with the prostatic proinflammatory status, which could
derive into benign prostate hyperplasia or prostate
cancer [5e8]. In general terms, different underlying
mechanisms have been reported to trigger the patho-
logical association between metabolic syndrome and
cancer, including aberrant metabolism in cancer, chronic
inflammation, reactive oxygen species, and oncogenic
signaling pathways (including mitogen-activated protein
kinase, Wnt, TGF-b, and JAK/STAT) [3,9].

Consistent with the epidemiological association be-
tween metabolic syndrome and cancer incidence and
mortality, different studies have shown that some drugs
commonly used in the medical treatment of patients
with metabolic syndrome or its comorbidities could also
act as cancer chemopreventive agents. In this sense,
repositioning drugs to treat tumor-related pathologies is
particularly appealing because the pharmacological and
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toxicological data are already available and, in conse-
quence, failure risk and costs are significantly reduced
compared with novel drugs [10,11]. In addition, there is
a wide experience in the use of antidiabetic drugs and
statins as well as in the adjustment of the treatment for
comorbidities and other patient factors [12].

The aim of this review was to summarize the recent

advances in the study of metabolic drugs currently
approved for the management and/or treatment of pa-
tients with metabolic diseases, mainly metformin and
statins, as therapeutic agents in endocrine-related can-
cers, including breast, prostate, ovarian, pituitary, and
neuroendocrine tumors (NETs).
Metabolic drugs and endocrine-related
cancers
Insulin and its analogs
Insulin is a master regulator of energy metabolism in
different organs, in that it stimulates glucose uptake in
the muscle, adipose tissue, and liver, and inhibits
lipolysis and hepatic gluconeogenesis, among other ac-
tions. Insulin exerts these metabolic actions, as well as
other mitogenic effects, by binding to membrane re-

ceptors [13]. It has been observed that the insulin
binding dynamic to its receptors is dependent on the
dose of the hormone. In this sense, at physiological
concentrations, insulin mainly activates the insulin re-
ceptor (IR), but at higher concentrations, it also binds to
the insulin-like growth factor 1 receptor (IGF1R) and
other receptors of the same family [3,13].

Even though hyperinsulinemia is considered one of the
most prominent factors involved in the increased cancer
risk observed in subjects with metabolic syndrome [13],
the potential pro-cancer effect of the medical treatment

with exogenous insulin or its analogs is still controver-
sial. By one side, in vitro studies suggest that insulin
might drive cancer promotion and progression [14,15].
Specifically, insulin has shown to stimulate cell prolif-
eration and decrease apoptosis, mainly through the
stimulation of the IR isoform Adpredominantly
expressed in fetal and cancer cellsdand the cross-
reaction with other receptors such as IGF1R [16].
Moreover, insulin treatment significantly increased IL-8
levels in myofibroblastic human benign prostate
hyperplasia cells [17], wherein the inflammatory status

has been identified as a driver of prostate cancer pro-
gression and therapeutic resistance [18,19]. However,
insulin is classified as a weak carcinogen, as there is no
evidence than hyperinsulinemia could initiate carcino-
genesis in patients so far [20].

Among endocrine-related cancers, breast cancer is
particularly affected by hyperinsulinemia [21e23]. In
fact, more than 20% of patients with breast cancer
present a 10-fold elevated protein level of the IR as
Current Opinion in Pharmacology 2021, 60:17–26
compared with paired normal breast tissue [24]. For
that reason, long-lasting insulin analogs (i.e. insulin
glargine, detemir, and degludec) have been studied
[25]. In vitro, these analogs promoted cell invasion and
migration in different breast cancer cell lines, which
was associated with a higher expression of the IR and,
particularly, IR isoform A [26]. In vivo, Ebeling et al.
[27] earlier described an increase on the breast cancer

occurrence in female rats after a 12-month treatment
with the insulin analog ASPB10 (insulin X10). More-
over, serum of patients with type 1 diabetes treated
with glargine stimulated the proliferation of breast
cancer cell lines more than the serum of patients
treated with NPH (neutral protamine hagedorn) in-
sulin [28]. In this line, a population-based follow-up
study in Sweden showed that patients treated with
glargine had an increased risk of breast cancer (but not
other tumor malignancies) compared with those who
used other types of insulin [29]. Consistently, a sys-

tematic review pointed that four of thirteen observa-
tional studies reported an increased risk of breast
cancer among glargine-treated patients [30]. However,
the clinical relevance of these analogs to promote
cancer is still inconclusive, as different retrospective
studies (e.g. Medicare) and a prospective trial
(i.e. ORIGIN) found that the incidence of breast
cancer was not increased in the glargine users [31,32].

Diabetes is also considered a risk factor for other gyne-
cologic cancers, including endometrial and ovarian

cancer, as insulin resistance has been related to an
enhancement of ovarian steroid hormone dysregulation
and inflammatory status in diabetic women. Thus,
although the association between insulin and ovarian or
endometrial cancer has not been demonstrated in clin-
ical trials, elevated levels of IGF1, IGF1R, and IGFBP2
were observed in patients with ovarian or endometrial
cancer and diabetes [33,34].

In the case of prostate cancer, in vitro studies have shown
that insulin treatment modulated the expression of some
relevant receptors (IR, IGF1R, or GHR) and increased

the capacity of prostate cancer cell lines to proliferate and
migrate [15,35]. However, as per a meta-analysis
including eleven observational studies, the use of insu-
lin is not significantly associated with an increased risk of
prostate cancer in patients with type 2 diabetes. In
addition, prostate cancer risk was not increased in insulin
glargine users as compared with other insulin analogs
[36,37]. Therefore, further investigations should study
the long-term effect of insulin and its analogs in cancer
development, considering the dose and time of exposure,
as well as other possible biases such as cotreatments.

Insulin secretagogues: sulfonylurea derivatives
Like insulin and its analogs, conflicting results were
obtained in observational studies that investigated the
www.sciencedirect.com
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influence of insulin secretagogues, sulfonylurea de-
rivatives (i.e. gliclazide, glimepiride, glibenclamide,
tolbutamide, chlorpropamide, and glipizide), on cancer
development and risk [38,39]. As per existing literature,
the association with cancer risk strongly differs among
the three generations of sulfonylureas because of the
variability in the affinity to the receptor isoforms and the
hypoglycemic capacity. Among them, patients with type

2 diabetes treated with gliclazide may have a lower
cancer risk than glibenclamide users [39].

Biguanides
Biguanides (i.e. metformin, buformin, and phenformin)
are synthetic antihyperglycemic agents chemically
related to galegine, the active principle of Galega offici-
nalis L. (Fabaceae), a medicinal plant used over cen-
turies in traditional medicine [40]. Nowadays,

metformin is one of the most frequently prescribed
antidiabetic drugs, as monotherapy or in combination
with other drugs, because of its adequate safety and
efficiency [41]. However, buformin and phenformin
were withdrawn in the decade of the 1970s because of
their toxicity, as they were associated with an increased
risk of lactic acidosis and other side effects [42].

The antihyperglycemic effect of metformin is mediated
by the inhibition of the mitochondrial respiratory chain,
leading to the activation of the AMP-activated protein

kinase (AMPK) pathway and the inhibition of the
mammalian target of rapamycin (mTOR) and the
phosphatidylinositol 3-kinase/AKT pathways [43,44].
However, metformin has also been proposed to induce
antitumoral effects, directly, by exerting anti-
proliferative cancer effects through the modulation of
the mechanisms mentioned previously [45,46], or indi-
rectly, through numerous mechanisms, including (i)
reduction of circulating glucose and insulin levels by
stimulation of muscle glucose uptake and reduction of
liver gluconeogenesis, (ii) modulation of immune

response and anti-inflammatory effects through inhibi-
tion of IL6/JAK/STAT3 [47] and nuclear factor-kB [48]
signaling pathways, and (iii) epigenetic effects, such as
modulation of miRNA levels by inducing DICER
expression, or altering DNA methylation and histone
acetylation, among others [49e52].

Because of the high interest of metformin as a cancer
chemopreventive drug or as a chemotherapy
adjuvant and the diversity of mechanisms depending on
cancer type, numerous studies have been performed

during the last years by our and different groups to
unveil the putative role of biguanides, and specially
metformin, in the development and progression of
different endocrine-related cancers [45,52e59].

In the case of prostate cancer, certain studies and meta-
analyses have showed that patients with diabetes
treated with metformin presented a lower
www.sciencedirect.com
recurrence and that metformin is also beneficial as
adjuvant prostate cancer chemotherapy [60e64]. On
the contrary, in other studies, such as the randomized
clinical trial REDUCE [65], metformin treatment was
not associated with a lower risk of prostate cancer in
diabetic men with a negative pre-study biopsy and at
least one on-study biopsy. It is expected that ongoing
clinical trials, such as METAL and STAMPEDE, will

help to shed light on the role of metformin treatment in
patients with locally advanced or metastatic prostate
cancer [66,67]. In this sense, our group has recently
investigated the beneficial antitumoral effects of met-
formin on prostate cancer progression and the relative
contribution of a high-fat diet (independently of
obesity) using immunosuppressed mice (NUDE
Foxn1nu/Foxn1nu) inoculated with PC-3 cells [58]. We
observed that the effect of metformin in vivo was highly
dependent on diet because the decrease of tumor
growth induced by metformin was more prominent in a

condition of high-fat diet than in the low-fat diet con-
dition, wherein these differences were attributed to
differences in multiple metabolic/tumoral signaling
pathways [58]. These results might suggest that body
composition, diet, and baseline metabolic complications
should be considered, in the clinical trials, to cluster
patients with different susceptibility. It should be also
mentioned that the in vitro effects exerted by metformin
on proliferation, migration, and prostate specific antigen
(PSA) secretion differed among the studied cell lines,
suggesting that metformin antitumor effects might

depend on prostate cancer genetic background [58].
Specifically, it has been proposed that the mechanisms
of action of metformin in this type of cancer include
downregulation of the androgen receptor [60,68],
pigment epithelium-derived factor overexpression
[60,68], or modulation of the expression of components
of the GH/IGF1 axis [58], in addition to classical
mechanisms such as AMPK activation, then leading to
mTOR inhibition, or CCND1 downregulation [69,70].

Similarly, studies in patients with breast cancer treated
with metformin showed mixed results, depending on

the size of the cohort, duration of treatment, type or
stage of cancer, and so on [71,72]. One of the most
relevant studies in this field, in terms of sample size and
rates of follow-up, is the Sister Study. This prospective
study enrolled 50,884 women from across the USA and
Puerto Rico between 2003 and 2009. After a follow-up of
8.6 years, they concluded that the long-term metformin
use in patients with type 2 diabetes was associated with
a reduced risk of estrogen receptorepositive breast
cancer, but also an increased risk of estrogen receptore
negative and triple-negative breast cancer, compared

with women not having diabetes [73,74]. Furthermore,
there is a novel proposed mechanism, in which metfor-
min modulates serum estrogen levels, as observed in the
phase III trial ‘MA.32’ that has compared metformin
versus placebo in patients with breast cancer and
Current Opinion in Pharmacology 2021, 60:17–26
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without diabetes [75]. Another promising strategy is the
repurposing of metformin as a chemo-sensitizing agent
of breast cancer chemotherapy. This adjuvant effect of
metformin was mediated by several mechanisms,
including a metabolic reprograming, and reduction of
inflammation, metastasis, epithelialemesenchymal
transition, and cancer stem cells [55].

The role of metformin in the treatment of other endo-
crine tumors has been recently reviewed by Thakur et al.
[57], who highlighted the interest of this drug as an
adjuvant of chemotherapy. However, further studies are
needed to clarify the putative synergic mechanisms with
other drugs (including statins and mTOR inhibitors
[76]) and to evaluate the effect in other rare endocrine
malignancies. In this line, our group has explored the
effect of biguanides in pituitary tumor and NETs. This
study revealed a marked antiproliferative and anti-
secretory effect of metformin in pituitary tumors as well

as in lung and gastroenteropancreatic NETs through
both AMPK-dependent and -independent mechanisms
[53,59].

Patients with other endocrine-related cancers such as
ovary and endometrial cancer could also benefit from
metformin treatment [77]. In some cases, additionally
to type 2 diabetes, metformin is used to manage insulin
resistance in patients with polycystic ovarian syndrome,
and studies evaluating tumor incidence in these pa-
tients have been performed [78]. Specifically, system-

atic reviews and meta-analyses of cohort studies did not
find conclusive survival benefits in patients with ovarian
cancer [78e80]. Thus, present studies are focusing on
the neoadjuvant effect of metformin, when used in
combination with chemotherapy, at clinically relevant
dosages. This effect seems to be mediated through the
AKT/mTOR pathway and by targeting cancer stem-like
cells [56,81]. In the case of endometrial cancer, Lange
et al. [82] have recently studied the changes induced by
metformin treatment in protein expression of HEC-
1 cells by an affinity proteomic approach. They observed
that metformin and insulin targeted similar pathways,

most of them related with cell proliferation and migra-
tion and with tumor immune response, leading to both
tumor-promoting and -suppressing effects. This study
indicates that metformin administration could coun-
teract the unfavorable effects derived from hyper-
insulinemia in women with endometrial cancer and
diabetes or polycystic ovarian syndrome, reducing cell
growth, although further investigations are needed to
confirm these in vitro observations, as metformin has also
numerous systemic effects.

Combination of biguanides and statins
Statins (simvastatin, pravastatin, rosuvastatin, etc.) are a

family of drugs commonly used for their cholesterol-
lowering effects. However, they have been also shown
Current Opinion in Pharmacology 2021, 60:17–26
to regulate pituitary cell secretion and to exert in vitro,
in vivo, and clinical antiproliferative effects in prostate
tumor, breast tumor, NETs, and pituitary tumors, among
others [53,54,83,84]. For example, statins can exert a
chemopreventive effect by reducing the inflammation
exerted by oxidized low-density lipoproteins in the
prostate gland [17]. However, the role of statins on
cancer risk is still controversial as some evidence has

shown a dichotomous effect of statins with either
cancer-inhibiting or -promoting effects [85]. In this
sense, it should be noted the relevance of liver nonal-
coholic steatohepatitis (NASH), considered one of the
hepatic manifestations of metabolic syndrome, as a
novel pathogenic mechanism linking metabolic alter-
ation to the onset of cancer. Indeed, NASH is a source of
several proinflammatory factors toward the male genital
tract [86] and could be one underpinning bias for the
controversial effects of some metabolic syndrome drugs
in the onset/progression of endocrine-related cancer.

In this scenario, the combination of drugs with different
targets at low doses is a strategy to increase the efficacy
of single agents, and metformin and statins represent a
paradigm of the beneficial effect of such a combination
in cancer therapy, as they are widely used because of
their valuable safety and efficiency profiles [83]. The
combined effect of metformin and statins is especially
relevant in patients with high-risk prostate cancer,
which presents a lower mortality, particularly in post-
diagnostic settings [87]. This is in accordance with re-

sults recently obtained by our group, showing that the
combination of metformin and simvastatin additively
decreased proliferation and migration in vitro, probably
through the modulation of androgen receptor, AMPK/
mTOR pathways and the upregulation of cyclin-
dependent kinase inhibitors [54]. In addition, patients
with prostate cancer treated with both metformin and
any statin showed a lower Gleason score and longer
biochemical recurrence-free survival [54]. In the case of
other endocrine-related cancers, Kalinsky et al. are
currently evaluating the combination of metformin and
atorvastatin in newly diagnosed operable breast cancer.

This pre-surgical phase 0 trial is estimated to be
completed during 2021 (NCT01980823) (Table 1).

Other antidiabetic drugs
The use of sodiumeglucose cotransporter-2 (SGLT2)
inhibitors (e.g. canagliflozin, dapagliflozin, empagli-
flozin) has improved the pharmacotherapy in patients
with diabetes because of their antihyperglycemic effect
and their cardio- and reno-protective effects [88].
Although the potential association of SGLT2 inhibitors
and an increased risk of cancer, including breast and
prostate cancer, emerged as a major concern, recent
studies pinpoint that they do not exert a

significant impact in the cancer risk of patients with
type 2 diabetes [89]. Nevertheless, preclinical studies
www.sciencedirect.com
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Table 1

Representative ongoing clinical trials investigating the effect of metformin and other metabolic drugs against endocrine-related cancers.

Trial Phase Cancer Experimental arm Control arm Endpoint Start/last update

Atorvastatin in Treating Patients With
Stage IIb– III Triple-negative Breast
Cancer Who Did Not Achieve a
Pathologic Complete Response After
Receiving Neoadjuvant Chemotherapy
NCT03872388

2 Breast Atorvastatin
(20–80 mg/day)

Capecitabine
(14 days on and
7 days off. Starting
dose up to 2500
mg/m2 per day).

Proportions of patients
with undetectable
circulating tumor cells
(CTC)

Mar 2019/Dec 2021

Cancer in Patients on Dapagliflozin and
Other Antidiabetic Treatment
NCT02695121

Observational Breast Patients newly
prescribed with
dapagliflozin or
other antidiabetic
drugs

Incidence of breast and
bladder cancer

Jan 2017/Jan 2021

Investigation of the Potential Beneficial
Effect of Adding Metformin to
Neoadjuvant Chemotherapy in Patients
with Breast Cancer (METNEO)
NCT04170465

2 Breast AC-Taxol regimen
+ metformin
(1700 mg/day).

AC-Taxol regimen
(AC: doxorubicin
60 mg/m2 i.v. + cyclophosphamide
600 mg/m2 i.v.) for 4 cycles
every 3 weeks. Subsequent
Taxol cycles (paclitaxel 80 mg/m2 i.v.)
once weekly for 12 weeks.

Neoadjuvant effect on
tumor proliferation

Nov 2019/Jul 2020

Metformin And Longevity (METAL)
NCT02511665

4 Prostate Metformin
(1 g twice a day
for 4 weeks until
prostatectomy ± one week)

Placebo (1 g twice a day for 4 weeks
until prostatectomy ± one week)

Assessment of the
difference in
expression levels of
markers of the FASN/
AMPK pathway before
and after treatment
between the placebo
and metformin arms.

Jul 2015/Nov 2020

Pre-surgical Trial of the Combination of
Metformin and Atorvastatin in Newly
Diagnosed Operable Breast Cancer
NCT01980823

1 Breast Metformin
(500 + 1000
mg/day) + atorvastatin
(80 mg/day) for 2 weeks
until breast surgery

Breast surgery Reduction of tumor
proliferation after 2
weeks of treatment
with the combination
of metformin plus
atorvastatin in
patients with newly
diagnosed breast
cancer

Oct 2013/Jul 2019

Relapse in Previously Irradiated Prostate
Bed: Stereotactic Ablative Reirradiation
Potentiated by Metformin
(REPAIRGETUGP16) NCT04536805

1/2 Prostate Stereotactic body radiation
therapy (SBRT) + metformin
850 mg per day
(day −15 to day 0)
1700 mg per day
(day 1 to day 75)

Stereotactic body radiation
therapy (SBRT) (5 × 6 Gy,
6 × 6 Gy, or 5 × 5 Gy)

Efficacy of re-irradiation
SBRT in combination
with metformin in
terms of biochemical
relapse-free survival
rate

Nov 2020/Jan 2021

Systemic Therapy in Advancing or
Metastatic Prostate Cancer: Evaluation
of Drug Efficacy (STAMPEDE)
NCT00268476

2/3 Prostate ADT + metformin Androgen deprivation therapy (
ADT) (plus radiotherapy for
newly diagnosed nonmetastatic
disease, plus or minus docetaxel,
plus or minus abiraterone)

Improvement of all-
cause survival.

Jul 2005/Nov 2020

(continued on next page)
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have shown an anticancer effect of dapagliflozin both
in vivo and in vitro as it reduced tumor progression in
high-fat dietefed mice injected with MC38 breast
cancer cells by reversing hyperinsulinemia [90]. In this
sense, SGLT2 is suggested as a potential target in cancer
chemotherapy, as this SGLT isoform is overexpressed in
prostate and other cancer types [91]. However, more
high-quality preclinical and clinical studies are neces-

sary to evaluate the antitumor effects of gliflozins.

The native glucagon-like peptide-1 receptor agonists,
such as exenatide, liraglutide, and albiglutide, are
especially indicated for the treatment of type 2 diabetes
in patients with poor weight control. Some preliminary
studies suggested that this novel class of incretin-based
antidiabetic drugs could increase the risk of pancreatic
and thyroid cancer [92]. However, recent meta-analyses
of randomized controlled trials concluded that there
were no statistically significant differences in the risk of

breast, thyroid, pancreatic, or overall cancer between
patients with type 2 diabetes treated with glucagon-like
peptide-1 receptor agonists and comparators [93,94].
Conclusions
The heterogeneity among patients with metabolic syn-
drome and endocrine-related cancers and the diversity
of the pharmaceutical therapeutic options increases the
complexity of the pathophysiological relationship be-

tween these diseases. Further studies are necessary to
clarify the following questions:

1) Does the treatment with antidiabetic drugs modify
the risk of cancer incidence and mortality? How can
we quantify the role of dose and duration of the
treatment and the effect when used in combination
with other drugs?

2) Are the results obtained in preclinical studies rele-
vant to clinics?

3) Is the repurposing of metformin and other metabolic

drugs to treat endocrine-related cancers justified in
patients without diabetes?
Although providing an appropriate answer to these
concerns is complex, it would contribute to a more

personalized medicine and to improve the management
of cancer chemotherapy. To this aim, bioinformatics is
emerging as a key tool to work up large databases,
integrating data of metabolic drugs (dose, duration,
treatments, etc.) and the incidence and progression of
cancer. It is also crucial to develop adequate preclinical
models able to reproduce the complex heterogeneity of
these tumors, such as patient-derived cancer xenografts,
and the use of clinically relevant concentrations. In
addition to observational studies, interventional ran-
domized clinical trials are necessary to get more precise

information of the potential efficacy of these drugs. In
www.sciencedirect.com
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this context, an exhaustive list of recommendations to
improve the design and analysis of real-world data
concerning the use of antidiabetic drugs (and the risk of
cancer) was recently reviewed by Bykov et al. [95].

In sum, in view of the existing data, the use of metabolic
drugs may be a promising and clinically relevant strategy
in patients with endocrine-related cancers. The recent

advances in the study of metformin, alone or in combi-
nation with statins, suggest that it exerts a cytotoxic
effect in different endocrine-related cancers. Although
further studies are needed to endorse the clinical rele-
vance of these drugs as adjuvants for cancer chemo-
therapy, the ongoing clinical trials (Table 1) are
expected to add valuable information to get a complete
picture of the potential antitumor effects of these drugs
in different endocrine-related cancers.
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