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Abstract

Prostate cancer accounts for one-third of new cases of cancer per year, and is now the most frequent type
of cancer in men. Recent data suggest that diabetic patients who take metformin, the drug most commonly
used in type 2 diabetes, have a lower incidence of certain cancers, such as prostate cancer. Numerous stu-
dies have examined the antineoplastic potential of metformin, although its mechanisms are not yet fully
understood and the data obtained are ambiguous. This review summarizes the information regarding
the effects of metformin on prostate cancer cells, highlighting some of the mechanisms of action through
which this drug may act. It also analyzes some conflicting findings regarding the effects of metformin on
patients with different metabolic and pharmacological profiles. After comparing the data, we suggest that
metformin could play an important role in the management of prostate cancer in the future, both in mo-
notherapy and combined therapy. At this stage, however, it is still necessary to carry out more effective/

extensive clinical trials to confirm its efficacy.
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1. Introduction

Prostate cancer (PCa) is the most frequent cancer
among men and the second leading cause of onco-
logical death (1). Due to its high prevalence, in ad-
dition to new molecules, some drugs indicated for
other pathologies are being used to treat it.

Metformin is a type of drug commonly used in
type 2 diabetes mellitus (T2DM). Although its me-
chanisms are not yet fully understood, its antineo-
plastic, anti-inflammatory, and metabolic proper-
ties could have beneficial effects on PCa prognosis
and evolution.

However, there is disagreement between the di-
fferent sources of information in relation to the me-
chanisms and effects of metformin on PCa.

The aim of this article is to present the diffe-
rent aspects of PCa evolution and treatment in
which metformin might have beneficial or negative
effects. This article is focused on the application and
observable effects of metformin in clinical practice,
as well as on the different chemical and metabolic
pathways that metformin is believed to affect.

2. Metformin action mechanisms

In relation to its effect on PCa, two mechanisms of
action are described (Fig. 1). One of them has a di-
rect effect on tumor cells (by inhibiting the electron
transport chain) (2), and the other is indirect, redu-
cing levels of insulin and other growth factors (such
as androgenic receptors, which are fundamental in
PCa). In addition, metformin blocks the mechanis-
ms through which tumor cells obtain energy: he-
patic gluconeogenesis and glycolysis (the latter if
combined with 2-deoxyglucose) (3). Although the
indirect action is interesting considering the or-
gan-specific character of metformin, the mechanis-
ms are not fully established. Thus, we will focus on
developing the direct mechanism of action on tu-
mor cells.

Metformin directly inhibits the mitochondrial res-
piratory chain. This reduces the adenosine triphos-
phate (ATP) levels and increases the AMP/ATP
ratio, which involves the activation of adenosine
monophosphate kinase (AMPK) and reduces glu-
cose production (4). Under these stressful condi-
tions, liver kinase B1 (LKB1), known for its tumor
suppressant role, will activate AMPK and reduce
the mammalian target of rapamycin (mTOR) (5). In-
hibiting mTOR activates the PI3k/Akt/mTOR sig-
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naling pathway, associated with abnormal cell pro-
liferation, apoptosis inhibition, and carcinogenesis.
On the other hand, activating the AMPK pathway
increases the production of the transcription factor
Forkhead box O3 (FOXO3). The inactivation of this
gene is involved in the progression of PCa, making
its activation through metformin a therapeutic op-
tion (6).

2.2. Mechanisms independent of AMPK

Activation of AMPK is the main antineoplastic me-
chanism of metformin, but other pathways have
been described. For example, Sarah et al. stated that
Redd1 and cyclin D1 mediate the antiproliferative
effects of metformin on PCa cells (7). This effect
is also induced by metformin when the LKB1 pa-
thway is active reducing its messenger RNA, and
decreasing c-MYC levels (8,9,10). This action is fun-
damental, since androgens induce an increased re-
gulation of insulin growth factor type 1 receptors
(IGF-1R) and insulin receptors (IR), which are alre-
ady overexpressed in PCa tumor cells. When these
receptors are activated, the mTOR pathway stimu-
lates cell proliferation and invasion. Finally, other
research highlights that metformin also blocks the
COX2/PGE2/STAT2/epithelium-mesenchymal
transition (EMT) axis and the Fox M1 factor, both of
which play a central role in cell cycle regulation, an-
giogenesis, invasion, metastasis, and EMT; the last
of which will also be reduced by the modulation of
microRNAs (11,12).

Therefore, metformin acts on a wide variety of
molecular targets and thousands of transduction
pathways. There is also a lack of data on signifi-
cant effects on benign cells, which suggests that its
pro-apoptotic action is specific to malignant cells
(8). The antineoplastic activity of metformin could
explain the decrease in the incidence of different
types of cancer (colon, breast or pancreas), in vivo
and in vitro, when metformin is used as a treatment
(13). A decrease in tumor proliferation was deter-
mined in vitro in mice, however, the doses used in
this type of studies are between 100 and 300 times
higher than those used in standard antidiabetic
treatments (14). On the other hand, another study
showed a decrease in Ki 67 in 30% of cancer patients
(both diabetic and non-diabetic) before undergoing
surgery, but reported no significant decrease in
PSA (PCa marker). Nevertheless, the methodology
of this work has been questioned (15). Finally, al-
though metformin has an effect on osteoblasts and
tumor stem cells in vitro, its effects on bone metas-
tases have not been demonstrated (10).
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3. Effects of metformin in various
groups of patients

3.1. Diabetic and obese patients

Diabetes is a risk factor for cancer (16). However, a
decrease in cancer occurrence has been observed in
diabetic patients taking metformin, as compared to
those not taking it (7.3% vs. 11.6%). This effect has
not been observed with other antidiabetic drugs,
such as sulfonylureas (17). Although the use of me-
tformin has also been associated with a lower mor-
tality rate associated with the use of metformin has
also been reported; however, discrepancies have
been documented in the results, probably due to
significant differences the characteristics of patients
(18). In contrast, other research denies the protecti-
ve role of metformin in PCa (19). Similarly, several
studies have shown that metformin, used as a treat-
ment in the early and late stages of cancer, has no
effect (20-23). In response to this conclusion, some
researchers highlight the lack of studies involving
other stages of cancer and in patients with PCa (15).

Contrary to the works previously mentioned,
some authors have suggested that type 2 diabetes
mellitus (T2DM) and obesity could have a certain
protective effect in the specific case of PCa; an effect
even greater than that of metformin (which, in con-
trast, would inhibit this effect). These pathologies
reduce the levels of androgens (testosterone and
dihydrotestosterone) and of the genetic factors that
stimulate the initial growth of tumor cells (24). In
addition, they noted that the use of metformin for
the prevention or treatment of PCa among the gene-
ral population had no significant benefits. Despite
the lack of conclusive data, metformin is the drug
of choice in cancer patients with T2DM (25). There
are many confounding factors because studies are
retrospective and there are few works on non-dia-
betics. Thus, it is impossible to determine whether it
is really diabetes control, and not metformin itself,
that reduces the risk of developing cancer. Similar-
ly, more extensive research is needed in order to as-
sess the long-term effects of this drug.

3.2. Patients in androgen deprivation therapy

Androgen deprivation therapy (ADT), usually per-
formed with the administration of gonadotrophin-re-
leasing hormone (GnRH), is the usual treatment for
locally advanced, recurrent or metastatic PCa. ADT
induces apoptosis of 2-3% of tumor cells. However,
it also activates other mechanisms such as autopha-
gy (due to increased activity of AMPK), necrosis, or
quiescence. Quiescent cells are still viable and can re-
turn to the cell cycle (Fig. 2). As a result, although ini-
tially there is a high response to ADT, these cancers
eventually become resistant to therapy (25, 26). Some
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clinical studies suggest that ADT induces changes in
tumor cells, making them more susceptible to the
effect of other synergistic treatments, such as doce-
taxel (improves survival). For this reason, several
studies explore combined therapy with metformin,
given its metabolic, anti-inflammatory and antineo-
plastic properties (25, 27, 28).

3.3. Use of metformin to treat the adverse effects
of ADT

ADT can cause a range of adverse side effects (Ta-
ble 2) such as fatigue, vasomotor flushing, loss of
libido and impotence, bone-related complications
(osteoporosis), anemia, and cognitive dysfunction.
Notably, some metabolic and cardiovascular effects
(obesity, dyslipidemia, increase in resistance to in-
sulin, and diabetes) could potentially be avoided by
taking metformin (28, 29). In a retrospective study
of 87,344 elderly patients, Richard KA et al. demons-
trated that metformin combined with ADT impro-
ved the overall survival rate in patients with type 2
diabetes, reduced the risk of skeletal complications
and the need for radiotherapy or surgery due to
these conditions (30). Conversely, Nobes et al. (34)
found that a change in lifestyle (diet and exercise)
in non-diabetic patients, combined with metformin,
helped to reduce weight, body mass index, systolic
blood pressure, and the risk of contracting diabetes
(combined with ADT and compared to the control
group). However, in that study, no differences were
found in markers of insulin resistance. The study
did not attempt to show the increase in overall sur-
vival rate, and it is not clear whether these changes
were the result of using metformin or the changes
in lifestyle (31). The available evidence points to
the combination of ADT with metformin being a
potentially effective option for improving the sur-
vival rate of patients, either through its effects on
tumor cells or its benefits against the adverse effects
of ADT.

3.4. Patients in ADT with hormone-resistant
tumors

Between 10-20% of patients with PCa become re-
sistant to ADT. This is called castration-resistant
prostate cancer (CRPC) (32). This type of cancer
is linked to genetic disorders such as mutation or
replication of the androgen receptor (AR) gene,
or overexpression of the genes responsible for the
conversion of androgens into dihydrotestosterone
(33). In these cases, administering metformin is re-
commended due to its safe pharmacological pro-
file, its established synergy with other treatments
(PIBK/ Akt inhibitors and antiandrogens), and its
therapeutic action against the side effects of these
treatments (nausea, vomiting, diarrhea, and hyper-
glycemia) (34). Although both metformin and the

combination of antiandrogens and PI3K inhibitors
each cause diarrhea, the interaction of these drugs
does not increase the occurrence of diarrhea compa-
red to monotherapy (35).

Given the observed disruption to the PI3K/ Akt
pathway (by 42% in localized PCa cases and by
100% in advanced stages) (36), this mechanism has
become the target of new clinical trials involving
CRPC (37). Inhibitors are being used to disrupt the
three main components of the mechanism: PI3K,
Akt, and mTOR. The inhibitors of PI3K and Akt are
the most effective. However, these drugs are not
effective in monotherapy and must be used together
with other treatments, such as the PI3K/ Akt-andro-
gen dual blockade (38). The use of antiandrogens
in CRPC cases is senseless in principle; however, it
has been noted that this resistance is reversible due
to the activation of Akt (PKB). Therefore, the inhibi-
tion of the Akt pathway restores the responsiveness
to androgens, predominantly in PTEN mutant cells
(39). Cellular experimental models confirmed this
fact. Nevertheless, the results of clinical trials vary
due to the difference in the blockade produced by
certain inhibitors and the inefficiency of some an-
tiandrogens. These trials suggest that the optimal
combination would be a PI3K or Akt inhibitor com-
bined with a new-generation antiandrogen, whose
therapeutic effect could be improved with the use
of metformin (40-42).

3.5. Effects of metformin on quiescent cancer stem
cells

Amongst cancer cells resistant to ADT, there are
cancer stem cells which remain in quiescent state
after therapy. This reservoir of stem cells, identified
by distinct markers which are listed in Table 2, can
proliferate again at any time and cause a recurren-
ce of the cancer. There is evidence that metformin
can selectively act in stem cells to inhibit the can-
cer proliferation and sensitize them to enhance the
effects of other treatments (43, 44). It is important to
highlight that the cells must express the membrane
transporter OCT1 in order for metformin to correct-
ly tulfill its antineoplastic properties. This transpor-
ter allows the mitochondrial membrane potential
to attract metformin into the mitochondria, thus
reaching high concentrations. However, the expres-
sion of OCT1 in prostate cancer stem cells has not
been demonstrated yet (45).

3.6. Discussion of the antineoplastic effects of
metformin

A decrease in tumor proliferation was determined in
vitro in mice, however, the doses used in this type of
studies are between 100 and 300 times higher than
those used in standard antidiabetic treatments (14).



4. Conclusion

Whilst evidence outlines the potential benefits of
metformin in PCa, further research is needed to
explain critical questions that remain unanswered.
For example, it is still unclear whether the effects
of metformin are limited to specific populations
and tumors, whether the conventional antidiabe-
tic dose is the optimal anticancer dose, or whether
metformin plays a role in the prevention or in the
treatment of PCa, or in both. In addition, the poten-
tial side effects have not been studied thoroughly
enough.

Metformin is an oral antidiabetic drug with an-
titumor effects in vitro. However, the true poten-
tial of metformin as an antineoplastic agent is yet
to be established. There are numerous confounding
factors in retrospective studies and there is a lack
of research involving non-diabetics. This raises the
question of whether it is actually the management
of diabetes, and not metformin itself, that lowers
the risk of developing cancer and increases the sur-
vival rate in cancer patients (particularly those un-
dergoing ADT). Yet again, further, more extensive
studies are needed to assess the long-term effects of
metformin.

Preliminary evidence on the potential benefits of
metformin in PCa, especially when used in combi-
ned therapy, justifies further investigation. Future
studies should follow critical and rigorous metho-
dology to determine if the effects of metformin can
have real clinical impact.

Conflicts of interest statement

The authors declare that there are no conflicts of in-
terest in this article.

References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA Cancer
J Clin. 2015;65(1):5-29.

2. Owen MR, Doran E, Halestrap AP. Evidence that metformin exerts
its anti-diabetic effects through inhibition of complex 1 of the mito-
chondrial respiratory chain. Biochem J. 2000;348(3):607-14.

3. Hardie DG, Ross FA, Hawley SA. AMPK: a nutrient and energy
sensor that maintains energy homeostasis. Nat Rev Mol Cell Biol.
2012;13(4):251-62.

4. Miller RA, Birnbaum M]J. An energetic tale of AMPK-independent
effects of metformin. J Clin Invest. 2010;120:2267-70.

5. Zingales V, Distefano A, Raffaele M, Zanghi A, Barbagallo I,
Vanella L. Metformin: A Bridge between Diabetes and Prostate
Cancer. Front Oncol. 2017; 7:243.Whitburn J, Edwards CM, Soo-
riakumaran P.

6. Das TP, Suman S, Alatassi H, Ankem MK, Damodaran C. Inhibi-
tion of AKT promotes FOXO3a- dependent apoptosis in prostate
cancer. Cell Death Dis. 2016, 7:e2111.

7. WangY, Yao B, Wang Y, Zhang M, Fu S, Gao H, et al. Increased
FoxM1 expression is a target for metformin in the suppression of
EMT in prostate cancer. Int ] Mol Med. 2014; 33(6):1514-22.

8. Akinyeke T, Matsumura S, Wang X, Wu Y, Schalfer ED, Saxena A,
et al. Metformin targets c-MYC oncogene to prevent prostate can-
cer. Carcinogenesis. 2013; 34(12):2823-32.

9. Demir U, Koehler A, Schneider R, Schweiger S, Klocker H. Met-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Archivos de Medicina Universitaria | Vol. 1, num. 1

formin anti-tumor effect via disruption of the MID1 translational
regulator complex and AR downregulation in prostate cancer cells.
BMC Cancer. 2014; 14:52.

Wojciechowska J, Krajewski W, Bolanowski M, Krecicki T, Zatoris-
ki T. Diabetes and cancer: a review of current knowledge. Exp Clin
Endocrinol Diabetes. 2016;124:263-75.

Qin G, Xu F, Qin T, Zheng Q, Shi D, Xia W, et al. Palbociclib in-
hibits epithelial-mesenchymal transition and metastasis in breast
cancer via c-Jun/ COX-2 signaling pathway. Oncotarget. 2015;
6(39):41794-808.

Hitron A, Adams V, Talbert J, Steinke D. The influence of antidia-
betic medications on the development and progression of prostate
cancer. Cancer Epidemiol. 2012; 36(4):e243-50.

Tseng CH. Diabetes, metformin use, and colon cancer: a popu-
lation-based cohort study in Taiwan. Eur ] Endocrinol. 2012;
167(3):409-16.

Ben Sahra I, et al. The antidiabetic drug metformin exerts an an-
ti-tumoral effect in vitro and in vivo through a decrease of cyclin D1
level. Oncogene. 2008;27(25):3576-86.

Whitburn J, Edwards C, Sooriakumaran P. Metformin and Prosta-
te Cancer: a New Role for an Old Drug. Current Urology Reports.
2017;18(6):46.

Joshua AM, et al. A pilot ‘window of opportunity’ neoadjuvant
study of metformin in localised prostate cancer. Prostate Cancer
Prostatic Dis. 2014;17(3):252-8.

Bowker SL, et al. Increased cancer-related mortality for patients
with type 2 diabetes who use sulfonylureas or insulin. Diabetes
Care. 2006;29(2):254-8.

Libby G, et al. New users of metformin are at low risk of incident
cancer: a cohort study among people with type 2 diabetes. Diabetes
Care. 2009;32(9):1620-5.

Bo S, Ciccone G, Rosato R, Villois P, Appendino G, Ghigo E, et
al. Cancer mortality reduction and metformin: a retrospective co-
hort study in type 2 diabetic patients. Diabetes Obes Metab. 2012;
14(1):23-9.

Wu GF, Zhang XL, Luo ZG, Yan JJ, Pan SH, Ying XR, et al. Metfor-
min therapy and prostate cancer risk: a meta-analysis of observatio-
nal studies. Int ] Clin Exp Med. 2015; 8(8):13089-98.

Yin M, Zhou ], Gorak EJ, Quddus F. Metformin is associated with
survival benefit in cancer patients with concurrent type 2 diabetes: a
systematic review and meta-analysis. Oncologist. 2013;18:1248-55.

Kordes S, et al. Metformin in patients with advanced pancreatic
cancer: a double-blind, randomised, placebo-controlled phase 2
trial. Lancet Oncol. 2015;16(7):839-47.

Sayed R, et al. Metformin addition to chemotherapy in stage IV
non-small cell lung cancer: an open label randomized controlled
study. Asian Pac ] Cancer Prev. 2015;16(15):6621-6.

Reni M, et al. (Ir)relevance of metformin treatment in patients with
metastatic pancreatic cancer: an open-label, randomized phase II
trial. Clin Cancer Res. 2016;22(5):1076-85.

Rastmanesh R, Hejazi J, Marotta F, Hara N. Type 2 diabetes: a pro-
tective factor for prostate cancer? An overview of proposed mecha-
nisms. Clin Genitourin Cancer. 2014;12:143-8.

Litwin MS, Tang H. The diagnosis and treatment of prostate cancer.
JAMA. 2017; 317(24): 2532-2542. doi:10.1001

Tseng CH. Metformin significantly reduces incident prostate can-
cer risk in Taiwanese men with type 2 diabetes mellitus. Eur ] Can-
cer. 2014;50:2831-7.

Etheridge T, Damodaran S, Schultz A, Richards KA, Gawdzik J,
Yang B, et al. Combination therapy with androgen deprivation
for hormone sensitive prostate cancer: A new frontier. AJUR.
2019;6:57-64.

Ojeda S, Lloret M, Naranjo A, Déniz F, Chesa N, Dominguez C, et
al. Deprivacion androgénica en cancer de préstata y riesgo de frac-
tura a largo plazo. Actas Urol Esp. 2017; 41(8): 491-496.

Gravis G, Fizazi K, Joly F, Oudard S, Priou F, Esterni B, et al. An-
drogen-deprivation therapy alone or with docetaxel in non-cas-
trate metastatic prostate cancer (GETUG-AFU 15): a randomised,
open-label, phase 3 trial. Lancet Oncol. 2013;14:149-58.

Gamat M, McNeel DG. Androgen deprivation and immunothe-
rapy for the treatment of prostate cancer. ERC. 2017;24:297-310.
doi:10.1530.

Ahmadi H, Daneshmand S. Androgen deprivation therapy for
prostate cancer: long-term safety and patient outcomes. PROMs.
2014;5:63-70. doi: 10.2147.

Richards KA, Liou JI, Cryns VL, Downs TM, Abel E]J, Jarrard DF.
Metformin use is associated with improved survival in patients
with advanced prostate cancer on androgen deprivation therapy.
J Urol. 2018;200:1256-63. doi: 10.1016.




The Frontiers of Metformin: From Diabetes to Prostate Cancer

34. Nobes JP, Langley SE, Klopper T, et al. A prospective, randomized
pilot study evaluating the effects of metformin and lifestyle inter-
vention on patients with prostate cancer receiving androgen depri-
vation therapy. BJU Int. 2012;109:1495-502. doi: 10.1111/j.

35. Taylor BS, Schultz N, Hieronymus H. Integrative genomic profiling
of human prostate cancer. Cancer Cell. 2010; 18:11-22.

36. Kirby M, Hirst C, Crawford ED. Characterising the castration-re-
sistant prostate cancer population: a systematic review. Int J Clin
Pract. 2011; 65:1180-1192.

37. Edlind MP, Hsieh AC. PI3K-AKT-mTOR signaling in prostate
cancer progression and androgen deprivation therapy resistance.
Asian ] Androl. 2014; 16(3):378-386.

38. Delma MI. Three May Be Better Than Two: A Proposal for Met-
formin Addition to PI3K/ Akt Inhibitor-antiandrogen Combination
in Castration-resistant Prostate Cancer. Cureus. 2018; 10(10):e3403.

39. Rothermundt C, Hayoz S, Templeton AJ, et al. Metformin in che-
motherapy-naive castration resistant prostate cancer: a multicenter
phase 2 trial (SAKK 08/09). Eur Urol. 2014; 66:468- 474.

40. Bitting RL, Armstrong AJ. Targeting the PI3K/Akt/mTOR pa-
thway in castration-resistant prostate cancer. Endocr Relat Cancer.
2013; 20: R83-R99.

41. Carver BS, Chapinski C, Wongvipat ], et al. Reciprocal feedback
regulation of PI3K and androgen receptor signaling in PTEN-defi-
cient prostate cancer. Cancer Cell. 2011; 19:575-586.

42. Khan KH, Wong M, Rihawi K, Bodla S, Morganstein D, Banerji
U, Molife LR. Hyperglycemia and phosphatidylinositol 3-kinase/
protein kinase B/mammalian target of rapamycin (PI3K/AKT/
mTOR) inhibitors in phase I trials: incidence, predictive factors, and
management. Oncologist. 2016, 21: 855-860.

43. ZongY, Goldstein AS. Adaptation or selection-mechanisms of cas-
tration-resistant prostate cancer. Nat Rev Urol. 2013; 10: 90-98.

44. Saini N, Yang X. Metformin as an anti-cancer agent: actions and
mechanisms targeting cancer stem cells. ABBS. 2017; 50: 133-143.
doi: 10.1093

45.  Pollak M. Potential applications for biguanides in oncology. ] Clin
Invest. 2013;123:3693-3700.

Annex I: Tables

Side effects Prevalence Suggested treatment

Hot flashes 80% Hormonal medication. Selective inhibitors of

serotonin and norepinephrine reuptake. Others.

Fatigue 43% Supervised exercise 2-3 times/week. Continue
exercise as needed.

Sexual dysfunction | B0% Individualized psychological education and
therapy. Pharmacological measures,

Bone complications | 20% Prophylaxis. Lifestyle modifications. Treatment
according to the patient's situation.

Anemia 90% In severe anemias: correct nutritional deficits,
erythropoiesis stimulating agents and regular
blood transfusions.

Metabolic and/or 14-70% Prophylaxis and secondary prevention measures.
cardiovascular Metformin (850 mg daily 2 weeks, then 850 mg
twice daily) accompanied by lifestyle
modifications (diet and exercise). Exercise

programme.
Cognitive 45% Combined endurance and aerobic exercise
dysfunction program (3 months)

Table 1: Prevalence of common side effects of androgen deprivation therapy and recommended therapeutic
options.

Adapted from: Ahmadi H, Daneshmand S. Androgen deprivation therapy for prostate cancer: long-term safety and patient outcomes. PROMs.
2014;5:63-70. doi: 10.2147EN 1_art7-1.jpg
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Figure 1: Direct and indirect pathways of the antineoplastic effect of metformin.

Source: Whitburn J, Edwards C, Sooriakumaran P. Metformin and Prostate Cancer: a New Role for an Old Drug. Current Urology Reports.

2017;18(6):46.
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