1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Diabetologia. Author manuscript; available in PMC 2018 September 01.

-, HHS Public Access
«

Published in final edited form as:
Diabetologia. 2017 September ; 60(9): 1639-1647. doi:10.1007/s00125-017-4372-6.

Repurposing metformin for the prevention of cancer and cancer
recurrence

Brandy M. Heckman-Stoddardl, Andrea DeCensi23, Vikrant V. Sahasrabuddhel, and Leslie
G. Ford?

1Division of Cancer Prevention, National Cancer Institute, 9609 Medical Center Drive, Bethesda,
MD20892, USA

2Division of Medical Oncology, Ente Ospedaliero Ospedali Galliera, Genoa, Italy

SWolfson Institute of Preventive Medicine, Queen Mary University of London, London, UK

Abstract

Multiple epidemiological studies have documented an association between metformin, used for
treatment of type 2 diabetes, and reduced cancer incidence and mortality. Cell line models may not
accurately reflect the effects of metformin in the clinical setting. Moreover, findings from animal
model studies have been inconsistent, whilst those from more recent epidemiological studies have
tempered the overall effect size. The purpose of this review is to examine metformin's
chemopreventive potential by outlining relevant mechanisms of action, the most recent
epidemiologic evidence, and recently completed and ongoing clinical trials. Although repurposing
drugs with excellent safety profiles is an appealing strategy for cancer prevention and treatment in
the adjuvant setting, there is no substitute for well-executed, large randomised clinical trials to
define efficacy and determine the populations that are most likely to benefit from an intervention.
Thus, enthusiasm remains for understanding the role of metformin in cancer through ongoing
clinical research.
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Introduction

Metformin, a biguanide, is the first-line treatment for type 2 diabetes mellitus as an oral
glucose-lowering agent. It decreases hepatic gluconeogenesis and improves insulin
sensitivity by increasing peripheral glucose uptake and use, lowering both basal and
postprandial plasma glucose [1]. It was first approved in the UK in 1958, followed by
Canada in 1972, and then the USA in 1994 [2]. The most common side effects that occur in
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Molecular

> 5% of patients include diarrhoea, nausea/vomiting, flatulence, indigestion, abdominal
discomfort, lack of energy and headache [1]. Lactic acidosis is a rare but potentially fatal
side effect that can be avoided by checking and monitoring renal function. This tolerable and
safe profile, in addition to its low cost as a generic drug, has made metformin an excellent
candidate for repurposing. The ease of access to metformin has led to a multitude of
preclinical and clinical investigations, as a single agent and in combination with other
agents, for both cancer prevention and treatment. According to Web of Science (http://
wok.mimas.ac.uk, accessed 15 March 2017:), publications on ‘metformin” AND ‘cancer’
have increased from < 40 in 2008 to almost 500 per year in 2015 and 2016, with more than
12,000 citations in 2016. In this review, we provide an update of the recent progress in this
field and provide insights into the clinical development of metformin as both a preventive
and adjuvant intervention for cancer.

mechanisms

The potential molecular mechanisms of metformin in cancer prevention and treatment have
been extensively reviewed. Metformin is thought to have two potential routes of action that
contribute to its anti-neoplastic activity: (1) an indirect route related to its insulin-lowering
activity, which may slow tumour proliferation in individuals with hyper insulinaemia; and
(2) direct action in target tissues against respiratory Complex | of the electron transport
chain in mitochondria of preneoplastic and neoplastic cells, reducing energy consumption in
the cell [3]. Both routes of action involve the activation of AMP-activated protein kinase
(AMPK) by metformin, which inhibits the mammalian target of the rapamycin (nTOR)
pathway, reducing cell proliferation, and inducing apoptosis and cell-cycle arrest [4, 5].
Depending on the target organ, the mechanism of metformin action may be direct, indirect
or a combination of the two.

Indirect action of metformin involves the insulin/IGF-1 pathway, which is activated in a
setting of nutrient availability [6]. By activating both the phosphatidylinositol-4,5-
bisphosphate 3-kinase (PI3K)/Akt/mTOR and the Ras/Raf/mitogen-activated protein kinase
(MAPK) pathways, insulin/IGF-1 activity contributes to increased cell growth and
proliferation. Metformin decreases hepatic glucose output, increasing muscle uptake of
glucose and reducing plasma insulin levels, which in turn may reduce proliferation of both
preneoplastic and neoplastic cells. Metformin may also affect cancer cells indirectly through
modulation of the immune response [7].

Metformin is hydrophilic (logD [where Dis distribution-coefficient] of 26.13 at pH 6.0) and
charged at all physiological pH values (pKj [the logarithmic constant of the acid dissociation
constant (K3)] is 12.4), requiring transporters to cross the cell membrane for direct action
[8]. These include the organic cation transporters (OCT) 1-3, plasma monoamine transporter
(PMAT) and the multidrug and toxin extrusion protein (MATE) 1 and 2 [1, 9]; OCT1 is
critical for uptake into hepatocytes [10]. The expression of metformin transporters is
variable across tumour cell lines and has been shown to be downregulated in breast tumour
tissues in comparison to adjacent nonmalignant tissues [11]. In human cancer cell lines,
which are known to express OCT1, metformin has been shown to decrease cell proliferation
through inhibition of Complex | [12]. However, often the transporter expression is not
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examined in these types of mechanistic, as well as clinical, studies. Furthermore,
experiments involving a broad range of cancer cell lines grown in a low-glucose
environment suggested that defects in glucose utilisation and mitochondrial function may
predict sensitivity to metformin [13]. In women undergoing surgery for ovarian cancer who
were taking metformin vs matched women who were not taking metformin, using
metabolomics investigators showed metformin to be present in the ovarian tissue along with
altered mitochondria metabolism, suggesting a direct effect of metformin on tumours, at
clinical doses [14].

In addition to the role of metformin in cellular proliferation and apoptosis, metformin has
been shown to inhibit many other cancer pathways. This includes blocking invasion of
tumour cells by inhibiting matrix metalloproteinase-9 activation [15], activating growth
suppressors through phosphorylation of retinoblastoma protein (pRb) resulting in Go/G;
arrest in prostate cancer cells [16] and inhibiting cancer stem-cell activity [17].

Epidemiological evidence

A substantial body of observational studies, reviewed in numerous systematic reviews, have
examined the effect of metformin on overall cancer incidence and mortality, as well as
individual cancer sites. Multiple meta-analyses of case—control and cohort studies have now
reported a decrease in overall cancer incidence of approximately 10 to 40% with metformin
use, along with a decrease in mortality by a similar range [18-28] (Table 1, modified from
[29]). In contrast, meta-analyses of RCTs have shown a non-significant change in cancer
incidence [28]; however, the randomised trials included were conducted to treat diabetes or
reduce cardiovascular events and had baseline median ages ranging from 47 to 60 and short
follow-up time, making them underpowered to detect an effect on cancer incidence. We also
performed a meta-analysis, paying particular attention to biases and confounders following a
review by Suissa and Azoulay underscoring the prevalence of time-related biases in
observational studies and their potential to inflate estimates of the protective effect of
metformin [30]. Similar to prior studies, we found the overall reduction of cancer incidence
with metformin use was 30 to 40%; however, excluding time-biased studies, the reduction in
overall cancer incidence was only 10%, albeit still statistically significant [24].

Metformin has been associated with a decreased risk of breast, colon, liver, pancreas,
prostate, endometrium and lung cancer across meta-analyses. Besides time bias, individual
organ-specific confounders are also important. For lung cancer, overall and time-unbiased
analyses point to a protective effect of metformin with a summary RR (SRR) of 0.82 (95%
Cl 0.67, 0.99), whereas adjustment for smoking, the leading cause of lung cancer, resulted in
loss of significance with an SRR of 0.95 (95% CI 0.82, 1.11). A recent meta-analysis that
focused on the role of metformin and colorectal adenoma, a precursor to colorectal cancer,
showed a pooled OR of 0.76 (95% CI 0.63, 0.92). However, they also noted publication bias
against negative studies [31]. Metformin use has previously been shown to be associated
with a reduced risk of colorectal cancer [32-34].

Compared with cancer incidence, the effect of metformin on cancer mortality is informed by
fewer studies and, thus, site-specific analyses of the effects of metformin on overall
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mortality have not been performed in older meta-analyses [24]. However, more recent meta-
analyses have focused on the impact of metformin on site-specific cancer mortality and
overall survival, as reviewed in Table 2 [26, 27, 35-43]. These analyses have shown marked
reductions in cancer-specific mortality for colon, lung and early-stage prostate cancer, and
improvements in overall survival for breast, colon, gynaecological (endometrial and
ovarian), liver, lung, prostate, and pancreatic cancer.

Taken together, these results point out the inconsistent evidence from epidemiological
studies that often do not completely capture or misclassify important information prior to
analysis, such as the dose and duration of metformin therapy, diabetes history (duration and
progression diabetes), changes in glucose-lowering medications, and the potential that
participants may be taking multiple combined glucose-lowering medications [44].
Therefore, while most studies, including our meta-analysis, suggest that metformin use is
associated with a reduced risk of cancer and death from cancer, the effect size may be
smaller than previously believed.

Reported clinical trials

To date, there are 17 clinical trials that have examined the effect of metformin on cancer
related biomarkers and reported results (Table 3; adapted from [29]). The studies were
conducted in various disease settings, spanning at risk participants, individuals with
preneoplastic lesions, individuals who were awaiting surgical excision, and those receiving
metformin in an adjuvant setting.

A multicentre randomised trial of metformin in individuals with Barrett's oesophagus who
were taking a proton pump inhibitor showed no significant change in phospho-serine 6
kinase (pS6K), a biomarker of insulin pathway activation, comparing baseline endoscopy
biopsies with end of study biopsies [45]. Non-steroidal anti-inflammatory drug (NSAID) use
was allowed in the study to aid patient accrual. Since NSAIDs are associated with decreased
cancer risk, this may have affected the study's ability to observe an effect.

Two studies examined various doses of metformin given for 3 to 6 months to women after
completion of chemotherapy and radiation for breast cancer [41, 42]. The first study
examined specifically-selected women whose plasma levels of insulin were at least 45
pmol/l [46]. This group was selected based on a prior cohort study that showed women with
these characteristics were at an increased risk of breast cancer [47]. In this study, metformin
decreased circulating insulin levels by 22.4% (p=0.024) [46]. The second study enrolled
women with elevated testosterone levels and compared two doses of metformin (1000
mg/day vs 1500 mg/day); the higher dose significantly reduced serum testosterone levels
and free androgen index compared with the lower dose [48]. These findings demonstrate that
metformin could reduce serum markers associated with breast cancer risk.

Four trials have examined the short-term effects (1-4 weeks) of various doses of metformin
on cell proliferation (as assessed by the expression of Ki-67) in tissues from women
awaiting surgery for breast cancer (presurgical trials) [44-47]. One of these trials found a
3.4% reduction in Ki-67 (p=0.027) in the metformin arm, comparing biopsies at diagnosis
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with biopsies at the time of surgery [49]. However, in the largest randomised, double-blind,
placebo-controlled study of the effect of metformin on Ki-67 expression in breast cancer, the
change in Ki-67 between diagnostic biopsy and surgical specimen was not significant
relative to placebo [50]. Although, women with higher insulin resistance (HOMA-IR >2.8)
had a non-significant decrease in Ki-67 expression of 10.5%, while women with no/lower
insulin resistance (HOMA-IR <2.8) had a non-significant increase in expression (11.1%).
The interaction between insulin resistance (as measured by the HOMA-IR) and metformin
with regard to Ki-67 expression was statistically significant (0=0.045) [50]. A third, single-
arm trial reported a decrease in Ki-67 levels, from 36.5% to 33.5% (=0.016), after a median
of 18 days of metformin treatment (diagnostic biopsy vs surgical specimen) [51], while a
recently completed study in a majority Hispanic population with a historical control group
matched for age, BMI and stage, showed no reduction in Ki-67 in the metformin arm or in
the untreated control group, when baseline biopsies were compared with surgical excisional
specimens [52].

Multiple studies have examined the effect of metformin on colon cancer prevention. The
number of aberrant crypt foci (ACF; a putative precursor of colon cancer) was examined in
individuals with pre-existing ACF, randomising participants to very low dose metformin
(250 mg/day) or no treatment for 1 month [53]. A significant decrease in ACF (mean £ SD),
from 8.78 £ 6.45t0 5.11 + 4.99 (p=0.007), was observed in the metformin arm but not in the
control group. A follow-up Phase I11, multicentre, double-blind, placebo-controlled trial
performed by the same group randomised participants with a history of colorectal adenoma
to either metformin at 250 mg/day (7= 151) or placebo (n7=143) for 1 year. Seventy-one
participants in the metformin arm and 62 in the placebo group had an end-of-study
colonoscopy and the RR of adenomas was 0.60 (95% CI 0.39, 0.92) [54]. A multicentre
single-arm study also examined a similar population with a history of adenoma in the
previous 3 years, with BMI = 30 kg/m?2. Participants were given metformin at an escalating
dose, from 500 to 2000 mg/day for 12 weeks. No significant changes in the primary
endpoint, pS6K levels, were observed (Clincal Trials.gov registration no. NCT01312467).

The role of metformin in endometrial cancer prevention is of particular interest because of
the strong association between endometrial cancer and obesity, and the use of metformin for
the treatment of polycystic ovary syndrome, a common condition that is associated with
increased risk of endometrial cancer. Four studies have been reported in women with early-
stage endometrial cancer and/or endometrial hyperplasia who were treated with metformin
prior to hysterectomy [51-55]. Among women with Stage 1-2 endometrioid endometrial
cancer and a BMI = 30 kg/m?, treatment with 850 mg/day metformin resulted in an 11.75%
reduction in Ki-67 (p=0.008) [55]. In addition, using serum metabolomics, this study
showed a greater modulation in lipid metabolism among metformin responders vs non-
responders, which the authors suggest support an indirect mechanism of metformin action
on cell proliferation [55]. Another study in individuals with endometrioid endometrial
cancer with dosage escalation of metformin from 750 mg/day to 1500 mg/day or 2250
mg/day (based on the individual's tolerance of metformin), for 4 weeks prior to surgery
showed a 44.2% decrease in Ki-67 with metformin use (p < 0.001), with no significant
change in the untreated historical control group [56]. This study also examined the
concentration of metformin in endometrial tissue, which was found to be 1.2-5.1 umol/kg
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wet weight (approximately 20% of that in plasma), demonstrating that metformin was
present in the endometrium [56]. In a non-randomised study of women with biopsy-proven
endometrial hyperplasia or endometrioid endometrial cancer, 28 women were treated with
850 mg of metformin twice daily, while 12 women received no drug. A significant adjusted
mean difference in Ki-67 of -17.2% (p = 0.002) was observed in the metformin group vs
control group [57]. Another study examined fertility preservation in women with
endometrial hyperplasia or Grade 1 endometrial cancer using dose-escalated metformin
therapy, from 750 mg/day to 1500 mg/day, in combination with 400 mg/day medroxy
progesterone acetate and 100 mg/day aspirin for 24 weeks, followed by a low-dose
monophasic agent (1 mg norethisterone and 0.035 mg ethinylestradiol per day) for six
menstrual cycles [58]. Two participants showed progression to advanced cancer at 12 weeks,
while 29 achieved a complete response (regression of disease) and five had a partial
response (down-staging of disease) at 36 weeks, with 16 of these individuals going on to
conceive [58].

A single study has examined the role of metformin in head and neck squamous cell
carcinoma (HNSCC) prior to surgery, with change in stromal caveolin-1 (CAV1) and
monocarboxylate transporter 4 (MCT4) as the primary endpoint, with the rationale that
metformin targets cells with altered glycolysis, which has been shown in cancer-associated
fibroblasts particularly in HNSCC [59]. Low CAV1 and increased MCT4 levels are
associated with aggressive disease in HNSCC. The study showed a significant increase in
CAV1 but no change in MCT4 in 33 evaluable participants between baseline biopsy and
surgical specimen [59].

Finally, two studies have evaluated metformin in men with prostate cancer treated with
metformin (500 mg three times daily) for 4-12 weeks prior to surgery [56, 57]; a single-arm
study examined change in Ki-67, comparing diagnostic biopsy with tissue from
prostatectomy, showing an absolute decrease in the Ki67 proliferation index (percentage of
nuclei showing nuclear immunoreactivity of any intensity) of 1.44 %, which amounted to a
statistically significant relative decrease from baseline of 29.5% (o = 0.006) [60]. The
second randomised study demonstrated no difference in cell proliferation in prostatectomy
samples between eight individuals in the metformin group (mean Ki-67, 6.38 %) at surgery
compared with nine individuals in the placebo group at surgery (mean Ki-67, 5.19 %)
(ClinicalTrials.gov registration no. NCT01433913). Baseline Ki-67 was not evaluated in this
study. This study also evaluated metformin concentration in the prostate tissue, but the data
are not yet published.

Ongoing clinical trials

An analysis of clinical trials registered on Clinical Trials.gov (clinicaltrials.gov/, accessed 15
March 2017) revealed an additional 23 trials examining the effect of metformin in
participants at risk of cancer, 30 presurgical studies and 30 studies in the adjuvant setting.
This is a significant increase from a similar analysis of ongoing studies conducted in 2011,
in which there were three studies examining the effect of metformin in participants at risk
for cancer, nine presurgical studies and seven studies in the adjuvant setting. The ongoing
studies examine similar endpoints, including pharmacodynamic markers, such as tumour/
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tissue levels of pS6K, or other measures of AMPK signalling. Many of the studies examine
surrogate endpoints for cancer, such as atypia or breast density for breast cancer, or change
in prostate specific antigen (PSA) for prostate cancer. As has been reported in many studies,
accrual to clinical trials is challenging with many pilot studies closing because of poor
accrual.

Building on results from early phase studies (described above) and other preclinical and
observational epidemiological data, several Phase 111 studies are currently (2017) ongoing.
For example, a Phase Il randomized, placebo-controlled study in men with biopsy-proven,
low-risk localised prostate cancer, undergoing active surveillance, is examining time to
progression of prostate cancer with metformin (Clinical Trial.gov registration no.
NCT01864096). Further, the National Cancer Institute of Canada (NCIC) MA. 32 trial, a
Phase Il adjuvant breast cancer trial, has randomised 3649 women within 12 months of
diagnosis who have completed chemotherapy and radiation to metformin 850 mg twice a
day (850 mg/day during weeks 1-4) vs placebo for 5 years (Clinical Trial.gov registration no.
NCT01101438). The primary endpoint is invasive disease-free survival. This study is fully
accrued with an estimated completion date of July 2020. There was also a Phase 111 study
planned in 408 individuals with hepatitis C liver cirrhosis, examining treatment with 1000
mg twice daily metformin vs placebo for 36 months, with the primary endpoint of rate of
hepatocellular carcinoma occurrence and liver-related death or transplantation. This study
was started in June 2015 but was terminated at the decision of the investigator in April 2016
after 11 participants were accrued (ClinicalTrial.gov registration no. NCT02319200). The
Diabetes Prevention Program was a Phase 111 study that started in 1996 to examine the
influence of metformin and intensive lifestyle intervention compared with placebo on
progression from impaired glucose tolerance to diabetes. The follow-up to this study (the
Diabetes Prevention Program Outcomes Study [Clinical Trial.gov registration no.
NCT00038727]) has continued to actively follow this cohort, with open-label use of
metformin in the original metformin arm, to examine progression to diabetes as well as the
development of long-term diabetes complications. The study group has also retrospectively
collected medical records for cancer that have been reported over the course of the study and
will continue to collect data on cancer outcomes as part of an extension to the original
clinical trial [61]. This study is unique because of the extensive length of longitudinal
follow-up, the use of glucose tolerance tests to robustly identify disease (diabetes) onset, and
availability of excellent data on dosing, exposure and compliance to metformin.

Conclusions

There is a long history and much clinical experience with metformin that makes it a very
attractive candidate for drug repurposing for cancer prevention. Data on the potential
mechanisms of metformin action for cancer prevention and treatment, as well as additional
longitudinal epidemiological data from new and previously-examined cohorts, continues to
accumulate. There is biological plausibility for a cancer preventive effect of metformin,
given multiple ways that it can interfere with cancer promoting signalling pathways.
However, both animal and epidemiological studies have shown somewhat mixed effects. The
epidemiological literature has largely evaluated individuals with diabetes, and the cancer-
preventive effect is of lesser magnitude than previously reported once appropriate
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adjustments have been made to account for various biases and confounders. It remains to be
determined whether a similar protective effect can be demonstrated in individuals without
diabetes or in individuals with impaired fasting glucose. Multiple clinical trials have
reported promising results, but Phase 111 studies are ongoing and these will provide the best
evidence. Additional studies may be needed as data becomes available to elucidate those that
are most likely to benefit from metformin treatment for the prevention of cancer and its
recurrence.
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M eta-analyses examining the effect of metformin use on cancer incidence and mortality

Study authors (date)

Association of metformin use with overall cancer incidence,
SRR (95% CI)

Association of metformin use with
overall cancer mortality, SRR (95% CI)

DeCensi et al (2010) [18]

0.68 (0.52, 0.88)

0.70 (0.51, 0.96)

Noto et al (2012) [20]

0.67 (0.53, 0.85)

0.66 (0.49, 0.88)

Soranna et al (2012) [21]

0.61 (0.54, 0.70)

ND

Stevens et al (2012) [28]

1.02 (0.82, 1.26)4

ND

Thakkar et al (2013) [22]

1.01 (0.81, 1.26)2
0.70 (0.67, 0.73)0
0.90 (0.84, 0.98)¢

ND

Franciosi et al (2013) [19]

0.98 (0.81, 1.19)4
0.73 (0.61, 0.88)

0.65 (0.53, 0.80)

Zhang et al (2013) [25]

0.73 (0.64, 0.83)

0.82 (0.76, 0.89)

Lega et al (2014) [26]

ND

0.74 (0.62, 0.88)

Zhang and Li (2014) [27]

ND

0.70 (0.55, 0.88)

Gandini et al (2014) [24]

0.69 (0.52, 0.90)
0.95 (0.69, 1.30)4
0.90 (0.89, 0.91)4

0.66 (0.54, 0.81)

Wu et al (2015) [23]

0.86 (0.83, 0.90)

1.05 (0.94, 1.18)@
0.88 (0.83, 0.92)0
0.71 (0.63, 0.80)¢

0.70 (0.53, 0.94)
0.91 (0.37, 2.23)4
0.66 (0.49, 0.89)0

Table modified from [26]
Ret
bCohort study

c
Case—control study

dAdjusted for time bias

ND, no data
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M eta-analyses examining the effect of metformin use on cancer site-specific mortality

Cancer Site | Study authors (date) Association of metformin usewith cancer Association of metformin use with overall
site-specific mortality, HR (95% CI) mortality, HR (95% CI)
Breast Yang et al (2015) [35] ND 0.70 (0.51, 0.96)
Colon Lega et al (2014) [26] 0.65 (0.56, 0.76) ND
Zhang and Li (2014) [27] ND 0.70 (0.59, 0.84)
Coyle et al (2016) [39] 0.58 (0.39, 0.86) 0.69 (0.58, 0.83)
Endometrial | Perez-Lopez et al (2017) [36] | ND | 0.64 (0.45, 0.89)
Liver | Ma et al (2016) [37] | ND | 0.59 (0.42, 0.83)
Lung Wan et al (2016) [38] 0.65 (0.52, 0.83) 0.78 (0.64, 0.93)
Tian et al (2016) [42] ND 0.90 (0.84, 0.96)
Ovarian Zhang and Li (2014) [27] ND 0.44 (0.30, 0.64)
Prostate Raval et al (2015) [43] 0.76 (0.43, 1.33) 0.86 (0.67, 1.10)
Coyle et al (2016)@ [39] 0.58 (0.37, 0.93) 0.82 (0.73, 0.93)
Stopsack et al (2016) [40] 0.76 (0.44, 1.31) 0.88 (0.86, 0.90)
Pancreas Zhou et al (2017) [41] ND 0.84 (0.73, 0.96)

a . .
Study focused on localised, early-stage disease

ND, no data
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Table 3
Completed clinical trials examining the effect of metformin on cancer biomarkers

Page 14

Organ site; Trial phase; Trial Study design Study population Planned Primary outcomed
registration number@ accrual (n);
evaluable
(n)
Barrett's oesophagus; Phase II; 500-2000 mg/day Barrett's oesophagus 22 | 74; 74 No significant change in
NCT01447927 [45] (dose-escalated); for 12 cm in length; daily PP1 pS6K levels; metformin
weeks; metformin vs for = 4 weeks; without vs placebo
placebo high-grade dysplasia
Breast; Phase I1 [46]b 500 mg three times per Women with IBC who 40; 22 22.4% decrease in insulin
day for 6 months completed therapy with levels (p=0.024)
fasting insulin = 45
pmol/l and glucose <
7.0 mmol/l
Breast; Phase 11; 2006-006236-22 [48] 1000 v. 1500 mg/day for | Postmenopausal women | 125; 96 1500 mg/day decreased
3 months with a history of IBC; 6 testosterone levels by
months post-surgery; on 23% (p<0.01) vs 1000
tamoxifen for at least 6 mg/day
months, planning to
continue use; or at least
6 months post
chemotherapy
Breast; Phase 1V; 2007-000306-70 [49] 500 mg/day for 1 week IBC Stage 1-2; > 1 cm; 47; 39 3.4 % decrease in Ki-67
followed by 1000 without history of (p=0.027); metformin vs
mg/day for 1 week; diabetes placebo
metformin vs placebo
Breast; Phase 11; 2008-004912-10 [50] 850 mg/day for 3 days Women; presurgical; 200; 196 No overall change in
followed by 850 mg without IBC Stage 111 Ki-67; 10.5% decrease in
twice daily (day 4-28) (not suitable for Ki-67 if HOMA-IR>2.8
for 4 weeks prior to neoadjuvant therapy) (pfor interaction =0.045);
surgery; metformin vs metformin vs placebo
placebo
Breast; NCT00897884€ [51] 500 mg twice daily for Women; aged < 70; 48; 39 3 % decrease in Ki-67 (p
2-3 weeks presurgical; IBC Stage =0.016)
-1V
Breast; Phase Il (pilot study); 500 mg in morning and Women; presurgical; 40; 32 No change in Ki-67
NCT00930579 [52] 1000 mg in the evening DCIS or operable IBC;
for 2 weeks BMI > 25 kg/m?
Colon; Phase 111 [53]JUMIN000001241 250 mg/day for 4 Presence of ACFs; 26; 23 Mean (+ SD) number of
weeks; metformin vs without concurrent use ACFs decreased from
control (untreated) of NSAIDs 8.78 (+ 6.45) t0 5.11
(% 4.99) in metformin arm
(p=0.007) vs control
Colon; Phase Il [54]JUMIN000006254 250 mg/day for 1 year; Prior single or multiple 151; 143 Polyps RR 0.67 (95% ClI
metformin vs placebo colorectal adenomas 0.47,0.97); Adenomas
resected by endoscopy RR 0.60 (95% CI 0.39,
0.92); metformin vs
placebo
Colon; Phase I1; NCT01312467 500 mg/day on days 1— Age 35-80; history of 45; 32 Non-significant change in
7, followed by 1000 adenoma in previous 3 pS6K Ser235
mg/day on days 814, years; BMI = 30 kg/m?
1500 mg/day on days
15-21 and 2000 mg/day
from day 22 to end of
study endoscopy
Endometrial; early Phase I; 850 mg/day for 1-4 BMI > 30 kg/m?; 28; 20 11.75 % reduction in
NCT01911247 [55] weeks prior to surgery confirmed type 1 Ki-67 (p=0.008)
endometrial cancer
750 mg/day, increasing Women aged 20-70; 40; 31 44.2 % decrease in Ki-67

Endometrial; UMIN000004852°¢ [56]

to 2250 mg/day if no

histologically confirmed
endometrial
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[57]

1-4 weeks prior to
surgery; metformin vs
control (untreated)

endometrial
adenocarcinoma or
hyperplasia; scheduled
for hysterectomy

Organ site; Trial phase; Trial Study design Study population Planned Primary outcome?
registration number@ accrual (n);
« evaluable
(n)
side effects occurred adenocarcinoma Grade
prior to surgery 1-2, without
myometrium invasion

Endometrial; Phase 11; 2011-001382-40 | 850 mg twice daily for Biopsy-proven 30; 28 17.2% decrease in Ki-67

(metformin)/
12 (control)

(p=0.002; adjusted mean
difference); metformin vs
control

7, followed by 1000
mg/day on days 8-14
and 1500 mg/day on day
22 to surgery; total
study length: 4-12
weeks; metformin vs
placebo

prostatectomy

Endometrial; Phase I (pilot); 400 mg/day MPA and Histologically well- 38; 36 Two patients had
UMINO000002210 [58] 100 mg/day aspirin for differentiated progression to advanced
24 weeks followed by 1 endometrial cancer at 12 weeks; at 36
mg norethisterone and adenocarcinoma at weeks, 29 patients had
0.035 mg presumed Stage IA, and complete response
ethinylestradiol per day atypical endometrial (regression of disease)
for six menstrual cycles, | hyperplasia and five had partial
with 750 mg/day response (down-staging of
metformin (increased to disease)
1500 mg/day if no side
effects) taken
continuously for 4 years
Head and neck; early Phase 1; 500 mg/day on days 1- Biopsy-proven head and | 40; 33 Significant increase in
NCT02083692 [59] 3, followed by 500 mg neck cancer with stromal CAV1 (p<
twice daily on days 4-6 planned definitive 0.001); no significant
and 1000 mg twice daily | resection change in stromal MCT4
starting on day 7 for 9- expression
28 days
Prostate; Phase I1; NCT00881725 [60] 500 mg three times Confirmed prostate 40; 22 29.5 % decrease in Ki-67
daily for 4-12 weeks cancer; scheduled for (p=10.006)
prior to surgery prostatectomy
Prostate; Phase 11; NCT01433913 500 mg/day on days 1— Men scheduled for 20; 19 Mean Ki-67 % (+ SD):

6.38 (+ 3.41)
(metformin); 5.19
(+ 4.95) (placebo)

Table adapted from [26]

aTriaI registered on ClinicalTrials.gov, EU Clinical Trials Register or University Hospital Medical Information Network Clinical Trials Registry
(UMIN-CTR). Phase classification is given as registered on the site or as detailed in the reference

Completed prior to ClinicalTrials.gov registration requirement, therefore, clinical trial number is not available

[ T .
Details of phase classification not given

a . .
Outcomes are vs baseline unless otherwise stated

DCIS, ductal carcinoma in situ; IBC, invasive breast cancer; MPA, medroxyprogesterone acetate; PPI, proton pump inhibitor;
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