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ABSTRACT

Background: The protective effect of metformin against breast cancer is inconclusive, Objective: To evaluate the effect of metformin
on breast cancer risk and mortality in patients with type 2 diabetes. Method: A comprehensive literature search was performed for
pertinent articles published prior to June 30, 2014, using PubMed and EMBASE, Study heterogeneity was estimated with 2 statistic.
The data from the included studies were pooled and weighted by random—effects model, The quality of each included study was
assessed on the basis of the 9—star Newcastle—Ottawa Scale and publication bias was evaluated by visual inspection of a funnel
plot. Results: Ten studies were included in the meta—analysis of the association of metformin and breast cancer risk. By
synthesizing the data from the studies, the pooled odds ratio (OR) was 0,72 (95% Cl: 0,59, 0.87) (p = 0.0005). Three cohort studies
were included for meta—analysis of the association between metformin and breast cancer—related mortality, Metformin was
associated with a significant decrease in mortality (Risk ratio: 0,68; 95% Cl: 0,51, 0.90, p = 0,007), Conclusion: The present meta—
analysis suggests that metformin appears to be associated with a lower risk of breast cancer incidence and mortality in patients

with type 2 diabetes.
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Introduction

Diabetes is a disease in which the body either has a shortage of
insulin, a decreased ability to use insulin, or both. Type 2
diabetes accounts for 90-95% of all diabetes cases and is usually
associated with older age, obesity and physical inactivity, family
history of type 2 diabetes, or a personal history of gestational
diabetes. Chronic hyperglycemia in patients with type 2 diabetes
develops insulin resistance in fat and muscle tissues and leads to
an inadequate, compensatory increased production of insulin."

Breast cancer is the most frequently diagnosed cancer and the

leading cause of cancer death among females, accounting for

23% of the total cancer cases and 14% of the cancer deaths.”
The risk of breast cancer is strongly related to age and
menopausal status.>® Other factors that increase a risk of
developing breast cancer include obesity, having dense breasts,
and inherited changes in certain genes.>”)

Type 2 diabetes and breast cancer share several risk factors
such as old age and obesity.>? There is an evidence for
increased risk of breast cancer incidence and mortality in
diabetic individuals compared with individuals who do not have
diabetes.'®'") The exact mechanisms are yet to be explored, but
insulin resistance with secondary hyperinsulinemia is the most

frequently proposed hypothesis. Firstly, insulin resistance may
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enhance the bioactivity of insulin-like growth factor 1 (IGF-1),
which may contribute to the carcinogenesis in hyperinsulinemic
patients. Secondly, IGF-1 might increase the risk of cancer
through its anti-apoptotic activity. Finally, insulin activity may
affect the mitogenic pathways that include an overactivation of
the mammalian target of rapamycin (mTOR) enzyme, an
important positive regulator of translation initiation and cell
proliferation. Therefore, the drugs that decrease insulin re-
sistance and act as growth inhibitors by reducing mTOR activity,
including metformin, are thought to lower the risk of developing
cancer.'>13)

Metformin is an antihyperglycemic agent which improves
glucose tolerance in patients with type 2 diabetes, lowering both
basal and postprandial plasma glucose. Two effects, suppression
of hepatic gluconeogenesis and improvement of insulin sen-
sitivity in skeletal muscle and adipose tissue, have been
implicated as major contributors to glucose-lowering efficacy.'¥
In addition to the antidiabetic effect, importantly, metformin has
been shown to exert protective effects against cancer.'> The
potential anticancer activity of metformin is believed to be
mediated mainly by adenosine monophosphate-activated protein
kinase (AMPK). AMPK is a major metabolic sensor involved in
regulating cellular energy homeostasis. By activating AMPK,
metformin inhibits mTOR and protein synthesis and induces cell
cycle arrest in cancer cells. The activation of AMPK is mediated
by other proteins including Liver Kinase B1 (LKB1), a tumor
suppressor protein kinase which mediates the action of metformin
on AMPK activity. The absence or decreased expression of
LKBI in human breast carcinomas is associated with poor
prognosis. Additionally, metformin decreases circulating insulin
levels, inhibits angiogenesis, and exerts a toxic effect on cancer
stem cells.'®

Although, a growing volume of evidence has been reported to
show a potential protective action of metformin against cancer,
the beneficial effects of metformin on the risk of breast cancer
and mortality are controversial.!7!®

A systematic review was conducted to examine relationship
between metformin and breast cancer incidence and mortality in

patients with type 2 diabetes.

Methods

Data sources and searches
A systematic literature search was conducted to identify

publications addressing the association between metformin and

breast cancer incidence and/or mortality in patients with type 2
diabetes. The published studies from inception to June 30, 2014,
were searched using PubMed and EMBASE by two independent
investigators (MSK and JHP). The following keywords were
used: (“breast cancer” OR “breast neoplasm”) AND (“metformin”
OR “biguanide” OR “glucose-lowering drug” OR “diabetes
mellitus.”). The reference lists of the identified studies, reviews,
and meta-analyses on metformin and breast cancer risk/mortality

were also scrutinized to find additional pertinent studies.

Study selection
Two investigators (MSK and JHP) independently identified

potential studies and extracted detailed information from each
included article. Discrepancies were resolved through a con-
sensus discussion with a third investigator (PC).

Any study that met all of the following criteria was included:
(1) evaluated the impact of metformin compared with non-
metformin on breast cancer incidence or mortality; (2) involved
treatment of patients with type 2 diabetes; (3) utilized appropriate
methods of data collection.

Studies were excluded in accordance with the following
criteria: (1) animal or cell model studies; (2) reviews, comment,
editorial, conference abstract or paper, letter, and note; (3) studies
without the number of cases and controls or clear grouping
number; (4) cases of unclear diagnostic criteria; (5) analysis of

individual cases

Data extraction and quality assessment
From each identified article, two researchers (MSK and JHP)

independently extracted the data using predefined data extraction
forms: the first author’s name, study’s year, country in which the
study population lived, study design, comparator, age of
participants, treatment or follow-up duration, numbers of events
and total participants in each group, and the covariate-adjusted
hazard ratio (HR)/ odds ratio (OR) estimates for breast cancer
risk corresponding 95% confidence intervals (Cls). The quality
of each included study was assessed on the basis of the 9-star
Newcastle-Ottawa Scale (NOS).!”) The NOS assigns up to a
maximum of 9 points for the least risk of bias: 4 for selection, 2
for comparability, and 3 for assessment of outcomes (for cohort
study) or exposures (for case-control study). Studies with points
of 0-3, 4-6, 7-9 were considered as low, moderate and high
quality, respectively.”?) Two raters (MSK and JHP) independently
assessed the quality of the studies. Any disagreements were

resolved by discussion and consensus with a third rater (PC).



Data synthesis and analysis
The present meta-analysis was performed using the Review

Manager software (RevMan Version 5.2). The data from the
included studies were pooled and weighted by random-effects
model. Pooled OR and 95% CIs were used to measure the
association between metformin and breast cancer incidence or
mortality. Study heterogeneity was estimated with /? statistic,
with values of 25%, 50%, and 75% representing low, moderate,
and high degrees of heterogeneity. Two-sided P values less than
0.05 were considered statistically significant. Publication bias

was evaluated by visual inspection of a funnel plot.

Results

The process of identifying reports for inclusion is outlined in
Fig. 1. The initial search yielded 1,363 articles. After review of
the titles and abstracts, a total of 36 articles were chosen for
further review. Three articles were identified through the re-
ference lists and included in this study. Among the 39 articles, 4
articles were excluded because they were cellular model. Fifteen
of these articles were excluded because they did not study the
impact of metformin on breast cancer risk or mortality. Two

articles were excluded because of lack of reported HR or OR,
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1,363 articles identified from database search:
n=1,105 from EMBASE; n=258 from PubMed
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Fig. 2. Newcastle-Ottawa-Scale. The number of studies based
on the number of the “stars” assigned in the retrospective
cohort and case-control studies.

and 6 were excluded because they did not report the number of
the patients, breast cancer events, or breast cancer-related deaths
in each group. After these exclusions, 12 retrospectively designed
studies were included: 9 retrospective cohort, 1 case-control, and
2 nested case-control studies. When assessing quality of the
studies, all the included studies received between 7 and 9 stars
and met the criteria of high quality based on NOS (Fig. 2).

The effect of metformin therapy on breast cancer risk
Ten studies with a total of 14,715 cases of breast cancer were

Duplicated: n=224

note: n=622

trial: n=432

Excluded based on title and abstract: n=1,103
- review, comment, editorial, conference abstract/paper, letter,

- nonhuman, in vitro, in vivo, phase 2 clinical trial, phase 3 clinical

- no study on metformin and breast cancer risk or mortality: n=49

3 articles from
reference lists

39 full-text articles selected

Studies excluded: n=27

- Cellular model: n=4

- Did not report data on breast cancer risk or mortality: n=14

- Did not report data on metformin therapy: n=1

- Hadno HR or OR: n=2

- Did not report number of cases and controls in each group: n=6

Observational studies with comparison of breast cancer risk or mortality for
metformin vs non-metformin in type 2 diabetes: n=12

Fig. 1. Literature search and study selection process.
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Experimental Control Odds Ratio Odds Ratio

Study or Subgroup __ Events Total Events Total Weight M-H. Random, 95% CI M-H, Random, 95% CI

Bayraktar 2012 24 63 29 67  48% 0.81[0.40,1.63]

Bodmer 2010 17 62 120 260 57% 0.44[0.24,0.81]

Bosco 2011 96 1154 297 2776 11.6% 0.76 [0.60, 0.96] =

Hsieh 2012 19 2048 53 3142 6.8% 0.585([0.32,0.92]

Libhy 2009 24 4085 41 4085  7.0% 0.58 [0.35, 0.97]

Qiu 2012 616 39070 517 16904 13.6% 0.51 [0.45, 0.57] o=

Redaniel 2012 151 7523 93 4815 11.3% 1.04 [0.80,1.35] -

Ruiter 2012 207 32714 217 328981 12.5% 0.95[0.78,1.15] "

Tseng 2014 2412 191195 9322 443847 142% 0.60[0.57,0.62] -

Tsilidis 2014 307 51484 153 26428 12.5% 1.03 [0.85,1.25] -

Total (95% CI) 329398 534915 100.0% 0.72 [0.59, 0.87] >

Total events 3873 10842

Heterogeneity: Tau?= 0.06; Chi*= 79.12, df= 9 (P = 0.00001); F= 89% 10 3 0:5 2 51

Testfor averall effect: 2= 3.47 (P = 0.0005)

Favours [Metformin] Favours [Non-metformin]

Fig. 3. Random-effects meta-analysis of breast cancer risk in type 2 diabetic patients exposed to metformin compared with non-
metformin. Squares represent study-specific relative risk estimates; horizontal lines represent 5% Cls; diamond represents a summary

relative risk estimate with corresponding 95% ClI (0.62, 0.88).
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Fig. 4. Funnel plot for publication bias of the included studies in
the meta-analysis of the effect of metformin on breast cancer
risk.

included in the present meta-analysis reviewing the association
between metformin and breast cancer risk in patients with type 2
diabetes (Table 1). Of the studies, 5 studies showed the adjusted
HR for comorbid conditions, such as age, sex, smoking, BMI, and
HbA1C, and adjusted HR for breast cancer risk for metformin
compared with non-metformin.?'?*4?839 By synthesizing the
data from the 10 studies, the pooled OR was 0.72 (95% CI: 0.59,
0.87) (p=0.0005) (Fig. 3). Visual inspection of a funnel plot
suggested possible publication bias (Fig. 4).
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Fig. 6. Funnel plot for publication bias of the included studies in
the meta-analysis of the effect of metformin on breast cancer
risk.

The effect of metformin use on breast cancer-related
mortality

The association between metformin and breast cancer-related
mortality was reported in 3 cohort studies recruiting 555 breast
cancer-related deaths (Table 2). Of the studies, 2 studies showed
the adjusted HR for all potential confounders, such as other
antidiabetic agents, age at breast cancer diagnosis, and duration
of diabetes before breast cancer.3*? With random-effects model

analysis, metformin treatment was associated with a significant

Risk Ratio
IV, Random, 95% CI

Bayraktar 2012 -0.0782 02504 211% 0.92[0.57,1.51]
Lega 2013 -0.5776 01004 46.5% 0.56 [0.46, 0.68]
Peeters 2013 -0.3062 01707 32.4% 0.74[0.53,1.03]
Total (95% CI) 100.0% 0.68 [0.51, 0.90]

Heterogeneity: Tau®= 0.03; Chi*= 4.51, df=2 (P=0.10); F= 56%
Test for overall effect: Z= 2.69 (P = 0.007)
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Fig. 5. Random-effects meta-analysis of breast cancer-related mortality in patients with type 2 diabetes and breast cancer after
exposure to metformin compared with non-metformin. Squares represent study-specific relative risk estimates; horizontal lines repre-
sent 95% Cls; diamond represents a summary relative risk estimate with corresponding 95% CI (0.51, 0.90).
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reduction in the risk of breast cancer-related mortality in patients
with type 2 diabetes (RR: 0.68; 95% CI: 0.51, 0.90, p =0.007)
(Fig. 5). Visual inspection of a funnel plot suggested possible
publication bias (Fig. 6).

Discussion

In this meta-analysis, metformin therapy was associated with a
significantly decreased risk of breast cancer compared with non-
metformin treatment in patients with type 2 diabetes. This
supports the hypothesis that metformin may have an anticancer
effect.33% In this study, metformin was associated with a 26%
decrease in the incidence of breast cancer. This result is con-
sistent with the finding of a previous study by Col et al. that
reviewed seven studies?!2+36-3%) (OR: 0.83; 95% CI: 0.71,
0.97).39 Although the three studies®®>® were excluded from the
present study due to unfulfilled inclusion criteria, no substantial
difference in the overall effect of metformin on breast cancer risk
was found between the previous study and the present meta-
analysis. In addition, the study by DeCensi et al., which analyzed
three observational studies,21’22’36) found a 30% decrease in
overall summary RR (95% CI: 0.28, 1.77) in the metformin
users compared with other antidiabetic drug users.>? On the
contrary, in the previous meta-analysis of 9 randomized con-
trolled trials (RCTs), no beneficial effect of metformin was
observed (RR: 0.99; 95% CI: 0.80, 1.24) in trials comparing
metformin to other antidiabetic drugs.*” This discordance may
be partly explained by the fact that the previous meta-analysis of
RCTs has fewer patients of follow-up and fewer cancer cases
than those of the present study (398 vs. 14,715 for cancer cases).

In this meta-analysis, metformin use was associated with a
significant risk reduction of breast cancer-related mortality com-
pared to non-metformin use in patients with type 2 diabetes (OR:
0.72; 95% CI: 0.59, 0.87, p=0.007). This finding is consistent
with the result from the meta-analysis by Noto et al. that
analyzed three observational studies®’*>*®) and two RCTs.*+*9)
In that study, a significant reduction in mortality was observed in
metformin users compared with other medication users (RR:
0.66; 95% CI: 0.49, 0.88; p = 0.005).4V

There are some limitations in this meta-analysis. The findings
from this study are based on the results derived from obser-
vational studies, which are inherently more susceptible to bias.
In addition, most of the included studies did not analyze data on
pathological type of breast cancer. In this study, the presence of

publication bias cannot be ruled out. This publication bias may

be related to the exclusion of “grey literature” and of studies
which do not report precise data on cases and controls in each
group. Lastly, a high degree of heterogeneity was found in the
analysis of breast cancer risk while the heterogeneity observed in
the analysis of breast cancer related-mortality was moderate:
1>=89% for the analysis of breast cancer risk (p<0.00001),
1= 56% for the analysis of breast cancer related-mortality. This
can be partly explained by the differences in the treatment
duration and age of the subjects among the included studies.
Despite of these limitations, this study has two strengths. First
of all, this meta-analysis is mainly based on large population-
based data originating from multiple nations. In addition, all the
populations included in the present study were people with type
2 diabetes while non-diabetic populations were excluded

because diabetes is emerging risk factor for breast cancer.

Conclusion

The present meta-analysis suggests that metformin appears to
be associated with a lower risk of breast cancer incidence and

mortality in patients with type 2 diabetes.
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