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/ABSTRACT

Background. Diabetic patients with breast cancer receiving
metformin and neoadjuvant chemotherapy have a higher
pathologic complete response rate than do diabetic patients
not receiving metformin, but findings on salvage treatment
have been inconsistent. We performed a meta-analysis to
assess the effect of adding metformin to standard therapy on
the prognosis of breast cancer patients with diabetes.
Methods. We searched PubMed, Embase, Web of Science
(Thomson Scientific), China Knowledge Resource Integrated
Database, VIP journal integration platform, and Chinese BioMedical
Literature Database from inception to January 10, 2015, without
language restrictions, including references related to metformin,
breast cancer, and prognosis. We performed the meta-analysis
using a random-effects model, with hazard ratios (HRs) and
95% confidence intervals (95% Cls) as effect measures.

Results. A total of 11 studies consisting of 5,464 breast cancer
patients with diabetes were included, comprising 2,760 patients
who had received metformin and 2,704 patients who had not.
The meta-analysis showed that metformin was associated with
better overall survival times (HR: 0.53; 95% Cl: 0.39-0.71) and
cancer-specific survival times (HR: 0.89; 95% Cl: 0.79-1.00).
Subgroup analysis revealed that metformin improved the
overall survival by 65% after adjusting for hormone receptor
expression (HR: 0.35; 95% Cl: 0.15-0.84). Taking metformin
after the diagnosis of breast cancer was still associated with
prolonged overall survival.

Conclusion. The use of metformin in standard cancer therapy
might improve both overall and cancer-specific survivals of
diabetic patients with breast cancer. The Oncologist 2015;
20:1236-1244

Implications for Practice: Diabetic patients with breast cancer receiving metformin and neoadjuvant chemotherapy have a higher
pathologic complete response rate than diabetic patients not receiving metformin, but findings on salvage treatment have been
inconsistent. The meta-analysis showed that metformin was associated with better overall survival times and cancer-specific
survival times. Subgroup analysis revealed that metformin improved the overall survival by 65% after adjusting for hormone
receptor expression. Taking metformin after the diagnosis of breast cancer was still associated with prolonged overall survival. The
findings of this study highlight the potential usage of metformin in diabetic patients with breast cancer.

INTRODUCTION

Epidemiologic and clinical evidence has linked diabetes mellitus
and insulin resistance to the poor prognosis of many cancers
including breast cancer, the most common cancer among
women [1]. Antidiabetic medications such as metformin have
received great attention in both cancer prevention and
treatment. However, a cancer-preventive advantage associated
with metformin does not necessarily imply effective therapeutic

efficacy in those patients with diabetes and established cancers.
It is unclear whether the use of metformin could also translate
into better clinical outcomes for patients with cancer who also
receive standard cancer therapy.

Preclinical work has demonstrated a beneficial effect of
metformin in breast cancer [2] through indirect (insulin-
mediated) effects, orit may directly affect cell proliferation and
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apoptosis of cancer cells [3, 4]. Jiralerspong et al. reported
a threefold greater pathologic complete response rate in
patients with diabetes and breast cancer who received
metformin during neoadjuvant chemotherapy compared
with those who did not receive metformin (odds ratio: 2.95;
95% confidence interval [CI]: 1.07-8.17) [5]. However,
despite the increase in the pathologic complete response,
metformin did not significantly improve the estimated 3-year
relapse-free survival rate in this study. Several studies
showed a better survival in patients who received metformin
than in those who did not receive metformin [6]. Not much
evidence was accumulated on the topic. A recent meta-
analysis [7] demonstrated that the administration of met-
formin to patients with cancer and type 2 diabetes was
associated with a 34% reduction of death risk compared with
those who did not receive metformin (hazard ratio [HR]: 0.66;
95% Cl: 0.55-0.79). In stratified analyses by cancer type,
a survival benefit was not observed in patients with breast
cancer, which might be due to the small sample size.
Understanding the efficacy of metformin in breast cancer
treatment may lead to better clinical management of patients
with this disease. We therefore conducted a meta-analysis to
illustrate the association of metformin with overall and
cancer-specific survivals in breast cancer patients.

METHODS

Data Sources and Searches

We searched PubMed, Embase, Web of Science (Thomson
Scientific), China Knowledge Resource Integrated Database,
VIP journal integration platform, and Chinese BioMedical
Literature databases from their inception to January 10, 2015,
for articles and abstracts evaluating the association between
metformin and outcome in breast cancer, including survival,
stage at diagnosis, and treatment choice. Our overall search
strategy included terms for metformin, breast cancer (e.g.,
“cancer,” “carcinoma,” “adenocarcinoma,” and “breast”), and
prognosis (e.g., “prognosis,” “survival,” and “mortality”). We
also searched the references of included articles. No language
or publication-type restrictions were imposed (supplemental
online Table 1).

”u

Study Selection

Our overall search targeted articles describing studies that (a)
evaluated any prognostic outcome by metformin use, (b)
evaluated a breast cancer patient population, and (c)
contained original data analysis. To avoid overlapping patient
populations, we compared data on recruitment years, data
source, and geographic location. Publications with duplicate
data sets were triaged by keeping the most recent one, the one
with the larger study population, or the one with multivariate-
adjusted estimates. Articles that met the above three criteria
and reported all-cause or cancer-specific mortality or overall
survival were retained. To be included in our meta-analysis,
articles had to report a risk estimate (e.g., HR) relating
metformin use to subsequent death by using survival analysis
regression models, with an estimate of precision such as SE or
95% Cl. Articles with missing risk estimates were also included
in the meta-analysis if the risk estimates were generated by
author contact.
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Data Extraction and Quality Assessment

Each article was abstracted by one author and reviewed by
a second author for accuracy. Any disagreement was resolved
by consensus.The data extracted fromeligible articlesincluded
publication data (the first author’s last name, year of
publication, and country of study population), study design
(clinic-based or population-based cohort studies), sample size,
data source, study recruitment years, study eligibility criteria,
length of follow-up, outcome assessed, risk estimates with
their corresponding Cls, and variables controlled for by
matching or in the multivariable model. If several estimates
were reported in the same article, we chose the most fully
adjusted estimate (i.e., multivariate regression was selected
over univariate regression). If an article reported multiple
estimates by subgroup only, these estimates were entered
separately into our relevant meta-analysis data set.

We also extracted information on key indicators of study
quality with the use of Meta-analysis of Observational Studiesin
Epidemiology (MOOSE) standards [8] for reporting of meta-
analyses of observational studies. From each study, we chose the
risk estimates that represented the greatest degree of control for
potential confounders. Quality was assessed by using elements
of the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement [9]. To judge quality, we
abstracted information on the characteristics of patients
(including their source, inclusion, and exclusion criteria), the
methods of diagnosing diabetes mellitus, the definition of
metformin exposure, methods for ascertaining outcome,
whether metformin was the primary exposure variable or was
one of agroup of prognostic variables, and statistical adjustment
for confounders [10].

Data Analyses
For the meta-analysis, p values quoted at less than the specified
threshold were assumed to be at the threshold, resulting in
a conservative estimate of the significance level. /* and Cochran
Q estimates were performed in a heterogeneity assessment
[11]. P values of >50% or p values of less than 0.1 represented
significant heterogeneity. A DerSimonian-Laird random-effects
model was used to calculate the pooled HR. Otherwise, an
inverse variance fixed-effects model was selected. The meta-
analysis was performed using Stata version 12.0 software
(StataCorp, College Station, TX, http://www.stata.com). We
used the “metan” command to pool the InHR across studies.
Forest plots were used to visually assess the HR estimates and
corresponding 95% Cls across studies.

To assess the effect of study quality, we conducted
a sensitivity analysis that omitted lower-quality studies. We
considered studies to be of higher quality and calculated
separate pooled HRs if they were with estimates adjusted for
age (n = 10), body massindex (BMI) (n = 4), cancer stage (n = 6),
types of antidiabetic medications (n = 4), or metformin
use evaluated as the primary exposure variable (n = 10).
Publication bias was evaluated by using Begg’s funnel plot
[12] and the Egger’s test [13]. We performed the Duval and
Tweedie nonparametric trim and fill procedure [14] to further
assess potential effects of publication bias. This method
considers the possibility of hypothetical missing studies,
imputes their HRs, and recalculates a pooled estimate. For all
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PubMed: 135

EMBASE: 641

Metformin in Breast Cancer Patients With Diabetes

Web of Science (TS): 2,193

2,751 titles reviewed
(Duplicates discarded)

CNKI: 12

;

VIP: 1

234 abstracts reviewed

CBM: 5

!

65 articles assessed

A

17 articles identified in
overall search

N

11 articles included in the meta-
analysis of all-cause mortality

Others: 6 articles
(Including 2 articles with only
log-rank; 2 articles with overlap;
2 articles compared on both
diabetic and nondiabetic
patients)

Figure 1. Flow chart of study selection.

Abbreviations: CBM, Chinese BioMedical Literature Database; CNKI, China Knowledge Resource Integrated Database; TS, Thomson

Scientific; VIP, VIP journal integration platform.

tests, a p value (two-sided) of less than .05 was considered
statistically significant.

RESULTS

Of the 2,751 titles identified, 234 abstracts and 65 resulting
full articles were reviewed to determine their eligibility. Of
the 17 articles addressing the effect of metformin on breast
cancer outcome, 4 were excluded for overlapping [15, 16] or
lack of estimates [17, 18]. Two studies [19, 20] were excluded
because their comparison of survival between metformin
users and nonmetformin users included both patients with
and those without diabetes. Overall, 11 full articles with 14
estimates were included in the meta-analysis (Fig. 1) [21-31].
Descriptive data for studies included in our meta-analysis are
listedin Table 1 and supplemental online Table 2 according to
the publication date.

Description of Studies

The 11 observational studies in our meta-analysis of overall
survival included 5,464 breast cancer patients with diabetes,
including 2,760 patients who took metformin and 2,704 who
did not. The studies had been conducted in the United States
(n=75), China(n = 3), Denmark (n = 1), Canada (n = 1), and Egypt
(n = 1). Sample sizes ranged from 39 to 2,361 patients, with
a median of 141.The overall proportion of metformin use was
50.5% (range, 18.6%—79.0%). Reporting of age and follow-up
time varied across studies. The time origin for survival analysis
was generally the time of cancer diagnosis, exceptin the case of
treatment or surgical cohorts, for which the time of origin was
the beginning of treatment or the date of tumor resection.
The metformin exposure was defined as ever or currently
taking metformin at the diagnosis of cancer (n = 6) or taking
metformin after cancer diagnosis (n = 5). Nine studies had
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a clinic-based design, and two studies were population-based
cohorts. All studies ascertained diabetes mellitus by either
blood tests and/or medical records. One study did not state the
definition of metformin exposure. Eight studies used death
registries, medical records, and/or interviews to ascertain vital
status; the remaining studies did not report the method of
outcome ascertainment. Ten studies investigated metformin
as the primary exposure of interest, whereas the remaining
study evaluated metformin among other prognostic variables
(supplemental online Table 3).

Meta-Analysis on Metformin and All-Cause Mortality
The 11 studies with 14 estimates in the meta-analysis reported
both risk (HR) and precision (95% Cl). The descriptive data,
adjustment or restriction variables, and major findings from
each study are described in Table 1. The results of the meta-
analysis are shown in Figure 2. Metformin use was associated
with a 47% decreased risk of death from all causes in breast
cancer patients with diabetes (HR: 0.53; 95% Cl: 0.39-0.71).
Considering the large variations in the study, we performed
Begg’s funnel plot (p = .827) and Egger’s test (p < .001), which
suggested the possible presence of publication bias. Using
a “trim and fill” method to make an adjusted estimation of
meta-analysis, we found that no trimming was needed and
that metformin use was still associated with a reduced death
risk in the adjusted analyses (HR: 0.92; 95% Cl: 0.88-0.97 by
fixed effects, and HR: 0.53; 95% CI: 0.39-0.70 by random
effects) (supplemental online Figs. 1-3).

Sensitivity Analyses

Considering the large variations in the covariates included in
each study, we conducted a sensitivity analysis to confirm
robustness (Table 2). The association between metformin use
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Study HR (95% CI) Weight %
I
Zhu et al., 2013 [25] 1 0.10(0.01, 0.88) 1.60
El-Benhawy et al., 2014 [28] _—— i 0.11(0.03, 0.44) 331
Xiao et al., 2014 [31] —+—J:— 0.28(0.12 0.66) 6.01
Xiao et al., 2014 [31] —0—‘:' 0.31(0.18, 0.54) 8.62
Xu et al., 2015 [29] —-‘— 0.47(0.26, 0.86) 829
Xu et al., 2015 [29] —-o-— 0.49(0.31, 0.77) 972
Xiao et al., 2014 [31] —"0"'— 0.49(0.25, 0.98) 7.41
He et al., 2012 [22] —_— 0.52(0.28, 0.97) 807
Cleveland et al., 2012 [27] —4‘—— 0.53(0.16, 1.82) 396
Zhao et al., 2012 [26] —:‘*—_ 0.63(0.22 1.80) 480
Peeters et al., 2013 [24] 3-0— 0.74(0.58, 0.96) 11.63
Oppong et al., 2014 [30] —':—0-— 0.80(0.33, 1.96) 581
Bayraktar et al., 2012 [21] —— 0.82(0.44, 152) 808
Lega et al., 2013 [23] 1 * 0.97(0.92 1.02) 12.69
Overall (7 = 78.9%, p = .000) <> 0.53(0.39, 0.71) 100.00
|
NOTE: Weights are from random effects analysis i
Favors metformin ; s ; Favors non-metformin

Figure 2. Meta-analysis and pooled hazard ratio of long-term, all-cause mortality in 11 studies (14 estimates) comparing breast cancer
patients with and without metformin. Xiao (1), Xiao (2), and Xiao (3) indicate Luminal A, Luminal B (high Ki-67), and Luminal B (HER2+)
subgroups, respectively. Xu (1) and Xu (2) indicate Vanderbilt and Mayo Clinic subgroups, respectively. Weights are from random effects
analysis. Data markers are proportional to study sample sizes. Squares indicate relative risk in each study. The square size is proportional to
the weight of the corresponding study in the meta-analysis; the lengths of the horizontal lines represent the 95% Cl. The unshaded

diamond indicates the pooled relative risk and 95% Cl.
Abbreviations: Cl, confidence interval; HR, hazard ratio.

and better overall survival in breast cancer patients with
diabetes was not changed after adjusting for confounders.
More specifically, the above pooled HRs (95% Cl) after
adjusting for age, BMI, stage, menopausal status, antidia-
betic medication, and types of chemotherapy were 0.53
(0.39-0.71), 0.43 (0.34-0.55), 0.40 (0.30-0.54), 0.48 (0.23-1.00),
0.66 (0.48-0.91), and 0.49 (0.27-0.87), respectively. Metfor-
min use was associated with the biggest decrease of risk of
death (65%) after adjusting for hormone receptor expression
in cancer tissue (HR: 0.35; 95% Cl: 0.15-0.84). Studies with
metformin use after cancer diagnosis had a pooled HR
(95% Cl) of 0.64 (0.45—-0.90).

Analysis of influence revealed that the risk of all-cause
mortality among patients with breast cancer and metfor-
min use remained significant with the omission of each
study in turn. Omission of the study by Lega et al. [23]
resulted in the lowest pooled estimate (HR: 0.50; 95% Cl:
0.39-0.64); omission of the study by Xiao etal. [31] resulted
in the highest pooled estimate (HR: 0.61; 95% ClI:
0.46-0.81).

Metformin and Cancer-Specific Mortality

Three studies provided adjusted HRs of cancer-specific death
in patients [22-24]. These three studies showed that breast
cancer patients with metformin use had a significantly lower
risk of cancer-specific mortality than did their counterparts
(HR: 0.89; 95% Cl: 0.79-1.00) (supplemental online Fig. 4).
Post hoc power calculations indicated that the power was
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52.3%. No publication bias was detected by Begg’s funnel plot
(p = .296) or Egger’s test (p = .399).

All-Cause Mortality Between Diabetic Patients With
Metformin and Nondiabetic Patients

Three studies compared all-cause mortality between diabetic
patients with metformin use and nondiabetic patients [21, 29,
31]. These studies showed that breast cancer patients with
metformin use had a significantly lower risk of all-cause
mortality compared with their nondiabetic counterparts (HR:
0.63; 95% Cl: 0.51-0.78) (supplemental online Fig. 5). No
publication bias was detected by Begg’s funnel plot (p = 1.000)
or Egger’s test (p = .712).

DiscussION

Our meta-analyses of observational studies demonstrated that
the addition of metformin to standard therapy in breast cancer
patients with diabetes, compared with their counterparts who
did not receive metformin, was associated with decreased risks
of all-cause and cancer-specific mortalities. The risk of all-cause
mortality in patients with metformin use was lower than for
those patients who did not take metformin in studies adjusting
for age, BMI, stage, menopausal status, antidiabetic medica-
tion, types of chemotherapy, and hormone receptor expres-
sion. Furthermore, taking metformin after the diagnosis of
breast cancer still prolonged the overall survival. These
observations could not be explained by confounding factors,
publication bias, or undue influence by a single study.

©AlphaMed Press 2015
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Table 2. Pooled hazard ratios of all-cause mortality in diabetic breast cancer patients with and without metformin

Studies
Type of estimate (estimates), no. Metformin Nonmetformin Pooled HR (95% Cl) /%, % p value
All studies 11 (14) 2,760 2,704 0.53 (0.39-0.71)® 789 <.001
Estimates adjusted for age 10(13) 2,747 2,647 0.53(0.39-0.71)® 80.3 <.001
Estimates adjusted for BMI 4(7) 939 679 0.43 (0.34-0.55)° 0 771
Estimates adjusted for stage 6(8) 519 613 0.40 (0.30-0.54)° 324 .170
Estimates adjusted for hormone 4(4) 222 182 0.35(0.15-0.84)° 60.2 .057
receptors
Estimates adjusted for 3(3) 68 119 0.48 (0.23-1.00)° 9.1 .333
menopausal status
Estimates adjusted for types of 4 (5) 2,253 2,033 0.66 (0.48-0.91)° 81.3 <.001
antidiabetic medication
Estimates adjusted for types of 4(6) 1,465 1,777 0.49 (0.27-0.87)° 84.0 <.001
chemotherapy
All estimates from metformin use 5(6) 2,253 2,048 0.64 (0.45-0.90)" 81.7 <.001
after cancer diagnosis
All estimates from population-based studies 2 (2) 1,602 1,817 0.87 (0.67-1.13)° 76.5 .039
All estimates from clinic-based studies 9(12) 1,158 887 0.47 (0.38-0.58)° 24.4 .204
All estimates from studies with DM 10 (13) 2,747 2,647 0.53(0.39-0.71)° 80.3 <.001

as primary exposure

#Estimates calculated with use of a random-effects model.
PEstimates calculated with use of a fixed-effects model.

Abbreviations: BMI, body mass index; Cl, confidence interval; DM, diabetes mellitus; HR, hazard ratio.

To our knowledge, our meta-analysisis the first exclusive
study of the association between metformin use and breast
cancer outcome, though this topic has been investigated by
many individual studies. Our results are not in accordance
with a previous meta-analysis of mortality in cancer patients
with concurrent diabetes by Yin et al. [7], who found that
metformin use was associated with decreased risk of mortality
in all cancers (HR: 0.66; 95% Cl: 0.55—0.79) but not specifically
in breast cancer (HR: 0.64; 95% Cl: 0.37-1.12). Moreover,
breast cancer-specific survival was miscalculated by adopting
recurrence-free survival as cancer-specific survival from the
study of Bayraktar et al. [21]. In another study [32] of
metformin and cancer survival, metformin use was associated
with better survival in the breast cancer subgroup (HR: 0.70;
95% Cl: 0.55—-0.88). However, the same patient population was
calculated twice, which might overestimate the benefit of
metformin. These two studies both included nondiabetic
patients in the nonmetformin group. As is known, diabetes is
a poor prognostic factor for breast cancer.Thus, thisinclusionis
problematic, because it would underestimate the survival
benefit. In the current larger-scale meta-analysis, we con-
ducted post hoc power calculations and found that our study
had 98.6% power in demonstrating the association between
metformin use and overall cancer mortality. These observa-
tions support the hypothesis that the previous inconsistent
findings between individual studies might be partially
explained by small patient populations.

The strengths of this studyinclude acomprehensive review
of the literature by multidisciplinary members including
specialists in oncology and epidemiology, with each article
reviewed by two persons. We used a broad search strategy and
inclusion criteria to extract as much information from the
literature as possible, including information from any type of
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publication and any language. Although two relevant articles
were excluded from our meta-analysis for lack of information
on risk estimates, findings from these articles were generally
consistent with those in the pooled meta-analysis [17, 18].

There were several limitationsin the literature and thusin
our meta-analysis. First, studies varied in their inclusion
criteria, study population, and adjustment for confounding
variables, which may have led to both overestimations and
underestimations of risks. Nevertheless, our sensitivity
analyses, excluding studies that did not adjust for potential
confounders, did not materially change the results. Residual or
unknown confounding is still possible after adjusting for most
relevant confounding factors. In addition, the association may
not necessarily be causal, particularly in the observational
studies [33].

The second limitation was that some of the articles did not
report the types of anticancer or antidiabetic therapies used
(other than metformin) and their effects on outcomes. This is
important because studies have shown that some therapies
(e.g., surgery, adjuvant chemotherapy, and the antidiabetic drug
insulin) have a more positive effect than others on cancer
outcome [34, 35]. Moreover, diabetes is a chronic metabolic
disease, and thus its occurrence, development, and treatment
may have different effects on prognosis, which may affect the
final results. Finally, there seemed to be significant publication
bias in the literature, as suggested by Egger’s test. However,
this may be the small-study effect rather than true publication
bias, especially in the presence of significant between-study
heterogeneity [36]. We did attempt to adjust our quantitative
analyses by including the missing studies. The trim and fill
method is a statistical method used in meta-analysis that can
underestimate the true positive effect when there is no
publication bias or can give less biased estimates when
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publication bias is present [37]. Using this conservative
method, we found that the association between metformin
and increased survival still remained.

There are several potential explanations for the observed
association between metformin use and increased survival
time in breast cancer patients with diabetes. First, metformin,
awidely prescribed oral medication used as front-line therapy
for type 2 diabetes, has been shown to inhibit the growth of
cancer cell lines, including breast cancer lines, in both in vitro
and in vivo tumor models. Population and retrospective
studies have shown that metformin decreases the incidence of
cancer and cancer-related mortality and increases the re-
sponse to neoadjuvant chemotherapy in diabetic patients.
Metformin induces AMPK activation, which decreases insulin
levels and leads to inhibition of protein synthesis pathways,
decreasing cancer cell proliferation and growth. Hence,
metformin is being investigated as a therapeutic agent in
different clinical settings for all breast cancer subtypes [38].
Second, breast cancer patients with diabetes, especially those
with severe diabetes, may be given less vigorous anticancer
regimens because they generally have more contradictions to
surgery, chemotherapy, and other treatments [39]. The
metabolic abnormalities associated with diabetes may have
an adverse effect on the response to cancer treatment [40].
However, a survival advantage of metformin use in diabetic
patients was still found compared with their nondiabetic
counterparts. Finally, the high mortality rate observed among
patients who did not take metformin may partially be due to
noncancerous factors [20], such as complications of long-term
diabetes. However, the benefit of metformin on cancer-
specific mortality was also observed in a meta-analysis of 3,573
breast cancer patients.
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CONCLUSION

The main implication of our meta-analyses on observational
studies is that metformin use is significantly associated with
favorable outcome in breast cancer. Taking metformin after
the diagnosis of breast cancer still prolonged the overall
survival. Our results reveal the need for further prospective
studiesto confirm metformin use asaprognosticfactorandto
assess the possibility of an antidiabetic regimen in the
treatment of breast cancer.
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For Further Reading:

Ming Yin, Jie Zhou, Edward J. Gorak et al. Metformin Is Associated With Survival Benefit in Cancer Patients With Concurrent
Type 2 Diabetes: A Systematic Review and Meta-Analysis. The Oncologist 2013;18:1248-1255.

Implications for Practice:

Patients with type 2 diabetes have increased cancer risk and cancer-related mortality, which can be reduced by metformin
treatment. However, it is unclear whether metformin can also modulate clinical outcomes in patients with cancer and
concurrent type 2 diabetes. This meta-analysis provided evidence that there was a relative survival benefit associated with
metformin treatment compared with treatment with other glucose-lowering medications. These results suggest that
metformin is the drug of choice in the treatment of patients with cancer and concurrent type 2 diabetes.
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