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Abstract

Background Anti-cancer effect of metformin on different
kinds of lung cancer has been studied frequently. However,
the association between metformin and the prognosis of
lung cancer in type 2 diabetes patients is still controversial.
Methods An electronic search was conducted using
PubMed/Medicine, EMBASE and Cochrane library data-
bases. Statistical analyses were carried out using either
random-effects or fixed-effects models according to the
heterogeneity examined by I* statistics.

Results  Six studies involving 2350 patients were included
in the current meta-analysis. In all, the pooled HR of
overall survival (OS) was 0.90 (95 % CI 0.84-0.96;
P = 0.003). Sub-group analysis showed that when strati-
fied by region the HR of OS was 0.52 (95 % CI 0.31-0.87;
P = 0.012) and 0.86 (95 % CI 0.67-1.11, P = 0.361) for
Asian and Western countries. When stratified by study
design, the HR of OS was 0.78 (95 % CI 0.52-1.15,
P = 0.206) and 0.82 (95 % CI 0.59-1.16, P = 0.264) for
cohort and medical data-based studies. When stratified by
lung cancer subtype, HR of OS was 0.52 (95 % CI

M Z. Wu
zhenwu2210@ 126.com

< X. Liu
xialiu79@126.com

Department of Respiratory, Affiliated Haian People’s
Hospital of Nantong University, 17 Cheng Zhong Ba Middle
Road, Haian 226600, Jiangsu, People’s Republic of China

Department of Respiratory, Shouguang People’s Hospital,
Shouguang 262700, Shandong, People’s Republic of China

Department of Medical Affairs, Affiliated Haian People’s
Hospital of Nantong University, Haian 226600, Jiangsu,
People’s Republic of China

0.31-0.87; P =0.012), 1.06 (95 % CI 0.51-2.19;
P = 0.878) and 0.82 (95 % CI 0.59-1.16; P = 0.264) for
SCLS, NSCLC and non-divided subtypes, respectively.
Conclusion Metformin use may associate with a good
prognosis in lung cancer patients with type 2 diabetes but
the effect was modest. However, it could achieve benefits
in a selective sub-group of lung cancer patients especially
in SCLC patients from Asian. Further studies are warranted
to confirm this efficacy.

Keywords Metformin - Prognosis - Lung cancer -
Diabetes - Meta-analysis

Introduction

Cancer and diabetes are increasingly prevalent all over the
world. Growing evidence has suggested that patients with
diabetes often have clinical risk factors for the develop-
ment of cancer. An epidemiologic link between type 2
diabetes mellitus (T2D) and an increased incidence of
breast cancer, colorectal cancer, gastrointestinal malig-
nancies, pancreatic cancer, renal cancer, bladder cancer,
and thyroid cancer, as well as a worse long-term outcome
for cancer survival, has been reported [1-4].

Primary lung cancer is the leading cause of cancer-re-
lated mortality among males in both more and less devel-
oped countries, and has overtaken breast cancer as the
leading cause of cancer death among females in more
developed countries [5]. Further, although treatments for
lung cancer have rapidly developed in recent years, the
overall prognosis of these patients still remains poor.

Metformin, a diabetes drug with well-established side
effect and safety profiles, is commonly prescribed as first-
line treatment for type 2 diabetes. Generally, this drug

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12094-015-1412-x&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12094-015-1412-x&amp;domain=pdf

642

Clin Transl Oncol (2016) 18:641-649

improves blood glucose control and insulin sensitivity by
decreasing hepatic glucose production and intestinal glucose
absorption and increasing peripheral glucose uptake. Fur-
ther, it has been widely studied for its anti-tumor activities in
a number of cancers, including lung cancer. Although the
underlying molecular mechanisms are not well understood
[6, 7], it can be produced by both direct (insulin-indepen-
dent) and indirect (insulin-dependent) ways [8].

Metformin use and the cancer risk have been studied
popularly. Mazzone et al. [9, 10] found that the use of
metformin is associated with a lower likelihood of devel-
oping lung cancer in diabetic patients, which was concor-
dant with the study by Lai et al. [10]. By contrast, the study
by Bodmer et al. [11] reached the opposite result. Another
observational study by Smiechowski et al. [7] demon-
strated that metformin use was not associated with a
decreased risk of lung cancer in patients with T2D.

Also, the anti-cancer effect of metformin on different
kinds of lung cancer has been studied frequently. Xu et al.
reported that prognosis of small cell lung cancer (SCLC)
patients with diabetes treated with metformin was
improved [12]. Lin et al. conclude that metformin is
associated with improved survival among patients with
diabetes with stage IV non-small cell lung cancer (NSCLC)
[13]. However, Mazzone et al. found that the diabetics who
develop lung cancer while receiving metformin may have a
more aggressive disease and worse prognosis [9].

Based on these findings, the association between met-
formin and the prognosis of lung cancer in T2D patients is
still controversial and it is necessary to conduct a meta-
analysis to further confirm the effect. So the current meta-
analysis was performed to investigate the association
between metformin use and lung cancer prognosis of
individuals with T2D.

Materials and methods
Literature search to identify related studies

A comprehensive literature search was performed for all the
studies addressing the association between metformin use
and lung cancer prognosis. Electronic databases searched
included PubMed/MEDLINE and EMBASE until June 2015,
without language restrictions. We also carried out indepen-
dent searches using the Cochrane library databases to ensure
that no studies were overlooked. The Mesh terms and/or the
text words used included ‘metformin’ or ‘biguanides’ and
lung ‘cancer’ or ‘neoplasms’. In addition, the list of articles
was supplemented through extensive crosschecking of the
reference lists of all retrieved articles. Unpublished data and
conference proceedings were not included.
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Selection criteria

Two reviewers (R. H. Tian and Y. G. Zhang) indepen-
dently assessed the eligibility of each article. After
screening all titles and reading the abstracts, the full text of
the selected articles was reviewed to determine their eli-
gibility for inclusion in the study and any discrepancy
between the reviewers was resolved by consensus. The
inclusion criteria of the meta-analysis are as following: (1)
randomized controlled trials, data-based or cohort studies;
(2) designed to evaluate the association between metformin
and the prognosis of lung cancer in type 2 diabetic patients;
and (3) contained sufficient information to allow adequate
estimation of hazard ratio (HR), odds ratio (OR), or relative
risk (RR) and 95 % confidence interval (95 % CI) of
overall survival (OS), disease-free survival (DFS) or pro-
gress-free survival (PFS) to estimate the prognosis of lung
cancer patients with T2D using metformin compared to
other anti-diabetic treatments or no treatment.

Data extraction

Data extraction was conducted independently by two
investigators (RH Tian and JW Yang). For each enrolled
study, collected data included the following: (1) basic
information of each eligible study such as author names,
year of publication and country or area; (2) characteristics
of patients such as median or mean age, gender composi-
tion, tumor type; (3) information of study designation such
as number of enrolled subjects, group sample size, and
follow-up time; (4) results of treatment such as OS, median
DFS or PFS and adjusted HRs with their 95 % CIs. To
resolve disagreements between reviewers, a third reviewer
(Z. Wu) assessed all discrepant items and the majority
opinion was used to choose studies for analysis.

Quality assessment

To ascertain the validity of the eligible studies, the quality
of each study was evaluated in reference to the Newcastle—
Ottawa statement by two investigators (R. H. Tian and H. 1.
Ji) [14]. In this ‘star system’ scale, studies were judged on
three aspects: selection, comparability and exposure. For
the selection and exposure categories, a maximum of one
star was awarded for each numbered item, whereas for the
comparability, a maximum of two stars was awarded.
Therefore, the quality of each study, with nine stars at
most, was classified as follows: <5 stars as low quality and
>6 stars as high quality. Also, to resolve disagreements
between reviewers, a third reviewer (X. Liu) assessed all
discrepant items and the majority opinion was used to
award the stars.
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Statistical analyses

Pooled HRs with 95 % CI were analyzed. Heterogeneity
analysis was performed by calculating the /> index, which
was interpreted as low (25 %), moderate (50 %) and high
heterogeneity (75 %) [15]. For the meta-analysis, both
fixed-effects (weighted with inverse variance) and random-
effects models were considered. A random-effects model
was chosen when heterogeneity was >50 %, while a fixed-
effects model was chosen when heterogeneity was <50 %
[16]. Publication bias was assessed using a standard funnel
plot, and funnel plot asymmetry was further tested using
Begg’s and Egger’s regression methods [17]. Forest plots
were sorted according to first author’s name, year of pub-
lication and country to illustrate the HR with 95 % CI. All
statistical analyses were performed using Stata Version
12.0 software (Stata Corporation, College Station, TX).

Results

Study characteristics and quality assessment

The current meta-analysis was carried out in accordance
with the guidelines of PRISMA [18]. The literature search

identified 186 potentially relevant articles. 61 papers were
excluded because of duplicates. After screening titles and

abstracts, 77 irrelevant articles were excluded because they
involved animal/in vitro studies, letters or commentaries and
other cancer types. After reading the full text of the
remaining 48 studies, 42 were excluded because review
articles or case reports, other treatment agents, assessing risk
of cancer and no sufficient data. Finally, six studies [9, 12,
13, 19-21] involving 2350 patients matched our inclusion
criteria and included in the current meta-analysis. The pro-
cess of study selection is shown in a flow chart (Fig. 1).

The baseline characteristics of each study are shown in
Table 1. These six papers were all retrospective studies
with 4 cohort studies and 2 data-based studies. Most of
them were published very recently in 2015 from China and
USA. All subtypes of lung cancer including SCLC as well
as NSCLC with I to IV stage were involved. The median
age of enrolled patients ranged from 56.2 to 72.5.

The quality of the six included studies was appraised in
reference to the Newcastle—Ottawa statement and the stars
number ranged from 6-8, which indicated a high quality of
all the eligible studies (Table 2).

Publication bias

Several strategies were used in the study design to mini-
mize the potential for publication bias. These were the
extension of search strategy, strict inclusion criteria and the
careful design of the analytic method. Publication bias was

Fig. 1 Flow chart showing the

process of study selection S Potentially records identified
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Table 2 The.quality 9f the. six Author Year Country  Selection (4) Comparability (2) Outcome (3) Total
included studies appraised in
reference to the Newcastle— Kong et al. 2015 China *  * * * *x *x *x 7
Ottawa statement Ahmed etal. 2015 USA * Kk * * * * x 8
Xu et al. 2015 USA *x K *x K * * 6
Xu et al. 2015  China *x K * * * * * 7
Lin et al. 2015 USA *x *x % * * * * * 8
Mazzone et al. 2012 USA *x * Kk k x *x % 7
Fannelploywilli DESIo/98 % coRNaBATS (IS median OS in the metformin use groups ranged from
o 5-20 months while non-metformin use groups ranged from
,// \\\ 3-19.2 months. All studies reported the HR value of OS
_ /) b ° when compared the overall survival of metformin and non-
| e N\ metformin use groups. The HR value ranged from
= P £ 0.504-1.73 indicating that the prognosis value of met-
S o :/ \\ formin use in lung cancer patients with T2D was not
3 v % confirmed. The result of meta-analysis demonstrated that
ol //’ ‘\\ the pooled HR was 0.90 (95 % CI 0.84-0.96; I> = 88.1 %;
//. . \\ P = 0.003) (Fig. 3). The combined HR showed that met-
.y N formin use may associate with a good prognosis in lung
<l / . . N cancer patients with T2D but the effect was modest.
A 5 0 5 1 Furthermore, the studies were stratified to evaluate HR
hr

Fig. 2 Publication bias assessed by the funnel plot
not found according to the funnel plot (Begg’s test,
P = 0.436; Egger test, P = 0.311) (Fig. 2).

Pooled effect of metformin on survival outcomes
of lung cancer

Four of the eligible studies reported the median OS in the
metformin and non-metformin use group patients. The

of OS by region (Asian or Western), study design (cohort
or data-based study) and lung cancer subtypes (SCLC,
NSCLC, or non-divided subtypes). To analyze study region
on evaluating HR, the studies from Asia countries showed
a statistically significant HR of 0.52 (95 % CI 0.31-0.87;
P =00 %; P = 0.012), however, the studies from Wes-
tern countries almost had no statistical significance
(HR =086, 95% CI 0.67-1.11; I =289.9 %;
P = 0.361). In analyzing study design on evaluating HR,
both cohort and data-based design studies had no signifi-
cance (HR =0.78, 95 % CI 0.52-1.15, F* =52.5 %;

Fig. 3 Meta-analysis of all the Study Year Country HR (95% Cl)  Weight%
eligible studies for the hazard
ratio with 95 % CI of overall ] R )
survival Kong et al. 2015 China \ 4 ; 0.50 (0.25, 0.95) 1.10
Ahmedetal. 2015 USA ' L g 1.73(0.78, 3.85) 0.75
Xu et al. 2015 USA — o 0.90 (0.64, 1.28) 4.00
s 0.93 (0.48, 1.80) 1.10
—0;—' 0.80(0.63, 1.01) 8.63
—o— 0.76 (0.58, 0.99) 6.72
—_— E 0.59 (0.40, 0.85) 3.38
— 0.58 (0.47, 0.73) 9.91
Xu et al. 2015 China & 0.55 (0.20, 0.98) 0.75
Linetal. 2015 USA —O-j 0.80 (0.71, 0.89) 37.65
Mazzone et al. 2012 USA ] —e 1.47 (1.12, 1.47) 25.99
Overall (l-squared = 88.1%, p = 0.000) @ 0.90 (0.84, 0.95) 100.00
I I I 1
198 1 5.05
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P=0216 and HR = 0.82,

2 =914 %;

Fig. 4 a Sub-group analysis
according to study design
(cohort and data based) on
evaluating hazard ratio with

95 % CI of overall survival;

b Sub-group analysis according
to study region (Asian and
Western) on evaluating hazard
ratio with 95 % CI of overall
survival

Fig. 5 Sub-group analysis
according to subtypes of lung
cancer (SCLC small cell lung
cancer, NSCLC non-small cell
lung cancer; non-divided
subtypes) on evaluating hazard
ratio with 95 % CI of overall
survival

@ Springer

P = 0.264, respectively) (Fig.4). A sub-
group analysis was also performed for studies concerned

95 % CI 0.59-1.16,

CI 0.31-0.87; PP

= 0.0 %;

with different subtypes of lung cancer (Fig. 5). The meta-
analysis demonstrated that the HR of OS was 0.52 (95 %
P =0.012), 1.06 (95 % CI

a
Study Year Country HR (95% Cl) Weigh %
1 1
Kon% etal. 2015 Chma —_— 0.50(0.25,0.95) 6.42
2015 Chi 0.55(0.20; 0.98 524
Subtotal (I-squared = 00% p= 0874-)-{..:=-,L 0.52(0.31,0.87) 11.66
2 :
Ahmed etal. 2015 USA - \ g 1.73(0.78,3.85) 5.24
Xurgteal_e @ 2015 USA —30—— 0.90(0:64, 1.28) 9.89
—_——— 0.93(0.48, 1.80) 6.41
¢' 0.80(0.63, 1.01) 11.12
0.76 (0.58, 0.99 10.79
T 0.59 (0.40, 0.85) 9.53
. 0.568(0.47,0.73) 11.27
Lin et al. 2015 USA - 0.80(0.71,0.89) 12.12
Mazzone et al.2012 USA | —e 1.47 (1.12, 1.47 11.97
Subtotal (I-squared = 89.9%, p = 0.000) T 0.86 (0.67, 1.11 88.34
Overall (l-squared = 88.1%, p = 0.000) e 0.81(0.64, 1.03) 100.00
T ’ T
198 1 5.05
b
Study Year Country HR (95% CI) Weigh %
1 |
Kongetal. 2015 China _— 0.50(0.25,0.95) 6.42
Ahmed etal. 2015 USA L 4 1.73(0.78,3.85) 5.24
Xu et al. 2015 China L g n 0.565(0.20,0.98) 524
Lin et al. 2015 USA —- 0.80(0.71,0.89) 12.12
Subtotal (l-squared =52.5%, p = 0.097) — 0.78(0.52; 1.15)  29.02
2 '
Xu et al. 2015 USA — T 0.90(0.64,1.28) 9.89
— dae e o,
—— 0.76 (0:58.0.99)  10.79
— 0.59(0.40; 0.85)  9.53
—— 0.58(0.47,0.73) 11.27
Mazzone et al2012 USA . —e 1.47(1.12, 1.47 11.97
Subtotal (I-squared = 91.4%, p = 0.000) — 0.82(0.59, 1.16 70.98
Overall (I-squared = 88.1%, p = 0.000) — 0.81(0.64,1.03) 100.00
T ! T
.198 1 5.05
Study Year Country HR (95% CI) Weigh %
1 3
Kongetal. 2015 China —0—;— 0.50 (0.25, 0.95) 6.42
Xu et al. 2015 China - 0.55(0.20,0.98) 524
Subtotal (l-squared = 0.0%, p = 08#)::3}#- 0.52 (0.31,0.87) 11.66
2 :
Ahmed etal. 2015 USA - \ g 1.73(0.78,3.85) 5.24
Linetal. 2015 USA - 0.80(0.71,0.89) 12.12
Subtotal (I-squared =71.6%, p=0.061) === | ————=— 1.06 (0.51,2.19) 17.36
3 %
Xu et al. 2015 USA — 0.90(0.64,1.28) 9.89
E—— 0.93(0.48,1.80) 6.41
—— 0.80(0.63,1.01) 11.12
—— 0.76 (0.58,0.99) 10.79
—0—:— 0.59 (0.40, 0.85) 9.53
—— 0.58(0.47,0.73) 11.27
Mazzone et al2012 USA . —e 1.47 (1.12,1.47) 11.97
Subtotal (I-squared = 91.4%, p = 0.000) ol - 0.82(0.59, 1.16) 70.98
Overall (l-squared = 88.1%, p = 0.000) <>- 0.81 (0.64, 1.03) 100.00
T * T
198 1 5.05
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Table 3_ Sub-group ana!ysis of Sub-group No. of studies No. of individuals Heterogeneity = Pooled result
summarized HRs reflecting the
association between metformin Pl% Pvalue HR 95 % CI P value
use and overall survival in lung
cancer pa[jen[s with type 2 Area 88.1 0.000 0.81 0.64-1.03 0.088
diabetes Asia 2 328 0.0 0.871 0.52 0.31-0.87 0.012
Western 4 2022 89.9 0.000 0.86 0.67-1.11 0.361
Study design 88.1  0.000 0.81 0.64-1.03 0.088
Cohort 1118 52.5 0.097 0.78 0.52-1.15 0.206
Case control 2 1232 91.4 0.000 0.82 0.59-1.16 0.264
Lung cancer subtype 88.1 0.000 0.81 0.64-1.03 0.088
SCLC 2 328 0.0 0.871 0.52 0.31-0.87 0.012
NSCLC 2 790 71.6 0.061 1.06 0.51-2.19 0.878
Non-divided 2 1232 914 0.000 0.82 0.59-1.16 0.264

HR hazard ratio, CI confidence interval, No. number, SCLC small cell lung cancer, NSCLC non-small cell

lung cancer

0.51-2.19; I* = 71.6 %; P = 0.878) and 0.82 (95 % CI
0.59-1.16; I* = 91.4 %; P = 0.264) for SCLS, NSCLC
and non-divided subtypes, respectively (Table 3).

Discussion

Our meta-analysis assessed the effects of metformin use on
overall survival of lung cancer patients with type 2 diabetes
mellitus. As per the literature to date, this is the first meta-
analysis that has evaluated the association between met-
formin use and disease progression among these patients.
We found four retrospective cohort studies and two data-
based studies (utilized the real-world electronic medical
records or cancer registry or administrative claims data-
bases) for conducting this meta-analysis. We found that
metformin marginally improved the overall survival of
lung cancer patients with type 2 diabetes mellitus. The
pooled HR was 0.90 (95 % CI 0.84-0.96; P = 0.003)
which indicated that metformin use may associate with a
good prognosis in lung cancer patients with T2D but the
effect was modest. In sub-group analysis, metformin use
significantly associated with a good prognosis in patients
with SCLC, patients from Asian (cancer patients taking
metformin have longer survival compared to those not
taking metformin). However, as showed in Western,
NSCLC and all subtypes of lung cancer sub-groups anal-
ysis, metformin use was not associated with a good prog-
nosis in these patients.

The relation between diabetes and cancer risk has been
well documented [3]. The increased cancer risk in diabetes
has been explained by obesity, insulin resistance, and/or
increased levels of IGF-I and insulin [22]; and hyper-
glycemia also may play a role in enhancing tumor growth
or resistance to anti-tumor therapy [23].

As a well-accepted anti-diabetes drug, the anti-cancer
effect of metformin has also been studied all over the
world. It could be benefit for performing better therapeutic
strategies and improve the prognosis of cancer patients
with T2D by elucidating the mechanisms that are involved
in the anti-cancer effect of metformin. However, to date,
the exact molecular mechanism of the anti-cancer role of
metformin has not been fully unveiled. The potential
mechanisms include the following: (1) The most widely
accepted mechanism of metformin action is, by indirect
activation of the central energy sensor, adenosine
monophosphate-activated protein kinase (AMPK), which
also plays a key role in insulin signaling [24, 25]. Met-
formin can also directly inhibit tumor cell growth/prolif-
eration via modulation of cyclin D1-medicated cell cycle
and the expression of tumor suppressor p53 in different
tumor cells including pancreatic cancer and breast cancer
[26]; (2) Enhance the tumor chemotherapy/radiotherapy
sensitivity by the regulation of tumor micro-environment
[27]; (3) Recently, one study reported that the underlying
anti-cancer effect of metformin may be immunemediated
[28]; (4) Metformin may also selectively inhibit the CSC
phenotypes and functions, which may be responsible for
inhibition of tumor development and progression. More-
over, emerging evidence suggests that metformin may play
important roles in the modulation of tumor-associated or
CSC-associated miRNAs that are critically important in the
development and progression of a variety of tumors [29].

Several limitations had to be considered in the current
meta-analysis. First, Asian patients are also the SCLC
patients in the group analysis. Therefore, it cannot be
known if the benefit observed by metformin use in these
patients is related to the histology or the race of the
patients. Second, the reason that patients were not receiv-
ing metformin was not clearly known. Most of the non-
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metformin patients will be requiring insulin because have
worse controlled type 2 diabetes. The use of insulin could
be a worse prognostic factor for itself (they have worse
controlled diabetes). Also, insulin receptor (IR) and insu-
lin-like growth factor receptor (IGF-1R) have been
described as worse prognostic factors in lung cancer
patients [30, 31], and these receptors could be stimulated
by insulin administration, whilst metformin could decrease
the circulating levels of insulin, having an indirect effect
[8]. Third, although, most of the eligible studies included in
this current study were adjusted for potential confounders,
thus minimizing potential bias, heterogeneity across studies
is still relatively high. The high heterogeneity could come
from variety bias. In most study, the information on cancer
treatment was not described clearly, which could affect the
survival of cancer patients and thus biased the effect esti-
mate of metformin on survival. Lack of metformin dose
could be another major source of heterogeneity. In addi-
tion, different kinds of cancer stages, pathological types,
size and metastasis may also explain the high heterogene-
ity. Fourth, the current meta-analysis was not based on
individual patient data, which could be the cause of an
overestimate of the treatment effects. Finally, we per-
formed sub-group analysis according to region, cancer
subtype and study design, but the limited data would
potentially limit the evaluation of the therapeutic effects.

In conclusion, our meta-analysis demonstrated that
adjuvant therapy of metformin, an anti-diabetes drug with
well-established side effect and safety profiles, may asso-
ciate with a good prognosis in lung cancer patients with
T2D but the effect was modest. However, the sub-group
analysis showed that metformin use may significantly
improve the overall survival in SCLC patients and lung
cancer patients in Asian. These findings suggest that met-
formin use could achieve benefits in a selective sub-group
of lung cancer patients with diabetics. Further studies are
warranted to confirm this efficacy especially blind ran-
domized controlled clinical trial.
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