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Background: The prognostic value of Metformin for concurrent non-small cell lung cancer (NSCLC)
has been controversial in previous individual studies and meta-analyses. In order to further investigate the
value of this medication, we conducted a systematic review and meta-analysis for patients with advanced or
inoperable NSCLC.
Methods: We searched articles from PubMed, Scopus and Web of Science databases; the time interval
was from the inception date of the databases to 1 September 2017. Inclusion criteria for eligible studies
were: advanced or inoperable NSCLC; Metformin as an experimental group, and non-Metformin usage as a
control group; progression-free survival (PFS) or overall survival (OS) as the outcome, with available hazard
ratio (HR). Data synthesis was conducted based on the random-effect model.
Results: From a total of 97 articles in databases, we included seven eligible studies. Among them, only
one study compared Metformin usage and non-Metformin usage for NSCLC patients who didn’t have
diabetes mellitus (DM): no significant difference was found in either OS or PFS. The remaining six studies
compared Metformin usage and non-Metformin usage for patients with concurrent NSCLC and DM:
according to meta-analysis, significantly prolonged OS was found in Metformin usage rather than nonMetformin usage [pooled HR =0.87 (0.77–0.99), P=0.04]; no significant difference was indicated in PFS
[pooled HR =0.85 (0.67–1.07), P=0.16]. In subgroup analysis, among patients with late-stage NSCLC and
DM, significant difference was found, regardless of OS [pooled HR =0.81 (0.70–0.94), P<0.01] or PFS [pooled
HR =0.71 (0.58–0.88), P<0.01]. However, among patients with local advanced NSCLC and DM, there was
no significant difference [OS: pooled HR =1.05 (0.79–1.40), P=0.74; PFS: pooled HR =0.94 (0.68–1.32),
P=0.74].
Conclusions: The prognostic value of Metformin for concurrent late-stage NSCLC and DM was
demonstrated. It deserves further confirmation and explanation.
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Introduction
Lung cancer is the leading cause of cancer morbidity and
mortality in males, and also the second leading cause of
mortality in females worldwide (1). There are two cancer
types, non-small cell lung cancer (NSCLC) and small cell
lung cancer (SCLC), accounting for 84% and 16% of all
lung cancer cases, respectively (2). The 5-year survival rate
of stage IA NSCLC is 73%, but the 5-year survival rate of
stage IV decreases to 13% (3).
Diabetes mellitus (DM) is another common disease
worldwide. According to the current report of World
Health Organization, there were approximately 422 million
cases of diabetes in 2014, its global prevalence had risen
from 4.7% in 1980 to 8.5% in 2014 among adults over
18 years of age; it is projected to be the seventh leading
cause of mortality in 2030 (3). DM is a major cause of
other diseases, including kidney failure, diabetes-related
heart diseases, lower limb amputation, etc., threatening life
expectancy and quality of life.
To successfully cure early-stage NSCLC and even
prolong survival for late-stage NSCLC patients, in current
stage a number of therapeutic strategies have been developed
and implemented, such as surgery, chemotherapies, targeted
therapies and immunotherapies. Nevertheless, the condition
becomes complex for treatments when patients have other
diseases like diabetes concurrently with lung cancer.
Normally, Metformin is the first-line treatment for
uncomplicated cases of type 2 diabetes. For patients with
diabetes, three meta-analyses (one based on systematic
review) have demonstrated significantly lower risk of cancer
with Metformin compared to non-Metformin use (4-6).
Accordingly, a hypothesis that Metformin may have anticancer effects on lung cancer was proposed. It is worthy of
acknowledgement that, Metformin has been proved as a
safety profile for patients. More importantly, compared with
other anti-cancer treatments for lung cancer, its price is
affordable. Therefore, even though the mechanism between
Metformin and lung cancer is not completely understood
yet, further studies have been implemented to investigate
whether Metformin could prolong the survival of lung
cancer patients.
Based on three current meta-analyses (one based on
systematic review), potential efficacy of Metformin to
prolong overall survival (OS) could be found in SCLC
consistently. The pooled hazard ratio (HR) was 0.52
(P<0.05) in the three studies (7-9). However, for NSCLC
their outcomes were controversial. In the systematic review
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and meta-analysis, Metformin significantly improved both
OS and progression-free survival (PFS) of diabetic NSCLC
patients (7). The pooled HR was 0.77 (0.71–0.84) (P<0.01)
and 0.53 (0.39–0.71) (P<0.01), respectively. A meta-analysis
presented similar findings [OS: HR =0.75 (0.58–0.97)
P=0.03] (8). However, an inconsistent outcome was found in
another meta-analysis, in which Metformin did not improve
OS of NSCLC + DM patients [HR =1.06 (0.51–2.19),
P=0.88] (9).
From these studies, we also recognized that patients with
different cancer stages were eligible for meta-analyses. In
this condition, the patients’ survival may not directly reflect
the real efficacy between different treatment strategies
for cancer. Because, other causes of mortality may exist in
addition to lung cancer itself (such as different complications
of diabetes), especially in early-stage NSCLC, these other
causes may contribute further effects to patients’ life
quality and survival due to longer life expectancy. Namely,
if above meta-analyses only investigated the Metformin
and non-Metformin usage in patients who had advanced
or inoperable NSCLC patients (instead of early-stage
NSCLC), with a shorter life expectancy, the survival of both
groups would be more reflected by the Metformin usage,
instead of other causes mentioned above. Considering the
complexity of the patients with both NSCLC and DM,
we assume one of the ideal strategies is to comparing
Metformin usage and non-Metformin usage in NSCLC
patients who do not have diabetes. In this way, the effects
from DM could be attenuated.
Given the above consideration based on current metaanalyses, in this systematic review and meta-analysis, we
aim to investigate the efficacy of Metformin on advanced or
inoperable NSCLC patients, including the patients with or
not with diabetes in our eligible studies.
Methods
Search strategy and study selection
Based on the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) Statement (10),
articles were searched and selected by JRZ. Databases
included PubMed, Scopus and Web of Science, and the
time interval was from the inception date of the databases
to 1 September 2017. The search formula was: (((Lung
Cancer[Title/Abstract]) AND Metformin[Title/Abstract]))
AND (((((Advanced) OR Metastatic) OR Inoperable) OR
Unresectable) OR Stage IV) [English] [Journal Article].
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97 records identified through searching PubMed, Scopus, and Web of Science
20 duplicate records removed
70 full-text articles excluded
77 full-text articles assessed for eligibility

37 not NSCLC
7 not focusing on Metformin
6 inappropriate publication types (meta-analysis, review, protocol)

7 of articles eligible

13 not clinical studies
7 not advanced/inoperable cancer

5 [3] articles included into quantitative synthesis based on OS (PFS)

Figure 1 Flow chart of study identification and selection. NSCLC, non-small cell lung cancer; OS, overall survival; PFS, progression-free
survival.

In our research, the inclusion criteria for eligible studies
is: (I) the studies should be a cohort study or randomized
controlled trial; (II) the studies should focus on advanced
or inoperable NSCLC patients, instead of early-stage
NSCLC or SCLC; (III) the experimental group should
involve Metformin usage, and the control group should
not have Metformin usage; (IV) the studies should have
the survival data based on the comparison of Metformin
usage and non-Metformin usage, including PFS and OS.
The articles of these studies should be a full-length research
paper published in an academic journal; the articles written
in other languages instead of English were excluded. The
quality of our included articles was assessed according to
the Cochrane Collaboration’s tool (Figure S1). Endnote X7
(Thomson Reuters, New York, US) was used during this
process.
Data extraction
The following characteristics of each trial were extracted:
author, published year, study design, anti-cancer treatments,
cancer stage, comparison with basic population (with
or without diabetes), patient number, median PFS and
corresponding HR, and median OS with its HR. For these,
JRZ firstly extracted, and JYW checked the data.
Statistical analysis
Data synthesis was conducted based on the Generic Inverse
Variance method and the fixed-effect model in Review
Manager 5.3 (The Cochrane Collaboration, London,
England). In this process, if the corresponding p value for
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heterogeneity was less than 0.05 or the I2 index (I2) was over
50%, we used a random-effect model instead of the fixedeffect model, to reduce the heterogeneity effect on data
synthesis. The pooled HR was the outcome: HR less than
1 indicated patients with Metformin usage had longer PFS
or OS than patients without Metformin usage. Significant
difference was indicated if P value was less than 0.05.
Subgroup analysis was conducted based on cancer stage
(local advanced versus advanced).
Results
From a total of 97 articles in electronic databases, we
included seven eligible articles (Figure 1) (11-17). Among
them, only one was a randomized controlled trial, and the
rest were retrospectively cohort studies based on existing
databases. Basic characteristics of all included studies were
summarized in Table 1.
Characteristics of comparison data in included studies
is demonstrated in Table 2. There was only one study
comparing Metformin usage and non-Metformin usage in
NSCLC patients without DM. There was no significant
difference on either OS or PFS (13). The remaining studies
focused on the comparison of Metformin usage and nonMetformin usage in patients with concurrent NSCLC
and DM, including one study that specifically compared
Metformin with insulin or other DM treatments (instead
of Metformin and Insulin) (11). Among them, a significant
difference in OS and PFS could be found in four and three
studies, respectively.
Results of data synthesis based on patients with both
NSCLC and DM are presented in Figures 2 and 3. Overall,
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Table 1 Characteristics of all included studies (basic information)

NSCLC

Author & year

Region

Study design

Anti-cancer
treatments

Overall

Stage IIIb–IV (%)

Tan B 2011 (11)

China

Retrospective cohort study

Chemotherapy

Advanced, inoperable

59 (79.7)

Yes

Ahmed I 2015 (12)

USA

Retrospective cohort study Chemoradiotherapy Locally advanced, inoperable

21 (40.0)

Yes

Sayed R 2015 (13)

Egypt

Randomized controlled trial

Chemotherapy

Stage IV

30 (100.0)

No

Chen H 2015 (14)

China

Retrospective cohort study

EGFR-TKI

Advanced, inoperable

84 (93.3)

Yes

Stage IV

349 (100.0)

Yes

Lin J 2015 (15)
Wink K 2016 (16)
Arrieta O 2016 (17)

USA

†

Retrospective cohort study

Chemotherapy

Netherlands Retrospective cohort study Chemoradiotherapy Locally advanced, inoperable
Mexico

Retrospective cohort study

Chemotherapy/TKI

Advanced, inoperable

§

DM

NG

Yes

174 (93.5)

Yes

†

, in this study, there were other treatments for lung cancer instead of chemotherapy, in order to improve consistence of the baseline
among all included studies, we selected data only based on chemotherapy; §, the study demonstrated 644 (94.4%) patients with stage III (no
stage IV), but did not separate the data into stage IIIa and stage IIIb. NSCLC, non-small cell lung cancer; EGFR, epidermal growth factor
receptor; TKI, tyrosine kinase inhibitors; NG, not given; DM, diabetes mellitus.

Table 2 Characteristics of all included studies (comparison)
Author & year
Tan B 2011 (11)

Patient

Comparison

PFS (HR)

OS (HR)

35

Median 8.4 vs. 4.7 months (NG)*

Median 20.0 vs. 13.1 months (NG)*

39

25

Median 8.4 vs. 6.4 months (NG)*

Median 20 vs. 13 months (NG)*

Exp

Con

DM: Metformin vs. Insulin

39

†
a

DM: Metformin vs. Other
Ahmed I 2015 (12)

DM: Metformin vs. Other

20

20

Median 10.1 vs. 19.7 months
[1.4 (0.65–3.04)]

Median 14.3 vs. 19.2 months
[1.73 (0.78–3.85)]

Sayed R 2015 (13)

Non-DM: Metformin vs. no
Metformin

15

15

Median 5.5 vs. 5.0 months (NG)

Median 12.0 vs. 6.5 months (NG)

Chen H 2015 (14)

DM: Metformin vs. Other‡

44

46

Median 19 vs. 8 months
[0.46 (0.28–0.75)]*

Median 32 vs. 23 months
[0.44 (0.26–0.76)]*

Lin J 2015 (15)

DM: Metformin vs. Other§

227

122

NG (NG)

NG [0.77 (0.65–0.92)]*

Wink K 2016 (16)

DM: Metformin vs. Othera

59

623

Median 41 vs. 15 months
[0.63 (0.41–0.96)]*

Median 33 vs. 23 months
[0.86 (0.57–1.28)]

Arrieta O 2016 (17)

DM: Metformin vs. Other¶

111

75

NG (NG)

Median 25.6 vs. 13.2 months
[0.57 (0.36–0.90)]*

†

, including Sulfonylureas, Acarbose, or Thiazolidinedione; ‡, including Sulfonylureas, Acarbose, Thiazolidinedione, or Insulin; §, including,
Sulfonylureas, a-glucosidase inhibitors (including Acarbose), Thiazolidinedione, Insulin, Meglitinides, and dipeptidyl peptidase-4
inhibitors; ¶, including Glibenclamide (one kind of Sulfonylureas), or Insulin; a, no detailed information of what medications or diet-controlled strategies were used instead of Metformin; *, significant difference. Exp, experimental group; Con, control group; DM, patients with
diabetes mellitus; Met, Metformin; Non-DM, patients without diabetes mellitus; Other, other diabetes treatments instead of Metformin; OS,
overall survival; PFS, progression-free survival; HR, hazard ratio; NG, not given.

patients with Metformin usage had longer OS and PFS
than patients without Metformin usage, but a significant
difference could be only found in OS [OS: pooled HR =0.87
(0.77–0.99), P=0.04; PFS: HR =0.85 (0.67–1.07), P=0.16].
In subgroup analysis, a significant prolonged survival was
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shown among advanced cancer patients with Metformin
usage compared with non-Metformin usage, regardless of OS
[pooled HR =0.81 (0.70–0.94), P<0.01) or PFS (pooled HR =
0.71 (0.58–0.88), P<0.01]; however, among local advanced
cancer patients, no significantly longer OS and PFS was
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log [Hazard Ratio]
Study or subgroup
SE
2.1.1 Local advanced
0.2380461
Ahmed I 2015
0.17687911
–0.06550155
Wink K 2016
0.0896263
Subtotal (95% CI)
Heterogeneity: Tau2 =0.03; Chi2 =2.34, df =1 (P=0.13); I2 =57%
Test for overall effect: Z =0.33 (P=0.74)
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Hazard Ratio
Weight IV, Random, 95% CI
9.9%
21.7%
31.5%

1.27 [0.90, 1.79]
0.94 [0.79, 1.12]
1.05 [0.79, 1.40]

19.4%
16.5%
32.5%
68.5%

0.78 [0.64, 0.96]
0.70 [0.55, 0.88]
0.89 [0.83, 0.96]
0.81 [0.70, 0.94]

100.0%
Total (95% CI)
2
2
2
Heterogeneity: Tau =0.01; Chi =9.91, df =4 (P=0.04); I =60%
Test for overall effect: Z =2.06 (P=0.04)
Test for subgroup differences: Chi2 =2.38, df =1 (P=0.12); I2 =57.9%

0.87 [0.77, 0.99]

2.1.2 Advanced
–0.24412514
Arrieta O 2016
0.10151531
–0.35654732
0.1188368
Chen H 2015
–0.11350928
0.03848838
Lin J 2015
Subtotal (95% CI)
Heterogeneity: Tau2 =0.01; Chi2 =4.78, df =2 (P=0.09); I2 =58%
Test for overall effect: Z =2.77 (P=0.006)

Hazard Ratio
IV, Random, 95% CI

0.01

0.1
1
Favours [experimental]

10
Favours [control]

100

Figure 2 Forest plot on OS. SE, standard error; OS, overall survival.

Weight

Hazard Ratio
IV, Random, 95% CI

24.8%
39.2%
64.0%

1.16 [0.83, 1.62]
0.82 [0.68, 0.98]
0.94 [0.68, 1.32]

36.0%
36.0%

0.71 [0.58, 0.88]
0.71 [0.58, 0.88]

100.0%
Total (95% CI)
Heterogeneity: Tau2 =0.03; Chi2 =5.68, df =2 (P=0.06); I2 =65%
Test for overall effect: Z =1.40 (P=0.16)
Test for subgroup differences: Chi2 =1.92, df =1 (P=0.17); I2 =47.8%

0.85 [0.67, 1.07]

SE
Study or subgroup
log [Hazard Ratio]
1.1.1 Local advanced
0.17090822
Ahmed I 2015
0.14612804
0.09425698
Wink K 2016
–0.20065945
Subtotal (95% CI)
Heterogeneity: Tau2 =0.04; Chi2 =3.16, df =1 (P=0.08); I2 =68%
Test for overall effect: Z =0.33 (P=0.74)
1.1.2 Advanced
Chen H 2015
–0.33724217
Subtotal (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z =3.09 (P=0.002)

0.10915899

0.01

Hazard Ratio
IV, Random, 95% CI

0.1

1
10
Metformin Non-Metformin

100

Figure 3 Forest plot on PFS. PFS, progression-free survival.

found in Metformin usage group [OS: pooled HR =1.05
(0.79–1.40), P=0.74; PFS: HR =0.94 (0.68–1.32), P=0.74].
Discussion
As we acknowledge, this systematic review and metaanalysis is the first to investigate the value of Metformin for
advanced or inoperable NSCLC patients. We found that,
the NSCLC and DM patients with Metformin usage had
significantly longer OS than the NSCLC and DM patients
without Metformin usage. In addition to this comparison,
both significantly longer PFS and OS could be found in
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diabetic patients with advanced NSCLC, instead of local
advanced NSCLC.
Even though sufficient understanding of the association
between Metformin and lung cancer has not been
completely confirmed, some known mechanisms may
account for the above findings. (I) Metformin activates
the adenosine mono-phosphate activated protein kinase
(AMPK) pathway. AMPK is a highly-conserved serine/
threonine protein kinase that plays an important role
in protecting cellular functions under energy restricted
conditions (18). Sanchez-Cespedes and his team found that
about 30% of NSCLC contain the mutant liver kinase B1
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(LKB1) gene (19), which is an upstream signal of AMPK.
The mutant LKB1 will lead to AMPK dysfunction. Studies
showed that Metformin actives AMPK by specifically
inhibiting mitochondrial respiratory complex I (complex I)
(20,21). This inhibition leads to a decline of adenosine
triphosphate (ATP) in cells directly and deteriorates the
balance of ATP production and consumption. As a result,
AMPK is activated by increasing the intercellular AMP
to ATP ratio (18). AMPK activation leads to essential
metabolic enzymes phosphorylation and transcription
factors or co-activators modulating gene expression,
which inhibits glucose, fat and protein synthesis in tumor
cells. Thus, the AMPK pathway could inhibit tumor cell
proliferation by regulating inflammatory response in the
tumor microenvironment (22), especially in inhibiting
the expression of cyclooxygenase-2 (COX-2) (23).
This finding demonstrates Metformin has potential
anticancer ability in the tumor microenvironment. (II)
Metformin inhibits insulin receptor (IR) and insulin-like
growth factor-1 receptor (IGF-1R) in NSCLC. The IR and
IGF-1R pathway activates cell proliferation and mitosis by
activating phosphatidyl inositol 3-kinase (PI3K) and protein
kinases B (Akt). Memmott et al., have found that Metformin
decreased phosphorylation of IGF-1 and/or IR in lung
tissue and in circulation via mTOR pathways, instead of
AMPK (24). This AMPK-independent pathway could also
eliminate downstream signaling and inhibit cancer cell
proliferation (23).
From this study, cautious interpretation is needed. First,
our meta-analysis was conducted based the comparison of
Metformin usage and non-Metformin usage in patients
with NSCLC and DM. As we acknowledge, Metformin
is the first-line treatment for type 2 DM, especially in
the early stage. In other words, a mono strategy is not
efficacious when diabetes deteriorates to the late stage. In
this condition, other treatments need to be considered, like
Insulin. Therefore, we assume that, perhaps the patients’
disease burden in the non-Metformin group may be higher
than the burden in the Metformin group, to some extent
leading to inferior survival in the non-Metformin group.
With this assumption, according to our study and two
previous meta-analyses with positive results (7,8), it is still
difficult to conclude that Metformin presents an anti-cancer
effect on patients with NSCLC and DM, and prolongs their
survival.
To more exactly investigate the value of Metformin
for NSCLC, one of the ideal strategies is to compare
Metformin usage and non-Metformin usage in NSCLC
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patients who do not have diabetes. In this situation,
the stage of diabetes and the effects of other diabetic
treatments could unnecessarily impact the final treatment
effect. As of now, we only recognize one study based
on this population for comparison (13). The result
showed that patients using Metformin had longer PFS
and OS compared with patients not using Metformin,
even though no statistically significant difference was
indicated. We consider the sample size was too small
(both 15 patients in experiential and control arms), in
order to attenuate the statistical power of treatment
effect. However, this study still indicates the potential
value of Metformin for treating NSCLC, which warrants
future larger studies to confirm.
Second, the interaction between Metformin and other
anti-cancer treatments on diabetic NSCLC patients is
unknown in our study. Interestingly, our included studies
presented different treatment effects of OS between
Metformin usage and non-Metformin usage in patients with
both NSCLC and DM. In one study, patients in both groups
received epidermal growth factor receptor (EGFR) tyrosine
kinase inhibitor (TKI) to treat cancer, and the treatment
effect between Metformin usage and non-Metformin usage
presented the most superiority in favor of Metformin usage
among all included studies (14). The second superiority of
the treatment effect was in the study whose patients used
chemotherapy or TKI (17). The third superiority was in the
study using chemotherapy only (15), and the worst were in
the two studies based on chemoradiotherapy. Considering
our findings and some assumptions written in this paper,
we are pleased to acknowledge a multicenter, double-blind,
randomized controlled trial (NCT01864681) (25). This
trial investigates the value of Metformin combined with
Gefitinib (one of EGFR TKIs) as the first-line treatment
for stage IIIb–IV, EGFR-mutated NSCLC patients. Also,
in this trial, patients who have diabetes would be excluded.
Based on the statistical design, a larger sample size (nearly
200 patients) would be enrolled.
There are some limitations in our research. Even
though we have already narrowed our scope on advanced
or inoperable NSCLC instead of involving SCLC and
early-stage NSCLC, the different baseline settings among
our included studies could limit the generalization of
our research, such as adjusted factors for their statistical
analyses, treatments for diabetes in non-Metformin groups,
as well as other factors we have mentioned, like diabetes
stage, NSCLC histopathological subtypes and different
treatments for cancer. Moreover, we don’t know whether
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there were other treatments used in the experimental
and control groups of all included studies, because both
advanced (or inoperable) NSCLC and DM could be
complex diseases with different complications. The
mentioned limitations above would be more evident in a
retrospective cohort study. Given that all of our included
studies for meta-analysis are based on the retrospective
cohort study design, therefore the robustness of our metaanalysis is inevitable affected by these limitations.
Furthermore, in our data synthesis, the treatment effect
in four of five studies was in favor of Metformin usage
(except one whose treatment effect was in favor of nonMetformin usage), but the effect of heterogeneity in the
data synthesis of our study was not low: the index (I2) was
over 50% in both overall and subgroup syntheses. This
attenuates the confidence of our result. Last, the number
of the studies we included is small (7 included, and only 5
eligible for meta-analysis), even though we have extended
our searching from PubMed to other large databases
(Scopus, Web of Science). This situation also limits us to
evaluate potential confounders through subgroup analysis
in this study-level research, in order to analyze the causes of
the heterogeneity in our data synthesis.
In conclusion, NSCLC and DM patients with Metformin
usage had longer survival than the patients without Metformin
usage. This superiority was more significant in the advanced
stage instead of the local advanced stage. However, considering
different factors impacting the value of Metformin for
advanced NSCLC, further investigation is needed.
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