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ABSTRACT

Introduction: Despite the growing evidence for
the anticancer effect of metformin or its com-
bination with epidermal growth factor receptor
tyrosine kinase inhibitors (EGFR-TKIs), the effi-
cacies and side effects of such strategies in non-
small cell lung cancer (NSCLC) patients with or

without type 2 diabetes mellitus (T2DM) are not
well understood. This meta-analysis was per-
formed to determine the efficacy and side
effects of metformin combined with EGFR-TKIs
(MET-EGFR-TKIs) for the treatment of NSCLC
with or without T2DM.
Methods: PubMed and Cochrane Library data-
bases were used to retrieve relevant studies
through August 2020 using the keywords
‘‘metformin’’, ‘‘EGFR-TKIs’’ (‘‘gefitinib’’ or ‘‘er-
lotinib’’ or ‘‘afatinib’’ or ‘‘icotinib’’ or ‘‘dacomi-
tinib’’) and ‘‘lung cancer’’. The patients in the
experimental group received MET-EGFR-TKIs,
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while those in the control group received only
EGFR-TKIs. The outcome analysis reported
overall survival (OS), progression-free survival
(PFS), objective response rate (ORR), and disease
control rate (DCR). Random-effect models and
fixed-effect models were used to estimate the
combined hazard ratio (HR) and odds ratio (OR)
depending on the data heterogeneity. Three
studies (including 1996 patients) were included
in the current meta-analysis.
Results: There were significant differences in
PFS (HR 0.84; 95% confidence interval (CI)
0.75–0.95; P = 0.004) and OS (HR 0.77; 95% CI,
0.50–1.04; P\0.001) between the MET-EGFR-
TKI and EGFR-TKI groups. Although the ORR
(OR 1.38; 95% CI 0.66–2.88; P = 0.105) and
DCR (OR 2.61, 95% CI 0.68–9.95, P = 0.160)
were improved, there was no statistical signifi-
cance. OS subgroup analysis showed that the
combination was more effective in NSCLC with
T2DM than in NSCLC without T2DM (HR 0.84;
95% CI 0.74–0.95; P\ 0.005).
Conclusions: MET-EGFR-TKIs provided benefits
for PFS and OS, and OS subgroup analysis
showed that patients with NSCLC with T2DM
received greater benefit than NSCLC patients
without T2DM. However, further large-scale,
well-designed randomized controlled trials
(RCTs) are warranted to confirm the findings in
the present investigation.

Keywords: Metformin; EGFR-TKIs; Non-small
cell lung cancer; Meta-analysis

Key Summary Points

Lung cancer is divided into small-cell lung
cancer (SCLC) and non-small cell lung
cancer (NSCLC), and NSCLC accounts for
approximately 80–85% of cases, with the
most predominant types being
adenocarcinomas and squamous cell
carcinomas.

Despite the growing evidence for the
anticancer effect of metformin or its
combination with epidermal growth
factor receptor tyrosine kinase inhibitors
(EGFR-TKIs), the efficacies and side effects
of such strategies in non-small cell lung
cancer (NSCLC) patients with or without
type 2 diabetes mellitus (T2DM) are not
well understood.

Metformin has been increasingly valued
for its antitumor effects.

Retrospective studies have shown that
metformin can reduce the incidence of
cancer and improve the survival rate in
patients with type 2 diabetes.

Further large-scale, well-designed
randomized controlled trials (RCTs) are
warranted to confirm the findings in the
present investigation.

INTRODUCTION

The World Health Organization (WHO) states
that lung cancer is one of the most common
cancers worldwide and has a high mortality rate
[1, 2]. Based on histology, lung cancer is divided
into small-cell lung cancer (SCLC) and non-
small cell lung cancer (NSCLC), and NSCLC
accounts for approximately 80–85% of cases,
with the most predominant types being ade-
nocarcinomas and squamous cell carcinomas
[3]. Various treatments are administered
according to the individual pathological type
and stage of each tumor.
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Platinum-based chemotherapy is the first-
line treatment for advanced NSCLC, but the
prognosis from such therapy is poor due to drug
resistance [4]. The emergence of targeted ther-
apy has changed the treatment model for
NSCLC, including ALK inhibitors, ALK/ROS1/
NRTK inhibitors, EFGR inhibitors, HER1/HER2/
HER4 inhibitors, KRAS inhibitors, and EGFR-
TKIs. For example, the emergence of epidermal
growth factor receptor tyrosine kinase inhibi-
tors (EGFR-TKIs) has improved patient progres-
sion-free survival (PFS) and overall survival (OS)
[5, 6]. Despite initially high response rates,
patients will inevitably gradually become resis-
tant to EGFR-TKI treatment [7], so there is a
crucial need to develop treatment strategies
with good curative effects and low drug
resistance.

Metformin is both a hypoglycemic agent and
an anticancer agent [8–10]. Metformin has been
increasingly valued for its antitumor effects.
Retrospective studies have shown that met-
formin can reduce the incidence of cancer and
improve the survival rate in patients with type 2
diabetes (T2DM) [11, 12]. Additionally, in
advanced NSCLC, there is some evidence that
metformin synergizes with standard therapy
[13, 14]. More importantly, metformin has been
shown to enhance the sensitization of NSCLC
to EGFR-TKIs based on in vitro studies and
clinical trials [15–17]. Metformin combined
with EGFR-TKIs (MET-EGFR-TKIs) has been uti-
lized in previous trials for NSCLC patients,
however, the results have been inconclusive.
Therefore, we conducted a systematic review to
determine the efficacy of MET-EGFR-TKIs in
patients with NSCLC and T2DM to provide a
safe and effective reference for clinicians.

METHODS

The present investigation utilized meta-analysis
based on Quality of Reporting of Meta-analyses
(QUORUM) guidelines [18] and recommenda-
tions of the Cochrane Collaboration [19].

Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

Data Sources and Searches

The electronic databases PubMed and Cochrane
Library were searched by two of the authors
independently, from their establishment to
August 2020. The Cochrane Library includes the
Cochrane Central Register of Controlled Trials,
the Cochrane Database of Systematic Reviews
(CDSR), the Database of Reviews of Effects
(DARE), and Health Technology Assessments
(HTA). The search was limited to studies in
humans but not to studies in a specific lan-
guage. The keywords ‘‘metformin’’ and ‘‘EGFR-
TKIs’’ (‘‘gefitinib’’ or ‘‘erlotinib’’ or ‘‘afatinib’’ or
‘‘icotinib’’ or ‘‘dacomitinib’’) and ‘‘lung cancer’’
(‘‘lung cancer’’ and ‘‘T2DM’’) were used. Related
to the limited number of available studies, fil-
ters were not applied for screening (such as the
Clinical Trials filter in PubMed), and studies
were selected item by item. We checked the
novelty of this analysis by entering keywords
through the ‘‘system review’’ and ‘‘meta-analy-
sis’’ filters. In addition to reviewing the research
listed in the references, a comprehensive search
was performed; if the full text was unavailable
or the research information was incomplete, the
author was contacted [16]. An example of a
conducted search on PubMed is as follows: the
keywords ‘‘metformin’’ and ‘‘EGFR-TKIs’’ and
‘‘lung cancer’’ were typed into the search bar.

Selection Criteria

1. Population: adult patients with histologi-
cally or cytologically confirmed NSCLC or
NSCLC with T2DM. The population was not
limited by sex, race, nationality, clinical
tumor stage, histology, smoking or drinking
history, or EGFR status.

2. Intervention: MET-EGFR-TKIs.
3. Comparison intervention: EGFR-TKIs with

or without placebo.
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4. Outcome: PFS as the primary prognostic
indicator; OS, ORR, and DCR as secondary
prognostic indicators.

5. Study design: randomized controlled trials
(RCTs) or non-RCTs.

Data Extraction

Data extraction was carried out by two evalua-
tors, Wang and Wei, independently, and the
extracted information included the following:
basic author information (first author and year
of publication); characteristics of the study
subjects (sex, age, ethnicity, tumor origin,
number of tumors, tumor histology, clinical
stage, and EGFR status); intervention measures
(MET-EGFR-TKIs in the experimental group and
EGFR-TKIs with or without placebo in the con-
trol group); outcome indicators (PFS and OS);
and study design (RCT or non-RCT). We entered
the raw data and the information obtained into
Table 1. The hazard ratios (HRs) between the
combination treatment group and the
monotherapy group were also recorded, and

any differences arising from this process were
resolved by consensus.

Statistical Analysis

The purpose of this study was to investigate the
PFS and OS of patients with NSCLC with or
without T2DM (diagnosed according to fasting
blood sugar and hemoglobin A1c levels and
confirmed using tests such as oral glucose tol-
erance test) treated with MET-EGFR-TKIs or
EGFR-TKI monotherapy. The effects on PFS and
OS are summarized as HRs and 95% confidence
intervals (CIs). HR\ 1 indicated that the com-
bination therapy extended OS or PFS more than
did the monotherapy. The effects on ORR and
DCR were measured as odds ratios (ORs) and
95% CIs, and OR[1 suggested that the com-
bination therapy provided a higher ORR or DCR
than monotherapy. Some studies directly
reported HR data related to our findings. In
other studies, the HR could not be obtained,
and only Kaplan–Meier curves were provided.
According to the research of Tierney et al. [20],
we extracted relevant data from the

Table 1 Characteristics of included studies

Study ID Li 2019 Arrieta 2019 Hung 2019

Region China Mexico Taiwan

Participant

(female%)

224(57.8) 139(65.5) 139(65.5)

Age(year) 59a 59.4a 70b

Histology (adenocarcinoma/squamous cell/) adenocarcinoma adenocarcinoma/NSCLC

Clinical stage IIIB/IV IIIB/IV Nac

EGFR mutation

status

Ex19d/L858R/other Ex18/Ex19d/Ex21 NAc

Interventions Gefitinib ? Metformin Gefitinib

? placebo

EGFR-TKIs ? Metformin

EGFR-TKIs

EGFR-TKIs ? Metformin

EGFR-TKIs

Outcome �´ˆ �´ˆ �

Study design Phase 2 RCT Phase 2 RCT non-RCT

a: median (SD); b: median (IQR); c: NA: not available.
Outcome: � progression-free survival (PFS); ` overall survival (OS); ´ objective response rate (ORR); ˆ disease control
rate (DCR)
RCT randomized controlled trial; EGFR-TKI epidermal growth factor receptor tyrosine kinase inhibitor

366 Oncol Ther (2022) 10:363–375



Kaplan–Meier curve and estimated the HRs and
the 95% CIs of time-event variables, including
PFS and OS. For the evaluation of heterogeneity,
we used the Q chi-square test and I2 statistics
[21]; significant heterogeneity was suspected
with I2[50% or Q test P\0.1 [22]. We used a
fixed-effects model to process the data, and
when significant heterogeneity was found
among the studies, a random-effects model was
used. If I2 was B 50% or P was[0.10, similar
studies were suspected to be similar; in contrast,
if I2 was[50% or P B 0.10, heterogeneity was
suspected, and sensitivity analysis and subgroup
analysis were carried out. Publication bias was
assessed via Begg’s and Egger’s tests [23, 24]. All
statistical analyses were performed with Stata
15.0 (Stata Corporation, College Station, TX,
USA). All analyses were based on previously
published studies; thus, no ethical approval or
patient consent was required. Two-sided
P\ 0.05 was considered statistically significant,
unless otherwise specified.

RESULTS

Search Results

A total of 43 studies were retrieved by searching
the databases, among which 19 duplicates were
excluded. By reading the titles and abstracts, a
total of 16 articles were excluded because they
contained animal experiments, were phase I
trials, were research reports or were irrelevant
studies. After reading the full text, five studies
were excluded, including one study that used a
treatment other than metformin in the control
group [11] and a dose-determining study [25];
ultimately, three studies were included. This
meta-analysis included three studies [12, 16, 17]
comprising 1996 participants, 554 of whom
were in the MET-EGFR-TKI group and 1442 of
whom were in the EGFR-TKI monotherapy
group. The main research characteristics are
described in Fig. 1.

The three studies we selected were published
in 2019 and were conducted in China, Mexico,

Fig. 1 Flow chart of the study inclusion process
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and Taiwan. The tumors in all three studies
were adenocarcinomas. In one study [16],
squamous cell carcinoma was included, while
another study [12] included not only adeno-
carcinomas but also some NSCLCs with unclear
tissue histology. Two studies [16, 17] provided
definite tumor stages and clear types of EGFR
mutation, while in another study [12], stage was
ambiguous, and no specific EGFR mutation type
was noted. In that study, response to EGFR-TKIs
was used as a surrogate for EGFR mutation,
while EGFR mutations were only found in
40.2% of participants. All studies used MET-
EGFR-TKIs in the experimental group, and the
monotherapy group used EGFR-TKIs. One study
[17] used EGFR-TKIs (gefitinib/afatinib/er-
lotinib) in combination with metformin as the
experimental group, one study12 used EGFR-
TKIs (gefitinib/erlotinib/both) combined with
prescribed metformin as the experimental
group, and patients who used metformin with-
out prescription were included in the single
EGFR-TKI group. Another study [16] used only
gefitinib and metformin in the experimental
group. Two studies [16, 17] reported PFS, OS,
ORR and DCR, and one study [12] only reported
PFS and OS. Two [16, 17] of the three studies
were phase 2 RCTs, and the other study [12] was
not an RCT and did not mention a study period.
We also analyzed the population data: one
study [16] was from the Instituto Nacional de
Cancerologı́a (INCAN) in Mexico, one study
was from nine hospitals in China, one study
[17] was from patients in the INCAN database,
and one study [12] was from the NHIRD. All
three studies were published in English.

Main Outcome Analysis

Pooled Analysis of PFS
The results of the present investigation
demonstrated that PFS data were available for
all included studies, enabling analysis of a total
of 1996 patients. There was little heterogeneity
among all eligible studies (I2 = 49.9%,
P = 0.136). Therefore, the HRs and 95% CIs for
PFS were determined with a fixed-effects model.
Compared with that of EGFR-TKIs, the PFS of
MET-EGFR-TKIs was longer (HR 0.84; 95% CI
0.75–0.95; P = 0.004), and the difference was
statistically significant (Fig. 2A).

Pooled Analysis of OS
All included studies contained OS data,
enabling analysis of a total of 1996 patients. A
fixed-effect model was used for the 1996
patients. The fixed-effect model implied that
the studies were heterogeneous, so a random-
effect model was selected (I2 = 66.9%,
P = 0.058). Compared with that EGFR-TKIs, the
OS of MET-EGFR-TKIs was extended (HR 0.77;
95% CI 0.50–1.04; P\0.001), and the differ-
ence was statistically significant (Fig. 2B).

Pooled Analysis of ORR
ORRs for tumors were obtained from all eligible
studies, enabling analysis of 341 participants.
Heterogeneity between studies was detected
with the fixed-effect model, so a random-effect
model was used to collect ORR data (I2 = 62.0%,
P = 0.105). The ORR of the combined treatment
group was 68.1% (113/166), while that of the
monotherapy group was 61.7% (108/175). Fur-
ther analysis showed that MET-EGFR-TKIs
improved the ORR in patients compared with
EGFR-TKI monotherapy (OR 1.38; 95% CI
0.66–2.88; P = 0. 105), but the difference was
not statistically significant (Fig. 2C).

Pooled Analysis of DCR
A total of 341 patients were eligible for the
study. According to the forest map, there was
no heterogeneity in the two studies when the
OR of DCR was pooled using the fixed-effect
model (I2 = 0.0%, P = 0.356). The DCR in the
combination treatment group was 98.2% (163/

bFig. 2 Fixed-effects model analysis of PFS and DCR and
random-effects model analysis of OS and ORR. A Forest
plot of the effect of treatment on PFS. B Forest plot of the
effect of treatment on OS. C Forest plot of the effect of
treatment on the ORR. D Forest plot of the effect of
treatment on the DCR. CI confidence interval, HR hazard
ratio, OS overall survival, PFS progression-free survival, OR
odds ratio, ORR overall response rate, DCR disease control
rate
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166), and that in the EGFR-TKI group was 95.4%
(167/175). The forest map further showed that
combination therapy improved the DCR (OR
2.61, 95% CI 0.68–9.95, P = 0.160) compared
with monotherapy, but the difference was not
statistically significant (Fig. 2D).

Sensitivity Analysis and Subgroup
Analysis

There was no heterogeneity in the HR of PFS or
the OR of the DCR, and there were few included
studies, so no sensitivity analysis was con-
ducted. Since there was no heterogeneity
between the studies in terms of the PFS and
DCR indexes and only two studies were inclu-
ded in the ORR analysis, only OS was evaluated
in terms of age, region, tumor stage, type of
EGFR-TKI in the experimental group and type of

study. As shown in the forest map, stratified
analysis revealed an increase in OS after com-
bination treatment (HR 0.85; 95% CI 0.77–0.95;
P\ 0.001), and no heterogeneity was found in
the intragroup analysis (I2 = 40.3%, P = 0.187).
In the analysis of each group, it was found that
the OS value from combination treatment
increased in groups with the following charac-
teristics: age C 65 years, region other than Asia,
unclear tumor stage and non-RCT design.
However, the experimental group was catego-
rized by EGFR-TKI type, and no significant dif-
ferences were found in the subgroup analyses.
As such, age, study type, tumor stage, and study
region are also points for further exploration
(Fig. 3).

Additionally, since the experimental group
receiving MET-EGFR-TKIs included patients
with NSCLC with or without T2DM, further
subgroup analysis for OS was performed for the
experimental group. As seen in the forest map,
there was no heterogeneity in the intragroup
analyses (I2 = 40.3%, P = 0.187). Compared
with patients with NSCLC, patients with NSCLC
and T2DM were more likely to see a benefit

bFig. 3 Forest plot of the effect of treatment on OS in
subgroups of patients categorized according to clinical
characteristics. CI confidence interval, HR hazard ratio

Fig. 4 Subgroup analysis of the effect of treatment on the OS based on patient clinical characteristics. CI confidence
interval, HR hazard ratio
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from MET-EGFR-TKIs (HR 0.84; 95% CI
0.74–0.95; P\0.005), which may be related to
them having diabetes (Fig. 4).

Publication Bias

There was no evidence of publication bias for
PFS (Begg’s test: P = 1.000; Egger’s test: P = 0.43)
or OS (Begg’s test: P = 1.000; Egger’s test:
P = 0.999) (Figs. S1 and S2, Tables S1 and S2).
Since there were only two studies included in
the ORR and DCR analyses, no publication bias
analysis was conducted.

DISCUSSION

Targeted therapy for NSCLC, especially the
application of MET-EGFR-TKIs, has attracted
increasing attention. The purpose of this meta-
analysis was to determine the efficacy of MET-
EGFR-TKIs in the treatment of patients with
NSCLC with or without T2DM. In this study,
the combination therapy reduced the risk of
disease progression by 16% and the risk of OS by
20% compared to EGFR-TKI monotherapy.

A review of the literature identified two
studies [12, 17], and the combination treatment
prolonged the survival of lung cancer patients;
one study [16] showed that monotherapy with
EGFR-TKIs showed greater benefit and a lower
occurrence of adverse events than the combi-
nation therapy. However, according to the
results of the meta-analysis, the combination
treatment group had better PFS than the
monotherapy group (HR 0.84; 95% CI
0.75–0.95; P = 0.004); therefore, in general, the
combination therapy was superior to
monotherapy in terms of prolonging the PFS of
NSCLC patients. The treatment results regard-
ing disease progression were also surprising,
showing that OS (HR 0.77; 95% CI 0.50–1.04;
P\ 0.001) was significantly longer in patients
receiving combination therapy than in patients
receiving EGFR-TKIs. Previous studies have
shown that the median OS in patients receiving
MET-EGFR-TKIs is 31.7 months (95% CI 20.5–-
42.8 months), compared to 17.5 months (95%
CI 11.4–23.7 months) in patients receiving
EGFR-TKIs17. However, in the Li et al. [16]

study, a slight difference between the combi-
nation therapy and the monotherapy groups
was observed. Subgroup analysis showed that
OS increased after combination treatment (HR
0.85; 95% CI 0.77–0.95; P\ 0.001), and intra-
group analysis found no heterogeneity
(I2 = 40.3%, P = 0.187). In the analysis of each
group, it was found that age, region, tissue
stage, study type, and combination treatment
were related to OS. Therefore, further studies are
needed to determine the efficacies of combina-
tion treatment and monotherapy in terms of OS
for NSCLC patients with and without T2DM.
Additionally, a subgroup analysis found that
MET-EGFR-TKIs was more likely to produce an
OS benefit in NSCLC with T2DM than in
NSCLC without T2DM (HR 0.84; 95% CI
0.74–0.95; P = 0.005), which may be related to
the fact that the patients had diabetes. Due to
the small number of studies that were included,
larger studies and further clinical trials will be
conducted to confirm our findings.

This meta-analysis also identified experi-
mental evidence for therapeutic response.

Though the ORR (OR 1.38; 95% CI
0.66–2.88; P = 0.105) and DCR (OR 2.61, 95%
CI 0.68–9.95, P = 0.160) were improved, there
was no statistical significance. Only two exper-
iments reported relevant data that could be
used in the analyses. The main reason is that
there are too few studies on MET-EGFR-TKIs
available. Due to the insufficient relevant
information reported in the studies included in
this meta-analysis, subgroup analysis of ORR
and DCR was not conducted. This deficit will no
doubt need to be carefully studied in the future,
but there were some direct and reliable conclu-
sions from this research that may benefit MET-
EGFR-TKIs treatment of NSCLC.

This meta-analysis has several advantages.
First, direct evidence, which is more reliable
than indirect evidence, of the effectiveness of
MET-EGFR-TKIs was summarized. Second, this
meta-analysis generated a large and compre-
hensive dataset, enabling the generation of
accurate estimates and the performance of
group analyses based on important factors.
Importantly, there was no evidence of publica-
tion bias. Third, interstudy statistical
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heterogeneity was not significant in most of the
major meta-analyses.

Limitations

This meta-analysis also had many shortcom-
ings, mainly regarding the following aspects.
First, not all the studies in this meta-analysis
were RCTs, and not all RCTs were double-blin-
ded. Second, EGFR-TKIs include gefitinib, erlo-
tinib, afatinib, icotinib, and dacomitinib. In one
study [16], the only EGFR-TKIs used in the
intervention group was gefitinib, while the
other two studies [12, 17] included at least two
EGFR-TKIs, which might also affect the validity
of the data. Fourth, there was a large discrep-
ancy between drug withdrawal times and fol-
low-up times between the studies. One study
[17] had a higher discontinuation rate (23.3%)
and a shorter follow-up time than the other
studies. The median follow-up time of the other
two studies was over 19 months. Fifth, one of
the three studies had unclear information
regarding pathological stage, smoking status,
and genetic factors. Sixth, this study had two
target populations: NSCLC patients with T2DM
and NSCLC patients without T2DM. Last but
not least, the number of studies on MET-EGFR-
TKIs and monotherapy was very limited, which
made it impossible for us to draw clear conclu-
sions about the relative efficacy of metformin in
certain situations.

MET-EGFR-TKIs in the treatment of NSCLC
has only been discovered in recent years, and a
large number of studies are currently underway.
At this time, a phase II open-label study [24] is
being conducted using metformin in combina-
tion with erlotinib in approximately 60 patients
to determine the maximum tolerated dose of
both agents and the time until disease progres-
sion. Our results suggest that MET-EGFR-TKIs
may be a new treatment regimen for NSCLC
that is worthy of further study. Overall, the
meta-analysis showed that MET-EGFR-TKIs was
superior to monotherapy.

CONCLUSIONS

MET-EGFR-TKIs provided PFS and OS benefits to
patients, and OS subgroup analysis showed that
NSCLC combined with T2DM gained more
benefits than NSCLC patients without T2DM.
However, there is still a need for further large-
scale, well-designed RCTs to confirm our
findings.
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