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INTRODUCTION

Lung cancer, one of the most commonly occurring
malignancies, remains the leading cause of
cancer-related mortality worldwide.l"l According to
the statistics, an estimated 2.3 million individuals
were diagnosed with cancer globally, with lung cancer
accounting for approximately 11.4% of all cases.
Approximately 1.8 million people die from lung cancer
every year, representing 18% of all cancer-related deaths
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worldwide.”! Nonsmall cell lung cancer (NSCLC) is
the most common pathological type of lung cancer,
including adenocarcinoma, large cell carcinoma and
squamous cell carcinoma, accounting for more than
85% of lung cancer.l'* Despite some progress that
has been achieved in the treatment of lung cancer in
the past decades, the 5-year survival rate of patients
remains low, and drug resistance contributes to poor
prognosis.!"* Therefore, multidisciplinary cooperation
is essential for the optimal treatment of patients with
advanced NSCLC.P!

This is an open access journal, and articles are
distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which
allows others to remix, tweak, and build upon the work
non-commercially, as long as appropriate credit is given and
the new creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints @wolterskluwer.com

Address for correspondence: Chief Pharmacist Ruixiang Chen, Department of Pharmacy, The Third People’s Hospital of Yunnan, Kunming 650011,
Yunnan Province, China.

E-mail: 315326241 @qg.com
Submitted: 12-Nov-2022; Revised: 06-Mar-2023; Accepted: 19-Mar-2023; Published: 29-May-2023

| 2023 |

© 2023 Journal of Research in Medical Sciences | Published by Wolters Kluwer - Medknow 166



Duan, et al.: Metformin adjunctive therapy for non-diabetic NSCLC patients

Metformin is a biguanide organic compound, the most
commonly used first-line prescription drug for treating
type 2 diabetes mellitus, especially for obese patients. In
recent years, many studies have shown that metformin
has potential anticancer properties,'**! leading to improved
overall survival (OS) or decreased mortality rates in
patients with various solid tumors, including liver cancer,
pancreatic cancer, breast cancer, cervical cancer, prostate
cancer and colorectal, cancer when addition to standard
treatment. Although metformin has been identified as a
useful adjunctive therapy for lung cancer patients with
diabetes, 112l there is a lack of research on its effects in
nondiabetic patients, and most studies to date have been
retrospective. Some clinical studies have suggested that
metformin combined with other anticancer treatments
has a synergistic effect,**l while others have produced
conflicting results.'>!”! Therefore, the effect of metformin
on the prognosis of nondiabetic patients with advanced
lung cancer is controversial, and it is necessary to conduct
ameta-analysis to confirm its efficacy further. Based on this,
we aim to study the relationship between the application
of metformin adjunctive therapy and the prognosis of
nondiabetic patients with lung cancer.

METHODS

This meta-analysis adheres to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses guidelines
and checklist. The study protocol was registered in the
International Prospective Register of Systematic Reviews
database with registration number CRD42022367968.

Inclusion and exclusion criteria

The following inclusion criteria were used to select papers for
the meta-analysis: (1) randomized controlled trials (RCTs)
that reported disease control rate (DCR), progression-free
survival (PFS), OS, objective response rate (ORR), and
1-year PFS rate were included in this study; (2) full-text
available; (3) papers written in English or Chinese; (4)
original papers; (5) publication date from January 2017
to August 2022. Exclusion criteria included:(1) papers not
written in English or not available as full-text; (2) studies
that reported on nonoriginal data like duplicate studies,
case reports, meta, and review papers; (3) animal studies; (4)
non-RCTs; (5) diabetic patients. This meta-analysis included
the most recently published papers if multiple papers were
from the same study and reported the same or overlapping
outcomes.

Study design

Phase II or III RCT investigating the efficacy of metformin
adjunctive therapy in nondiabetic patients with advanced
NSCLC has been published globally and is limited to the
English or Chinese language.
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Patients

Patients with pathologically or cytologically confirmed
inoperable or advanced (stage III or IV or recurrent)
NSCLC, age 18 years old, nondiabetic patients, and Eastern
Cooperative Oncology Group performance status (ECOG
PS) score was 0 or 1, regardless of gender, region, and
ethnicity.

Interventions
Control group: Standard antineoplastic agents alone.

Experimental group: Metformin adjunctive therapy
(traditional chemotherapy drugs, epidermal growth
factor receptor tyrosine kinase inhibitors [EGFR-TKIs],
antiangiogenic drugs or chemoradiotherapy).

Outcomes

The included study indicators included PFS, OS, ORR,
DCR, and 1-year PFS rate. PFS refers to the duration from
the beginning of receiving metformin (MM) combined
with anti-tumor drugs to the first disease progression,
which could include local recurrence, distant metastasis,
deterioration of symptoms, death from any cause, or the
last follow-up. OS pertains to the duration from receiving
metformin combined with anti-tumor drugs to death for any
reason or the last follow-up. ORR denotes the proportion
of patients whose tumors showed a significant reduction
in size after drug treatment, encompassing complete and
partial remission. DCR relates to the proportion of patients
whose tumors have shrunk or stabilized and remained for
a certain period of time, including cases with complete
remission, partial remission, and stabilization.

Data sources and search strategy

For RCT clinical studies on metformin adjunctive therapy
in nondiabetic patients with advanced NSCLC, EMBASE,
PubMed, Cochrane Library, and Scopus databases were
comprehensively searched from January 2017 to August
2022. The search strategies typically used a combination of
terms from medical subject headings and free-text keywords,
which were as follows: Metformin, NSCLC, and randomized.
Meanwhile, RCTs related to metformin adjunctive therapy in
nondiabetic patients with advanced NSCLC were manually
searched to reduce the incidence of bias.

Data extraction and quality assessment

First of all, 1 researcher (Duan) imported the retrieved
documents into Noteexpress software. Duplications
were first eliminated using the software of Noteexpress.
Subsequently, 2 researchers (Duan and Liao) independently
screened the titles, abstract and full text to identify
potentially relevant papers. In case of any disagreement
over the eligibility for any study between the two reviewers,
all these dissensions were thoroughly discussed, and
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a full-text assessment was conducted accordingly. 2
investigators (Duan and Liao) independently extracted the
following data from each eligible study in a standardized
Microsoft Excel sheet, including the last name of the first
author, year of publication, gender, study design, clinical
trial number, age, gender, clinical trial stage, ECOGPS
score, intervention measures, outcome indicators (PFS,
OS, ORR, DCR, and 1-year PFS rate). The Cochrane risk
bias assessment tool was used to assess the bias risk of
RCT, including random sequence generation (selection
bias), allocation concealment (selection bias), blinding of
investigators and subjects (implementation bias), blinded
evaluation of study outcomes (measurement bias), the
integrity of outcome data (follow-up bias), selective
reporting of study results (reporting bias) and other
sources (other bias). Green represents low risk, yellow
represents unclear risk, and red represents high risk.

Statistical analysis

Meta-analysis was conducted with Rev Man5.3. Heterogeneity
was statistically evaluated by I? value, the fixed-effect model
was applied for analysis if trials were homogeneous (I* < 50%
and P > 0.1), and the random-effect model was applied
for the meta-analysis if statistical heterogeneity was
identified (I> > 50% and P < 0.1); P value < 0.05 was
considered statistically significant unless otherwise noted.
For dichotomous data, pooled outcomes were presented as
odds ratio (OR) and 95% confidence interval (CI), while OS
and PFS were expressed as hazard ratio (HR) and 95% CI
for analysis. The subgroups of PFS and OS were analyzed
according to the tumor treatment plan. When the number of
included literature (n) 210, the comparison-corrected funnel
plot was used to test for publication bias. Sensitivity analysis
was performed by sequential omission of each study to
examine the robustness of the pooled results.

RESULTS

Study selection
The study initially identified 341 articles, which included
27 studies from PubMed, 125 from Embase, 145 from the

Cochrane Library, 23 from the Scopus database, and 21 from
the CNKI database, respectively. After screening the titles
and abstracts, 325 articles were further excluded, resulting
in a full review of 209 articles. After the strict inclusion
and exclusion screening, 8 studies were selected for the
systematic review. Figure 1 illustrates the flow diagram of
the search strategy and study selection.

Characteristics of included studies

Eight studies were conducted in 2018-2021, with a total
of 925 participants. There were 3 studies from China, 1
study from Mexico, 1 study from Korea, 1 study from
Canada, 1 study from three countries (US, Canada or
Israel) and 1 study from US. Among the included studies,
3 studies focused on subjects receiving metformin with
chemoradiotherapy, 2 studies focused on EGFR-TKIs, and
3 studies focused on chemotherapy. Among them, 7 studies
reported OS,['™24 6 studies reported PFS,!"#2022241 3 studies
reported ORR,?"#! 3 studies reported DCR,!"¥%%! and 6
studies reported 1-year PFS rate.'***1 A summary of study
information is provided in Table 1.

Quality assessment

Five studies reported random sequence
generation.'82021241 3 studies provided information on
allocation concealment.?°2!241 2 studies used blind methods
for subjects and researchers,*! and 2 studies used blind
methods for outcome evaluation.®®! 7 studies had a low
bias of complete data,"®*?"*! and 6 trials had a low risk
of other biases.'$2022 A]l studies had no selective report
bias. Risk assessment results revealed that one study had
a low risk, one study had an unclear risk, and six studies
had a high risk of bias. The quality assessment of 8 RCTs is
presented in Figure 2.

Meta-analysis

Progression-free survival

Six studies!'®202224 reported the HR value of PFS in
nondiabetic patients with lung cancer. The heterogeneity
test showed that I> = 71%, P = 0.004. Therefore, the random
effect model was used, showing that the difference was

Table 1: Baseline characteristics of included studies for systematic review and meta-analysis

Author, year Study design Clinical Trials Study region Gender (M/F) Age (years) Treatment strategy = Outcome
Arrieta 2019 RCT NCT03071705 Mexico 47/86 59.4 MM+EGFR-TKI 0]alo)]
Tsakiridis RCT NCT02115464 Canada 24/30 65.6 MM+Chemoradiotherapy ©@®
2021

Skinner 2021 RCT NCT02186847 US, Canada, and Israel 97/70 64 MM-+Chemoradiotherapy (ole)
Guo 2020 RCT NR China 82/38 NR MM+Chemoradiotherapy (06

Li 2020 RCT ChiCTR-ONN-17014156 China 41/19 57 MM+Chemotherapy ®
Lee 2020 RCT KCT0005210 Korea 139/25 64 MM+Chemotherapy (0]e]6)]
Li 2019 RCT NCT01864681 China 83/119 59.6 MM+EGFR-TKI OQB®G
Marrone 2018 RCT NCT01578551 us 9/16 61 MM+Chemotherapy+AAs ©Q@®

©®=08; @=PFS; ®=0RR; @®=1-year progression-free survival rate; ®=DCR. RCT = Randomized controlled trial; EGFR-TKI = Epidermal growth factor receptor—tyrosine kinase
inhibitors; MM = Metformin; AAs = Antiangiogenic drugs; NR = Not reported; PFS = Progression-free survival; OS = Overall survival; ORR = Objective response rate; DCR = Disease

control rate
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Studies identified through database searching(n=320)

PubMed (n=27), Embase (n=125), Cochrane Library
(n=145), Scopus database(n=23)

Other records add through other

resources (n=21)

removed

325 records after 16 duplicates

i

Record screened (n=325)

Full-text articles screened for
eligibility (n=209)

—»l Excluded (n=116): title and abstract |

Inappropriate interventions (n=34)
Review or meta articles (n= 148)

Studies included in qualitative Not English or Chinese articles (n=0)
synthesis (n=8) Not available as full-text (n=8)

Animal articles (n=5)

(0=8)

Studies included in qualitative Case reports (n=6)
synthesis (meta-analysis)

Figure 1: Flow chart of literature screening
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Figure 2: Bias risk assessment of the included randomized controlled trials

not statistically significant (HR = 0.95, 95% CI: 0.66-1.36,
P =0.77, n = 6). Metformin adjunctive therapy did not
significantly affect the PFS of nondiabetic patients with
advanced NSCLC, as shown in Figure 3.

Overall survival

A total of 7 studies!®*%24 reported the HR value of OS in
nondiabetic patients with lung cancer. The heterogeneity
test showed that I’ = 70%, P = 0.003. Thus, a random-effects
was used for meta-analysis and the result demonstrated
that metformin adjunctive therapy did not significantly
improve OS in nondiabetic patients with advanced
NSCLC (HR = 0.89, 95% CI: 0.61-1.30, P = 0.55, n = 7), as
illustrated in Figure 4.

Objective response rate

Three studies™#! reported ORR in nondiabetic patients with
lung cancer, comprising 231 and 246 cases in the metformin
adjunctive therapy group and control group, respectively.
The heterogeneity test showed that I = 53%, P =0.12. Thus,
a random effect model was employed, showing that the

difference was not statistically significant (OR = 1.37, 95%
CI: 0.76-2.46, P = 0.30, n = 3). Metformin adjunctive therapy
could not enhance the ORR of nondiabetic patients with
advanced NSCLC, as depicted in Figure 5.

Disease control rate

Three studies!'®*%! reported DCR in nondiabetic patients
with lung cancer, including 196 and 205 cases in the
metformin adjunctive therapy group and control group,
respectively. The heterogeneity test showed that I = 0%,
P = 0.60. Therefore, a fixed effect model was used for
meta-analysis, which revealed that metformin adjunctive
therapy improved DCR in nondiabetic patients with
advanced NSCLC compared to the control group, with a
significant difference (OR =3.07, 95% CI:1.28-7.36, P=0.01,
n = 3), as illustrated in Figure 6.

One-year progression free survival rate

Three studies!®*#! reported a 1-year PFS rate in nondiabetic
patients with lung cancer, including a total of 202 and
208 cases in the metformin adjunctive therapy group and
control group, respectively. The heterogeneity test showed
that I = 72%, P = 0.03, indicating that a heterogeneity
between two the groups. The random effect model was used
for meta-analysis and showed that there was no significant
difference in the 1-year PFS rate (OR =0.87, 95%CI: 0.39-1.94,
P=0.73, n=3), as presented in Figure 7.

Publication bias and sensitivity analysis
The Egger’s method was not utilized to evaluate publication
bias, owing to the limited number of included studies in the
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Arrieta2019 -0.5108 0.2198 18.9%
Lee2020 0.0111 01733 211%
Li2019 0.0419 01682 21.3%
Marrone2018 -1.423 0582 71%
Skinner2021 0.1398 0.2047 19.6%
Tsakiridis2021 0.8838 0.3841 121%
Total (95% CI) 100.0%

Hazard Ratio

0.60[0.39,0.92)
1.01[0.72,1.42)
1.04[0.75,1.45)
0.24[0.08,0.79)
1.15[0.77,1.72)
242[1.14,5.14)

0.95[0.66, 1.36]

Heterogeneity: Tau®*= 0.13; Chi*=17.10, df=5 (P = 0.004); F=71%

Hazard Ratio
IV, Random, 95% CI

0.05 0.2

5 20

Testfor overall effect Z=0.29 (P = 0.77) Favours [experimental] Favours [control]
Figure 3: Forest plot for the meta-analysis on PFS of metformin adjunctive therapy
Hazard Ratio Hazard Ratio

Study or Subgrou log[Hazard Ratio SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Arrieta2019 -0.6931 02958 14.4% 0.50 [0.28,0.89] — e
Gu02019 -0.6162 0267 154% 0.54 [0.32,0.91] —=
Lee2020 -0.0539 01768 18.6% 0.95 [0.67,1.34]
Li2019 01445 0194 18.0% 1.16 [0.79, 1.69]
Marrone2018 -0.742 0519 84% 0.481[017,1.32)
Skinner2021 0.0296 0.2496 16.0% 1.03 [0.63, 1.68]
Tsakiridis2021 1.335 04777 93% 3.80[1.49,9.69] _—
Total (95% CI) 100.0% 0.89 [0.61, 1.30]
Heterogeneity: Tau?= 0.16; Chi*= 20.24, df= 6 (P = 0.003); F=70% u 0 0=1 ; 110 1001

Testfor overall effect: Z=0.59 (P = 0.55)

Favours [experimental] Favours [control]

Figure 4: Forest plot for the meta-analysis on OS of metformin adjunctive therapy

Experimental Control Odds Ratio Odds Ratio
Events Total Events Total Wi H, M-H, Random, 95% CI
Guo2019 49 60 37 60 27.8% 2.77[1.20,6.39] —l—
Lee2020 22 74 22 81 33.4% 1.13(0.56, 2.28]
Li2019 64 97 70 105 38.9% 0.97 [0.54,1.74]
Total (95% CI) 231 246 100.0% 1.37[0.76, 2.46]
Total events 135 129
Heterogeneity: Tau®= 0.14; Chi*= 4.26, df= 2 (P = 0.12); F= 53% n 0 u=1 ] 1=0 100’
Test fov.ovorall Gact &= .04 P=0.30) Favours [experimental] Favours [control]
Figure 5: Forest plot for the meta-analysis on ORR of metformin adjunctive therapy
Experimental Control Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H. Fixed. 95% Cl M-H, Fixed. 95% CI
Arrieta2019 68 69 65 70 152% 5.23(0.59, 45.99] -
Li2019 95 97 102 105 328% 1.40[0.23, 8.54) L
Li2020 24 30 16 30 520% 3.50[1.11,11.02) ——
otal ( ) X . .28, 7.
Total (95% CI; 196 205 100.0%  3.07[1.28,7.36] -
Total events 187 183
Heterogeneity: Chi*=1.01, df= 2 (P = 0.60); F= 0% t y p t
= s 0.005 0.1 10 200
Testfor overall effect. Z=2.52 (P = 0.01) Favours [experimental] Favours [control]
Figure 6: Forest plot for the meta-analysis on DCR of metformin adjunctive therapy
Experimental Control Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H.Random.95% Cl M-H, Random, 95% CI
Li2019 40 97 45 105 38.7% 0.94 [0.53,1.64]
Skinner2021 51 79 39 75 36.5% 1.68(0.88,3.21] T
Tsakiridis2021 9 26 18 28 248% 0.29(0.10, 0.90] =
Total (95% CI) 202 208 100.0% 0.87[0.39, 1.94] =
Total events 100 102
Heterogeneity: Tau®= 0.35; Chi*= 7.14, df= 2 (P = 0.03); F= 72% n o u=1 1=0 100’
Test forovoralliactZ =034 P=0.73) Favours [experimental] Favours [control]

Figure 7: Forest plot for the meta-analysis on the 1-year PFS rate of metformin adjunctive therapy

analyzed outcome indicators, which was less than ten. The
fixed/random effect model was implemented to reassess
the combined effect amount. The findings indicated that the
results of this study were relatively stable, as demonstrated
in Table 2.
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DISCUSSION

This systematic review and meta-analysis evaluated
the combined efficacy of metformin adjunctive therapy
in nondiabetic patients with lung cancer. The pooled
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Table 2: The result of sensitivity analysis (OS)

Indicators n Heterogeneity OR (HR) P
P P (95%Cl)
PFS
RE 6 0.004 71% 0.95[0.66, 1.36] 0.77
FE 0.004 71% 0.97[0.81, 1.16]  0.75
0Ss
RE 7 0.003 70% 0.89[0.61, 1.30] 0.55
FE 0.003 70% 0.90[0.75, 1.09] 0.30
ORR
RE 3 0.12 53% 1.37[0.76, 2.46] 0.30
FE 0.12 53% 1.30[0.88, 1.92] 0.19
DCR
RE 3 0.60 0% 3.00[1.24, 7.28] 0.01
FE 0.60 0% 3.07[1.28, 7.36]  0.01
One-PFS rate
RE 3 0.03 72% 0.87[0.39, 1.94] 0.73
FE 0.03 72% 1.00[0.68, 1.48]  1.00

PFS=Progression-free survival; OS=Overall survival; ORR=0bjective response rate;
DCR=Disease control rate; Cl=Confidence interval; OR=0dd ratio; HR=Hazard ratio;
RE= Random-effect model; FE= Fixed-effect model

analysis results demonstrated that metformin combined
with anti-cancer drugs might improve DCR compared
with standard antineoplastic, but there was no significant
improvement in PFS, OS, ORR or 1-year PFS rate.

Lung cancer is a prevalent public health concern, primarily
contributing to be a primary contributor to cancer-related
mortalities worldwide. Despite advancements in medical
research and healthcare practices, lung cancer remains a
significant burden on global health systems and a pressing
issue in cancer epidemiology. The clinical manifestations of
lung cancer are multifaceted but frequently lacks specificity,
leading to diagnostic delays. Consequently, a large number
of patients are diagnosed at an advanced stage, which
markedly reduces their chances of survival. Specifically, the
5-year survival rate of NSCLC patients is remarkably low.
The guidelines advocate for an approach to treating lung
cancer that involves combining multidisciplinary therapy
with tailored treatment plans for each patient.”® Numerous
investigations have highlighted the lung as a primary site
of affliction in individuals with diabetes mellitus.® ! In the
past decade, renewed interest has been generated regarding
the therapeutic re-purposing of metformin as an adjunct to
conventional anticancer therapies, particularly in the setting
of drug-resistant malignancies.

Metformin, a widely used biguanide anti-diabetic agent,
has been the subject of epidemiological research, which
has revealed a reduced incidence of cancer among
individuals with diabetes who receive metformin therapy.
Furthermore, preclinical data suggest that metformin
may harbor intrinsic antineoplastic properties.?*-32
Recently, several meta-analyses have demonstrated that
the addition of metformin to anti-tumor therapies
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confers a survival advantage in NSCLC patients with
diabetes.'"*! Nonetheless, the efficacy of metformin in
nondiabetic NSCLC patients remains unclear. In the present
meta-analysis, we exclusively evaluated NSCLC patients
without diabetes who received metformin in conjunction
with antineoplastic agents for advanced-stage disease.
Our results indicate that the adjunctive administration
of metformin solely confers a favorable impact on DCR
without significantly enhancing overall survival outcomes.

To the best of our knowledge, the prevailing understanding
suggests that metformin exerts its therapeutic effects in
individuals with diabetes mellitus by modulating cellular
energy metabolism and curtailing hepatic gluconeogenesis
through adenylate-activated protein kinase (AMPK)
signaling.'** Moreover, in vitro and in vivo experiments
have also confirmed that metformin effectively inhibits
the proliferation of lung cancer cells and triggers apoptotic
cell death, although the underlying mechanisms behind
its anticancer properties are multifaceted. The anticancer
activity of metformin is believed to be mediated via various
pathways, including the AMPK/LKB1/mTOR signaling
axis, nuclear factor erythroid 2-related factor 2 (NRF2)
pathway, ! the miR-381-YAP-Snail signaling cascade,
LncRNA-H19,57381 the AMPK-CEBPB-PDLI1 axis,® and
others. AMPK serves as an essential modulator of cellular
energy homeostasis, and its activity is known to impede cell
growth by inhibiting the mammalian target of rapamycin
signaling cascade. Specifically, the suppression of mTOR
via AMPK activity results in the blockade of the PI3K/PKB/
AKT pathway and diminished activation of downstream
effectors, such as eukaryotic promoter 4E binding protein 1
and ribosomal protein S6 kinase."”! Furthermore, mTOR is
a critical regulator of cellular proliferation and growth, and
research has highlighted that dysregulated mTOR signaling
is intimately linked to cell proliferation. Multiple studies
have suggested that metformin can facilitate the activation
of AMPK’s upstream kinase, LKB1, resulting in heightened
AMP/ATP ratios and consequent AMPK activation.
AMPK activity can impede the mTOR signaling pathway,
ultimately suppressing tumor cell proliferation.**! With
the shift in the therapeutic focus of NSCLC towards immune
checkpoint inhibition, it is imperative to investigate the
interaction between metformin and the immune system.
In murine models, metformin was found to directly affect
CD-81 T cells, which prevented apoptosis of CD81 TILs in
the tumor microenvironment, independent of programmed
cell death protein 1 (PD-1) and TIM-3 expression.[*! Thus,
additional investigations on the potential synergistic effects
of checkpoint blockade, with or without chemotherapy, are
warranted.

A recent meta-analysis of 24,178 participants from 27 eligible
studies showed that metformin is a useful adjuvant drug
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for improving survival in patients with early colorectal and
prostate cancer.”! In addition, there is population-based
evidence that metformin requires long-term use to exert
its anticancer effects.*! Several important considerations
must be considered when evaluating the role of metformin
in the treatment of NSCLC. Firstly, the high recurrence and
metastasis rates of NSCLC are closely related to the degree
of tumor differentiation, thereby impacting treatment
outcomes. Secondly, only patients who commenced
metformin early or before their NSCLC diagnosis showed
improved outcomes.”] Thirdly, some studies included
patients with advanced disease who had not previously
received metformin.* Given the potential time-dependent
effects of metformin exposure, patients may exhibit
different responses depending on the duration of metformin
exposure. Furthermore, the dose of metformin may not be
high enough to be effective, as the antiproliferative effects
of metformin are dose-dependent in vitro. Clinical data
from patients with pancreatic cancer suggest that survival
benefits are only achieved with high plasma metformin
concentrations (>1 mg/L).’**! However, the option of
further increasing the dose of metformin is not feasible due
to the higher incidence of metformin-induced diarrhea.
Moreover, besides metformin exposure, some patients may
possess a defect in the LKB1 gene, which encodes a tumor
suppressor required for the activation of AMP-activated
protein kinase (AMPK) (via AMPK phosphorylation at
the Thr172 site), a vital step in the anticancer mechanism
of metformin.B®*! Such mutations in LKB1 can lead
to the loss of AMPK function, thereby compromising
the effectiveness of metformin in these patients. In the
Chinese population, LKB1 was previously shown to be
mutated in 10.5% of patients with the EGFR mutation and
lung adenocarcinoma.®” The potential impact of LKB1
inactivation on the metformin-induced enhancement of
AMPK-dependent inhibition of proto-oncogenic pathways
cannot be disregarded. Furthermore, it is plausible that
the anti-tumor effects of metformin could be partially
obscured in nondiabetic patients with high levels of
AMPK phosphorylation, which are influenced by glucose
levels.PY Finally, the limited sample size and absence of
random stratification based on smoking status, EGFR
mutant subtype, LKB1 status, or other genetic factors may
have contributed to the study’s findings. As a result, we
need to be careful about interpreting the results. Overall,
the findings of this study may offer novel insights for the
adjuvant treatment of patients with advanced NSCLC who
do not have diabetes and are treated with metformin in
combination with antineoplastic agents.

Limitations

This systematic review and meta-analysis also has several
limitations. Firstly, subgroup analysis on DCR based on
tumor treatment strategy, the dose of MM treatment, and
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the time was not feasible, owing to the limited number
of included studies. However, the sensitivity analysis
demonstrated that the results were stable. Secondly,
some patients may have received other treatments prior
to the study, and the insufficient sample size, patient
characteristics, lack of information on metformin exposure
time and dose, and insufficient control of confounding
factors may have affected the results. Thirdly, some of the
included studies lacked double-blind and placebo control.
Finally, the language was restricted to Chinese or English,
which may have resulted in incomplete data retrieval,
potentially affecting the study’s outcomes.

CONCLUSION

In nondiabetic patients with advanced NSCLC, metformin
combined with antineoplastic drugs has been shown to
improve DCR, but no improvement in long-term prognosis
has been observed. In addition, the optimal dosage and
treatment time of metformin remain unclear and require
further investigation. A multi-center, large, high-quality,
larger double-blind with more rigorous study designs are
still needed.
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