
Metformin plus radiotherapy effect on diabetic 
patients with Non-small-cell lung carcinoma: an 

updated systematic review and meta-analysis 

INTRODUCTION 

Lung cancer in developing countries has the 
most leading death rate among cancers (about 
one-third of all cancers) and about one million 
people die each year due to this disease (1,2). 
There are two main types of lung cancer are 
Small-cell carcinoma (SCLC) and Non-small-cell 
lung carcinoma (NSCLC), in which NSCLC has 

rated the most common type of lung cancers (3,4). 
The average survival of NSCLC patients is only 
about 4 to 5 months (5). NSCLC patients undergo 
radiotherapy along with chemotherapy,                     
although these therapies may not produce the 
desired therapeutic response (6). Diabetes               
mellitus is one of the most common                          
comorbidities in patients with lung cancer (7). 
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ABSTRACT 

Background: Non-small-cell lung carcinoma (NSCLC) as the most common 
type of lung cancer has the most leading mortality rate among other cancers. 
Diabetes mellitus is one of the most common comorbidities of this disease. 
Metformin is a conventional anti-diabetic drug that is evaluated in various 
studies as an anti-cancer agent. This study was an updated systematic review 
and meta-analysis evaluating the effect of metformin on NSCLC. Materials and 
Methods: A systematic search was conducted through PubMed/Medline, 
EMBASE, and Cochrane library databases and all retrospective studies with 
the title the effect of metformin on the non-small cell lung cancer were 
collected. Statistical analyses were carried out using either random-effects or 
fixed-effects models according to the heterogeneity examined by I2 statistics 
and assessing Hazard Ratio of overall survival (OS) using Revman version 5 
software. Result: Fourteen studies involving 3164 patients were included in 
the current meta-analysis. The pooled hazard ratio (HR) of comparison of 
overall survival (OS) between metformin user diabetic patients and diabetic 
patients without a history of using metformin was 0.87 (95 % CI 0.74–1.02; P 
= 0.08). Sub-group analysis showed that when studies were divided by region 
the HR of OS for Asia was 0.77 (95 % CI 0.65–0.90; P = 0.001), 1.11 (95 % CI 
0.72–1.71; P = 0.64) for USA, and 0.86 (95 % CI 0.57–1.30; P = 0.47) for 
Europe. Conclusion: The use of metformin beside radiotherapy in patients 
with type 2 diabetes may be associated with a good prognosis. While this 
impact was just significantly seen in Asian studies.  
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is less common than other oral diabetes drugs, 
while is considered as first-line treatment in 
type 2 diabetic patients (8,9). Metformin is                 
extracted from a French plant called lilac, (the 
scientific name: Galega officinalis), which was 
first introduced in the medical textbooks of the 
seventeenth century onward, as a cure for              
symptoms now known as diabetes (10,11). If               
administered following the guidelines, it is easily 
tolerated by patients because of its great efficacy 
in many clinical conditions and it’s low toxicity 
(12). Since the association of metformin with             
cancer was first reported by Evans et al. (13), A 
study by Wink et al. In 682 patients with                
non-small cell lung cancer found that metformin 
use along with chemotherapy increased the             
survival rate of patients (14). Xu et al., in a study 
of 76 patients with small cell lung cancer and 
type 2 diabetes, showed that metformin could be 
considered an anticancer drug (15). 

 Lin et al., conducted a study of 750 patients 
with stage 4 non-small cell lung cancer who also 
had type 2 diabetes, found that metformin has 
anti-cancer effects even in the late stages of            
cancer (16). While, In a case-control study            
conducted by Bodmer et al based on the General 
Practice Research Database (GPRD), metformin 
use was not associated with a reduced risk of 
lung cancer (18).  

As there are many studies concerning the 
metformin prescription in diabetic patients or 
non-diabetics along with the routine                       
radiotherapy and chemotherapy regimens of 
NSCLC treatment, and due to the controversies 
among those studies, this study aimed to review 
the impact of metformin therapy in NSCLC                
patients undergoing radiotherapy.  
 
 

MATERIALS AND METHODS 
 

Study design 
The present systematic review and                     

meta-analysis study was conducted based on the 
Systematic Studies and Meta-Analysis Reporting 
System (PRISMA) statement with the aim of 
evaluating metformin plus radiotherapy effect 
on a diabetic patient with Non-small-cell lung 
carcinoma.  

772 

Search strategy 
The present study was conducted in several 

stages of precise determination of study,                 
collecting, analyzing, and interpreting the               
findings. Published articles in English about the 
metformin therapy in NSCLC were collected, 
searching the science direct, PubMed, EMBASE, 
and Cochrane library databases with keywords 
of “Non-small-cell lung carcinoma”, “Metformin’, 
“Radiotherapy”, and ‘diabetic” by two                    
independent researchers.  All relevant articles 
published by 1990- 2020 were extracted.  

 
Inclusion criteria  

Initially, all retrospective studies with the 
title the effect of metformin on the non-small cell 
lung cancer with Type 2 diabetes mellitus were 
collected, and a list of abstracts were prepared. 
Non-relevant and duplicated studies were                 
excluded. The full text of the relevant articles 
was then provided (as shown in the flow                    
diagram in figure 1). Two researchers studied 
each article independently. In case of                        
disagreement between two researchers, the 
third author judged the article. Articles                    
reporting the HR of overall survival (OS) were 
included after the full-text review. 

 
Quality and bias assessment  

The Strengthening the Reporting of 
Observational Studies in Epidemiology 
(STROBE) checklist was used to assess study 
quality, which had 43 items. We included studies 
with a minimum score of 40 so that we did not 
need bias assessment as it was considered in the 
checklist. The criterion was set by the above  
protocol and after identifying the studies by our 
team (including supervisor group and searcher 
individual, consultant group, data extractor, and 
collector). 

 
Statistical analysis  

The variance of each study was calculated by 
the fixed-effect model. Then studies were               
combined according to random-effects models. 
Due to the heterogeneity in the studies, the            
random-effects model was used to combine the 
pooled HR. Cochran test and I2 index were used 
to evaluate the heterogeneity of the studies.  For 

Int. J. Radiat. Res., Vol. 19  No. 4, October 2021 

Zhao et al. / Metformin plus radiotherapy effect on diabetic patients 

 [
 D

O
I:

 1
0.

52
54

7/
ijr

r.
19

.4
.2

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ai
l.i

jr
r.

co
m

 o
n 

20
26

-0
4-

29
 ]

 

                               2 / 8

http://dx.doi.org/10.52547/ijrr.19.4.2
https://mail.ijrr.com/article-1-3939-en.html


Zhao et al. / Metformin plus radiotherapy effect on diabetic patients 

773 Int. J. Radiat. Res., Vol. 19  No. 4, October 2021 

this reason, it was attempted to determine the 
cause of heterogeneity by subgroup analysis. 
Data were analyzed using Revman version 5 
software (Cochrane, United Kingdom). 

 
  

RESULTS 
 

The current meta-analysis was carried out in 
accordance with the guidelines of PRISMA (26). In 
the current meta-analysis, finally, 14 studies 
were included. The characteristics of the studies 
are shown in table 1.  

In the meta-analysis of pooled Overall                
Survival of diabetic patients receiving Metformin 
vs. diabetic patients without Metformin use, 14 

studies with 7055 participants were included. 
The heterogeneity was not high (I2=71%).              
Random fixed-effect model analysis of Hazard 
ratios revealed that there was not any                      
statistically significant difference in OS (P=0.08).  

In the meta-analysis of combined Overall  
Survival of diabetic patients receiving Metformin 
vs. diabetic patients without Metformin use in 
the continents, According to the figure 3, there 
was a significant effect of metformin in the             
continent of Asia among diabetics who used 
metformin vs. those with diabetes who did not 
use metformin (p=0.001). However, there were 
no significant differences in the two continents 
of America and Europe (P>0.005). 

  

Figure 1. Flow chart showing the process of study selection. 
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Author Country years N Mean age Female Male Smoking history Reference 

Muhammad Z Afzal USA 2019 21 70.1 9 12 19 (27) 

Chuang Taiwanese 2018 2,091 71.2 830 1,261 NA (28) 

Medairos RA USA 2016 81 69 39 42 66 (29) 

Ahmed I USA 2015 166 68.5 75 91 151 (30) 

Wink KC Netherlands 2016 59 69 19 40 NA (31) 

Lin J USA 2017 259 NA 78 181 NA (32) 

Wen-Xiu X China 2018 27 NA 21 6 19 (33) 

Tan BX China 2011 39 62 8 31 NA (34) 

Dhillon USA 2014 409 68.5 237 172 37 (35) 

Xu T China 2015 79 NA 12 67 73 (36) 

Mazzone USA 2012 507 NA NA NA NA (37) 

Kong F China 2015 259 72,4 215 44 246 (38) 

Lin JJ China 2015 777 64.1 380 397 NA (39) 

Chen H, China 2015 90 NA 53 37 36 (40) 

Table 1. The baseline characteristics of each study. 

Figure 2. A meta-analysis of all the eligible studies for the hazard ratio with 95 % CI of overall survival. 

Figure 3. Sub-group analysis according to the study region (Asian, Europe, and the USA) on evaluating hazard ratio with 95 % CI of 
overall survival. 
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DISCUSSION 
 

At the clinic, NSCLC patients receive                    
radiotherapy and chemotherapy; however, it 
does not provide the desired therapeutic             
response in all cases. This study is a simple  
overview of the effect of metformin with NSCLC 
to help determine whether metformin can be 
used as adjunctive therapy with radiotherapy. 
Patients with lung cancer, despite radiotherapy 
and chemotherapy, do not survive a long time. 
Also, clinical results indicate that the side effects 
of radiotherapy treatment are largely dependent 
on the amount of absorption dose and the                  
volume of the organ exposed to radiation, today. 
Therefore, a lot of attention has been paid to  
adjacent treatment regimens to eliminate                
cancerous tumors and improve the outcome of 
treatment. Metformin is one of these candidates 
that may be used as an adjunct to radiotherapy 
and chemotherapy. 

Many recent studies have focused on the            
anticancer effect of metformin in NSCLC as a  
potential adjuvant therapy with radiotherapy. 
Our meta-analysis evaluated the effect of                
metformin on the overall survival of patients 
with type 2 diabetes mellitus and NSCLC. We 
assessed 14 articles to perform this                        
meta-analysis. The results of the data analysis 
showed that metformin did not improve the 
overall survival of patients with type 2 diabetes 
in America and Europe. However, in Asia, there 
was a significant improvement of OS in patients 
with NSCLC using metformin. This shows shreds 
of evidence of different approaches or different 
responses to metformin medication in various 
countries.   

It seems important to evaluate the anticancer 
effect of metformin as a cheap and available 
drug for people with lung cancer who also have 
diabetes. However, some inconsistencies are 
seen in the results obtained in previous studies. 
In the study of Tan et al. in china, by examining 
the records of 5 hospitalized patients with               
non-small cell lung cancer and type 2 diabetes 
who were undergoing first-line chemotherapy, 
found that metformin significantly increased 
chemotherapy efficacy (17). In a study by           
Mazzone et al. in the USA, Using electronic          

medical records from Cleveland Clinic, it was 
found that the use of metformin or                              
thiazolidinediones was associated with a                  
reduced risk of lung cancer in diabetic patients 
and increasing their response to the radiation 
therapy (20).  

Tsai et al., in a cohort study using data from 
one million Taiwanese patients with lung cancer 
and diabetes mellitus, concluded that metformin 
use in diabetic patients reduced the risk of lung 
cancer in a dose-dependent manner (21).  In a 
study by Sayed et al. on patients with stage 4 non
-small cell lung cancer who also had type 2                
diabetes showed that the combined use of            
Gemcitabine/ Cisplatin and metformin reduced 
the incidence of chemotherapy-induced nausea 
(22). In a study of 8263 diabetic patients, Kow and 
colleagues claimed that metformin had no effect 
on cancer incidence in diabetics patients (23). 

In addition, the anti-cancer effect of                      
metformin has been evaluated in other types of 
cancer. A study by Van De Voordes et al. on 196 
esophageal cancer patients with diabetes found 
that metformin is associated with improved              
survival from distant metastasis (19). Recently, 
extensive studies have been conducted on the 
association of metformin with cancer-related 
mortality (14,17,22,41). So far, some studies have  
indicated a 30 percent reduction in cancer risk in 
diabetic patients (20). The drug's ability to treat 
breast cancer has previously been evaluated (42). 
Wu et al. then showed for the first time that            
metformin inhibited the growth of lung cancer 
cells and induced cancer cell apoptosis (25). 

However, some studies have shown little            
association between metformin use and the           
severity of cancer progression. In some studies, 
the reduced risk of lung cancer associated with 
diabetes mellitus has been reported, while much 
research has rejected this hypothesis (18). 
Memmott et al. have been conducted a study of 
J/A mice on the association of metformin and 
prevention of tobacco-induced lung tumor             
genesis through inhibition of mTOR pathways 
(44,45).  

The precise molecular mechanism of the              
anticancer effect of metformin has not been            
elucidated to date, but its possible mechanisms 
are as following: First, metformin crosses the 
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cancer cell membrane as an mTOR inhibitor by 
activating the AMPK pathway and inhibiting  
cascade signaling (45,35,30). 

mTOR is a molecule that plays an important 
role in the anti-cancer effects of metformin (47). 
Metformin may act to treat many cancers that 
these signaling pathways of specific tumorigenic 
mutations are responsible (29). 

Secondly, it reduces circulating insulin levels 
by increasing cell sensitivity to insulin; this  
eliminates the growth factor that will induce  
insulin receptor expression in the tumor cell. 
These actions lead to increased levels of            
autophagy, apoptosis, cell cycle arrest, and              
reduced levels of protein synthesis, cell                
proliferation, migration, and invasion (16). In            
addition, other mechanisms have been briefly 
attributed to metformin. 

A study has shown that metformin inhibits 
lung cancer by suppressing MicroRNA222 (48). 
Suppression of MicroRNA222 results in                   
increased levels of p27, p57, and PTEN                 

molecules, and increased levels of these                  
molecules disrupt the cell cycle in tumor cells, 
and its effect in decreasing the radioresistance 
was indicated in this study (49). Of course, since 
this study was performed in vitro, it cannot be 
predicted the accuracy of this mechanism in  
biological systems. In addition, metformin               
induces immune activation and apoptosis and 
reduces growth factor signaling (46). In this way, 
it prevents the mitosis of cancer cells. Metformin 
can also inhibit solid tumors by increasing the 
number of CD8+ TIL lymphocytes and protecting 
them from apoptosis (36). It is worth noting that 
the anticancer effect of metformin is probably 
dose-dependent (30). 

Based on immunohistochemical and PCR 
studies, the anticancer effects of metformin   
with gene regulation (MMP-2) (Matrix                               
Metalloproteinase-2) have been demonstrated 
(30). However, overexpression of 2MMP is               
associated with the incidence of cancers such as 
NSCLC (50).  

Figure 4. Possible mechanisms of metformin against antitumor effects.  

Some recent studies have reported this drug 
as an anti-diabetic agent, with reports of                
increased homocysteine levels and a decrease in 
folate and vitamin B12 in patients with type 2 
diabetes mellitus after long-term use of                   
metformin (51,52). In-vitro and in-vivo studies have 
shown that metformin inhibits the proliferation 
of cancer cells (53).   

One of the limitations of this study is the fact 
that we couldn't collect studies reporting                 
metformin as an adjuvant of radiotherapy in non
-diabetic patients. All studies performed in this 
era are retrospective studies assessing diabetic 

patients' response to metformin treatment along 
with the radiotherapy. While interventional 
studies are not conducted to assess metformin 
effect on the radiotherapy outcome instead of its 
antihyperglycemic effects.  

 
 

CONCLUSION 
  
Metformin with several different mechanisms 

may lead to reduced risk or increased recovery 
of non-small cell lung cancer. However, the         
results have been somewhat contradictory 
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mostly due to differences in races. Metformin 
may be used at bedside as an adjunct to                   
radiotherapy and chemotherapy. It is suggested 
in future studies to investigate the anticancer 
use of metformin in non-diabetic patients with 
NSCLC.  
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