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Introduction
Lung cancer is one of the most common cancers, and the lead-
ing cause of cancer-related death, with 80% to 85%, was diag-
nosed as non-small cell lung cancer (NSCLC) in China.1 The 
most common mutations linked to epidermal growth factor 
receptor (EGFR) gene, with different incidence between 
Asians and Caucasians.2 Therefore, epidermal growth factor 
receptor-tyrosine kinase inhibitors (EGFR-TKIs) are consid-
ered as the first-line treatment for advanced EGFR mutation-
positive NSCLC.3-5 Moreover, the EGFR was recognized as a 
highly polymorphic and mutation-prone gene; the variants 
−216G > T were confirmed to affect the efficacy and safety of 
the total survival (OS) and progressive-free survival (PFS) in 
gefitinib-treated or erlotinib-treated NSCLC patients.6 In addi-
tion, accumulating evidence indicates that no smoking history is 
a predictor of a benefit prognosis of EGFR-TKI treatment. It 
may be that smokers have a lower EGFR gene mutation rate 
and an increased Kirsten Rat Sarcoma Oncogene Homolog 
(KRAS) gene mutation rate compared with non-smokers, 

resulting in this part of patients being insensitive to conven-
tional EGFR-TKIs.7,8 However, the impact of tobacco expo-
sure on the clinical efficacy of EGFR-TKIs has not yet been 
determined.

In this study, we conducted a meta-analysis of published 
randomized controlled trials (RCTs) to analyze the efficacy of 
EGFR-TKIs treatment in patients with advanced NSCLC of 
different smoking habits.

Data and Methods
Search strategy

A systematic search of clinical study was conducted using 
PubMed, MEDLINE, Embase, and the Cochrane Library until 
October 31, 2022. The database search terms were as follows: 
“Carcinoma, Non-Small-Cell Lung,” “Smoking,” “EGFR-TKI,” 
“epidermal growth factor receptor-tyrosine kinase inhibitor,” 
“gefitinib,” “erlotinib,” “icotinib,” “dacomitinib,” “osimertinib,” 
“afatinib,” and “aflutinib.” Inclusion criteria were as follows: (1) 
RCTs; (2) smokers or non-smokers of EGFR mutation for 
advanced NSCLC patients; (3) the experimental group was 
treated with EGFR-TKIs or EGFR-TKIs combined with 
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chemotherapy, immunotherapy, antiangiogenesis, radiotherapy; the 
control group was treated with chemotherapy; and (4) progressive-
free survival (PFS) and/or total survival (OS). Studies were 
excluded if (1) conference papers; (2) no necessary sample data; and 
(3) study reported insufficient details and other outcomes.

Risk of bias assessment

Rev Man 5.4 software was performed to evaluate the quality of 
the included RCTs. The quality of the included studies was 
evaluated based on whether random sequence generated in the 
study, allocation concealment, double blinding of the imple-
menter and participant, blind methods for outcome evaluation, 
incomplete outcome data, bias in selective presentation, and 
the corresponding basis was explained. In addition, red indi-
cates high risk, yellow indicates unknown risk, and green indi-
cates low risk.

Statistical analysis

Rev Man 5.4 software was used for statistical analysis, and I2 
was used to statistically evaluate the heterogeneity. If I2 > 50%, 
a random-effects model was used for the analysis, or the data 
were analyzed on fixed-effects model to calculate the combined 
PFS and OS risks, obtain a 95% confidence interval (95% CI) 
of the effect amount, and test the level α = 0.05.

Results
Literature search and study selection

Through the initial search, a total of 1267 records were 
retrieved. After examining the titles and abstracts, 57 studies 
were selected for full-text scrutiny. In all, 11 studies were 
included in the meta-analysis (Figure 1).

A total of 6760 patients were included in this study, and the 
basic characteristics of the included study are shown in Table 1. 
According to the different medication conditions of patients, 
the literature was divided into 3 groups for analysis: EGFR-
TKIs and placebo group, EGFR-TKIs and chemotherapy 
group, and EGFR-TKIs combined with vascular endothelial 
growth factor (VEGF) and EGFR-TKIs monotherapy.

Effect of epidermal growth factor receptor-tyrosine 
kinase inhibitors on progressive-free survival in 
patients with advanced non-small cell lung cancer

Three studies reported the effects of EGFR-TKIs and placebo 
on PFS in patients with advanced NSCLC. Heterogeneity 
testing indicates heterogeneity among studies (I2 = 72%), so a 
random-effect model was used. The results suggested that 
EGFR-TKIs can shorten the median (similarly hereinafter) 
PFS in patients with advanced NSCLC, with a statistically sig-
nificant difference (odds ratio = [OR] [95% CI] = 0.80 [0.65-
0.99], Z = 2.07, P = .04) compared with the placebo group. 
Subgroup analysis based on different smoking habits suggested 

that EGFR-TKIs could shorten the median PFS of patients 
with advanced NSCLC who had never smoked, with a statisti-
cally significant difference (OR [95% CI] = 0.70 [0.50-0.98], 
Z = 2.07, P = .04). However, patients with advanced NSCLC 
who smoked, there was no significant difference in the efficacy 
between the 2 treatments (P = .36) (Figure 2A).

Three studies indicated the effects of EGFR-TKIs and 
chemotherapy on PFS in patients with advanced NSCLC. 
Heterogeneity test indicated that there was no heterogeneity 
among the studies (I2 = 0%), so a fixed-effect model was used for 
analysis. The results suggested that there was no significant dif-
ference between EGFR-TKIs and chemotherapy in reducing 
the median PFS in patients with advanced NSCLC (P = .15). 
According to subgroup analysis based on different smoking 
habits, both EGFR-TKIs and chemotherapy can reduce the 
median PFS in patients with advanced NSCLC who have never 
smoked (OR [95% CI] = 0.61 [0.44-0.84], Z = 3.00, P = .003) 
and smoked (OR [95% CI] = 0.54 [0.27-1.08], Z = 1.74, P = .08), 
with statistically significant differences (Figure 2B).

Two studies showed the effects of EGFR-TKIs combined 
with anti-VEGF therapy and EGFR-TKIs monotherapy on 
PFS in patients with advanced NSCLC. Heterogeneity testing 
indicates heterogeneity among studies (I2 = 65%), so a random-
effect model was used. The results suggested that there was no 
significant difference between EGFR-TKIs combined with 
anti-VEGF therapy and EGFR-TKIs monotherapy in reduc-
ing the median PFS in patients with advanced NSCLC 
(P = .14). Subgroup analysis based on different smoking habits 
showed that EGFR-TKIs combined with anti-VEGF therapy 
could significantly reduce the median PFS in patients with 
advanced NSCLC who smoked, with a statistically significant 
difference (OR [95% CI] = 0.60 [0.40-0.89], Z = 2.52, P = .01), 
whereas there was no significant impact on the median PFS in 
patients who had never smoked (P = .69) (Figure 2C).

Effect of epidermal growth factor receptor-tyrosine 
kinase inhibitor on total survival in patients with 
advanced non-small cell lung cancer

Five studies showed the effects of EGFR-TKIs and placebo on 
PFS in patients with advanced NSCLC. Heterogeneity test 
indicated heterogeneity among studies (I2 = 64%), so a random-
effect model was used for analysis. The results suggested that 
EGFR-TKI can reduce the median OS in patients with advanced 
NSCLC, with a statistically significant difference (OR [95% 
CI] = 0.81 [0.70-0.95], Z = 2.66, P = .008) compared with the 
placebo group. Subgroup analysis based on different smoking 
habits suggested that EGFR-TKIs could reduce the median OS 
in patients with advanced NSCLC who had never smoked, with 
a statistically significant difference (OR [95% CI] = 0.61 [0.49-
0.77], Z = 4.30, P < .001). However, in patients with advanced 
NSCLC who smoked, there was no significant difference in the 
efficacy of the 2 treatments (P = .20) (Figure 3A).

Three studies showed the effects of EGFR-TKIs and 
chemotherapy on PFS in patients with advanced NSCLC. 
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Heterogeneity test indicated that there was no heterogeneity 
among the studies (I2 = 0%), so a fixed-effect model was used 
for analysis. The results suggested that there was no significant 
difference between EGFR-TKIs and chemotherapy in reduc-
ing the median OS in patients with advanced NSCLC (P = .15). 
A subgroup analysis based on different smoking habits showed 
that there was no significant difference in the impact of the 2 
treatments on the median PFS between smoking and non-
smoking patients with advanced NSCLC (P = .11 and P = .98) 
(Figure 3B). Only 1 study showed the impact of EGFR-TKIs 
combined with anti-VEGF therapy and EGFR-TKIs mono-
therapy on OS in patients with advanced NSCLC, and no 
analysis was conducted.

Discussion
This study explored the differences in the efficacy of EGFR-
TKIs in NSCLC patients with different smoking habits. The 
results suggested that smoking (including previous and current 
smoking) significantly reduces the PFS and OS in comparison 
to non-smoking group in the treatment of NSCLC with 

EGFR-TKIs. In addition, EGFR-TKIs combine with anti-
VEGF therapy can reduce the risk of disease progression in 
smokers, which suggested that this treatment mode has greater 
clinical benefits for smokers.

All data in this study were obtained in the II/III clinical tri-
als. The methods used in testing EGFR variants for NSCLC 
patients were mostly polymerase chain reaction (PCR) and 
sequencing, which have been proved to be sensitive and specific 
for EGFR variants detection and indicated that our study was 
reliable.18 The impact of EGFR-TKIs alone or EGFR-TKIs 
combined with other treatments in 6760 patients for advanced 
NSCLC with different smoking habits was evaluated. 
Progressive-free survival was evaluated in 4301 patients, and 
OS was evaluated in 6229 patients, with reliable results. 
According to the comparative grouping of patients according to 
different treatment methods. (1) In the 5 studies comparing the 
efficacy of EGFR-TKI with placebo, the conclusion that the 
PFS and OS of the non-smoker group after EGFR-TKI treat-
ment are significantly better than those in the placebo group. In 
the smoker group, 2 studies suggest that the PFS and OS of 

Figure 1.  Literature review PRISMA flowchart.
EGFR indicates epidermal growth factor receptor; NSCLC, non-small cell lung cancer; RCT, randomized controlled trial; TKI, tyrosine kinase inhibitor.
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patients in the EGFR-TKI treatment have a trend of being bet-
ter than those in the placebo group, whereas the study by Lee 
2019 was the opposite.15-17 (2) In the 4 studies comparing the 
efficacy of EGFR-TKIs with chemotherapy, there was no sig-
nificant difference in improving OS between smokers and non-
smokers NSCLC patients treated with EGFR-TKIs compared 

with chemotherapy. However, after treatment with EGFR-
TKIs, PFS in the non-smoker group was significantly better 
than the chemotherapy group. Two studies suggested that PFS 
in the smoking group was better than that in the chemotherapy 
group; 1 study suggested that there was no significant difference 
between EGFR-TKIs and chemotherapy in improving PFS in 

Figure 2.  Effects of EGFR-TKIs and placebo on improving PFS in patients with advanced NSCLC. (A) Comparison of EGFR-TKIs with placebo; (B) 

comparison between EGFR-TKIs and chemotherapy group; and (C) comparison of EGFR-TKIs combined with anti-VEGF therapy and EGFR-TKIs 

monotherapy.
CI indicates confidence interval; EGFR, epidermal growth factor receptor; NSCLC, non-small cell lung cancer; PFS, progressive-free survival; SE, standard error; TKI, 
tyrosine kinase inhibitor; VEGF, vascular endothelial growth factor.
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the smoker group after treatment.3,5,10 (3) In 2 studies compar-
ing the efficacy of EGFR-TKIs combined with VEGF and 
EGFR-TKIs monotherapy, the effect on OS after treatment 
was not provided in the study. Previous studies have suggested 
that EGFR-TKIs combined with VEGF have a tendency to 
improve PFS in patients with NSCLC who smoke compared 
with EGFR-TKI monotherapy. In the non-smoker group, Saito 
et al11 suggested that EGFR-TKIs combined with VEGF sig-
nificantly improved PFS in patients with NSCLC, whereas Soo 
et al12 suggested that EGFR-TKIs monotherapy significantly 
improved PFS in patients with NSCLC.

There are still inconsistencies in the efficacy of EGFR-
TKIs in smoker and non-smoker NSCLC. In this study, among 
the literature with inconsistent conclusions, the sample size of 
Lee et al is 527 cases, the sample size of Shi et al is 155 cases, 

the sample size of Saito et al is 224 cases, and the sample size 
of Soo et al is 155 cases. All of these may have inconsistent 
conclusions due to small sample sizes. In the future, the conclu-
sions of this meta-analysis should be verified in larger RCTs.

We explored the mechanisms that may lead to this conclu-
sion and concluded that (1) smoking is considered to be a 
major risk factor for lung cancer, especially for adenocarcinoma 
patients younger than 64 years.19 Gene sequencing of patients 
with different smoking status indicated that with increased 
tobacco exposure, EGFR, reactive oxygen species (ROS), and 
anaplastic lymphoma kinase (ALK) mutations were signifi-
cantly decreased, whereas KRAS mutations significantly 
increased. It is worth noting that the KRAS mutation level is 
relatively stable among patients with smoking levels ranging 
from 1 to 15 packets per year to 60+ years old. 

Figure 3.  Effect of EGFR-TKIs on improving OS in patients with advanced NSCLC. (A) Comparison of EGFR-TKIs with placebo; (B) comparison between 

EGFR-TKIs and chemotherapy group.
CI indicates confidence interval; EGFR, epidermal growth factor receptor; NSCLC, non-small cell lung cancer; OS, total survival; SE, standard error; TKI, tyrosine kinase 
inhibitor; VEGF, vascular endothelial growth factor.
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Smoking promotes the progression of cancer cells and reduces 
the sensitivity of NSCLC cells to EGFR-TKIs through the 
liver kinase B1/AMP-activated protein kinase (LKB1/AMPK) 
pathway, promoting Src (Y527F/K295R), epithelial-mesen-
chymal transition (EMT), and ROS, as well as abnormal EGF 
receptor activation.20-24 Previous research works also suggest 
that nicotine in tobacco can mediate resistance to EGFR-TKIs 
in NSCLC patients with EGFR mutations.25 Therefore, we 
believe that smoking may affect the efficacy of EGFR-TKI by 
altering the expression of driving genes in NSCLC patients 
and mediating EGFR-TKIs resistance. (2) Tobacco exposure is 
more likely to induce TP53 mutations in lung cancer patients, 
and NSCLC patients with EGFR and TP53 mutations tend 
to have a poor response to EGFR-TKIs.26,27 However, some 
studies have suggested that TP53 mutations may promote the 
upregulation of vascular endothelial growth factor receptor 
(VEGFR) expression, thereby enhancing the efficacy of VEGF 
and VEGFR inhibitors.28-30 At the same time, many studies 
suggest that different subtypes of TP53 mutations may have 
inconsistent effects on the efficacy of EGFR-TKIs. In the 
future, it is necessary to verify the efficacy of EGFR-TKI com-
bined with VEGF in the treatment of different types of TP53 
mutations in patients.

The most common serious adverse events in both Asians 
and Caucasians after EGFR-TKIs treatment were rash and 
diarrhea, which is consistent with the previous reports.31 
Impaired liver function with increased aspartate aminotrans-
ferase (AST) and alanine transaminase (ALT) was also found 
particular in Asians, whereas anorexia was only found in 
Caucasians, suggested that adverse events of TKIs were differ-
ent between the 2 populations. The EGFR variants in different 
populations may explain the difference.31

This study aimed to explore the efficacy of EGFR-TKIs in 
patients with different smoking habits and provide evidences 
of effective treatments for NSCLC patients who smoke. 
However, this study inevitably still has some limitations: (1) 
Even though the distribution of EGFR is different in 
Caucasians compared with Asians, studies focus on both 
Caucasians and Asians were still included. There will be not 
enough data if we separate these 2 populations, the conclusion 
should be updated in the future when we have enough research 
works. (2) The smoking patients included in this study are cur-
rent smokers or former smokers, the data of these 2 popula-
tions have largely heterogeneous, and there may be differences 
in treatment effectiveness. In addition, we should also pain 
attention to patients with passive smoking. However, it is 
impossible to clearly distinguish these patients from this study, 
and future studies should be conducted on these 2 groups of 
patients. (3) Tumor treatment drugs are changing rapidly, but 
most of the clinical trials currently included are mainly focused 
on the efficacy comparison of first-generation and second-gen-
eration EGFR-TKIs. There are fewer RCTs of third-genera-
tion EGFR-TKIs, and the number of included studies is also 

small, which may affect the accuracy and reliability of conclu-
sions. We will continue to pay attention to this topic and update 
the literature and conclusions in a timely manner. (4) This 
study only summarizes the results of multiple RCTs and does 
not clarify the causal relationship between smoking history and 
the efficacy of EGFR-TKIs nor does it determines the combi-
nation of EGFR-TKIs. The mechanism by which VEGF 
treatment can improve the efficacy of smoking NSCLC 
patients requires further clinical and basic trials to explore the 
correlation between smoking and EGFR-TKIs treatment.

Conclusions
This study systematically reviewed relevant literature through 
meta-analysis and found that smoking significantly reduces the 
PFS and OS in comparison to non-smoking patients in the treat-
ment of NSCLC with EGFR-TKIs. In addition, EGFR-TKIs 
combined with anti-VEGF therapy can reduce the risk of disease 
progression in smokers. This study can provide a basis for selecting 
appropriate treatment strategies for such patients in clinical prac-
tice, and further confirmation in RCTs is needed in the future.
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