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Abstract: First-generation EGFR-TKIs (gefitinib/erlotinib) and second-generation EGFR-TKI (afatinib) have become
the current first-line treatments for EGFR-mutated non-small cell lung cancer (NSCLC), however, the effects of using
second-generation EGFR-TKIs compared to those of using first-generation EGFR-TKIs as a first-line treatment for
NSCLC patients with EGFR mutations remain unknown. We conducted this meta-analysis based on 4 retrospective and
2 randomized controlled studies published between 2016 and 2018. We surveyed the effectiveness of
afatinib/dacomitinib and gefitinib/erlotinib as first-line treatments for stage I1I-IV EGFR-mutated NSCLC patients. The
combined hazard ratio (HR) for the progression free survival (PFS) of second-generation EGFR-TKI group versus that
first-generation drug group was 0.64 [95% confidence interval (95% CI) 0.55-0.74; P<0.001], demonstrating a superior
PFS in the second-generation group. This outcome coincided with the subgroup analyses comparing the PFS of patients
with EGFR exon 19 deletion (HR = 0.68 [95% CI 0.55-0.83; P = 0.0002]) or L858R mutation (HR = 0.64 [95% CI 0.51—
0.81; p=0.0002]). Meanwhile, second-generation drugs could to significantly improve the time to progression (TTFs)
compared to first-generation drugs (HR = 0.81 [95% CI 0.67-0.89; P = 0.03]). Afatinib and dacomitinib may be the

superior first-line treatment for advanced NSCLC patients with EGFR mutations.
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INTRODUCTION

Lung cancer is the most common malignant tumor type
and has the highest morbidity and mortality rates
worldwide, and approximately 80-85% of all lung cancers
are non-small cell lung cancer (NSCLC). The traditional
methods of lung cancer treatment mainly include surgery,
radiotherapy and chemotherapy, which are considered to
have ideal curative effects on the treatment of primary
lung cancer. However, most lung cancer patients have
already entered the middle and late stages when their
diagnoses are confirmed, and a high recurrence rate after
conventional treatment leads to a poor prognosis. Only
17% of all lung cancer patients are expected to live for
five years (Chen et al., 2016, Siegel ef al., 2018). With the
development of genome sequencing technology, the
molecular mechanisms underlying tumor occurrence and
progression have gradually been revealed. Cancer cells
are often addicted to the sustained overexpression or
activity of specific activated oncogenes for maintenance
of their malignant phenotype (Weinstein 2002).
According to the different “oncogene addictions”, further
typing the molecular basis of various gene mutations in
lung cancer was performed, as targeting the treatment of
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critical mutations provides hope for advanced lung cancer
patients, especially for those whose tumors progress after
treatment.

The current clinical treatment for advanced NSCLC
patients is determined by the mutation statuses of driven
genes and tumor histology (Azzoli et al., 2011). More
than half of all NSCLC patients carry a mutation in the
epidermal growth factor receptor (EGFR) (Martincorena
et al., 2015) and targeting mutant EGFR is an established
approach for the treatment of patients with advanced
NSCLC (Johnson et al., 2014). Gefitinib and erlotinib,
first-generation EGFR tyrosine kinase inhibitors (EGFR-
TKIs), are widely used as first-line treatments for
advanced NSCLC worldwide. Although first-generation
EGFR-TKIs can reversibly combine with and inhibit only
one receptor of the Erb family, EGFR, the overall survival
(OS) and disease-free survival rates of patients with
advanced lung cancer are still improved with these drugs
(Mok et al., 2009, Maemondo et al., 2010). Unlike first-
generation drugs, the second-generation EGFR-TKIs,
afatinib and dacomitinib can combine with and suppress
four receptors of the Erb family, EGFR, ErbB2, ErbB3
and ErbB4 (Joshi et al., 2015). More importantly, the
combination of afatinib, dacomitinib and these receptors
is irreversible, indicating that second-generation drugs are
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more efficient than first-generation drugs based on their
molecular characteristics (Solca et al., 2012, Chen et al.,
2013). Recent studies reported better progression-free
survival (PFS) rates for advanced NSCLC patients treated
with afatinib and dacomitinib compared with those of
patients treated with gefitinib or erlotinib (Park et al.,
2016, Wu et al., 2017, Sutandyo et al., 2019).

Although afatinib has been considered a first-line
treatment for advanced NSCLC patients with EGFR
mutations (Cappuzzo et al., 2015, Ho et al., 2019, Wang
et al., 2019, Yokoyama et al., 2019), the first- and
second-generation drugs that are most effective for first-
line treatment remain unclear. This study was carried out
to compare the PFS and time to progression (TTF)
outcomes of advanced NSCLC patients with EGFR
mutations who received first- or second-generation
EGFR-TKIs as first-line treatments. Using pooled
analysis, we hoped to form a consensus about whether
first- or second-generation EGFR-TKIs are superior for
the first-line treatment of advanced NSCLC patients with
EGFR mutations.

MATERIALS AND METHODS

Search strategy for published studies

This study was carried out in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (Liberati et al.,
2009). We retrieved published literature for original
research by searching multiple electronic databases,
including PubMed, MEDLINE, Embase, and ISI Web of
Science, from their dates of inception to Jul 2018 using
the following keywords related to lung cancer: WBRT,
EGFR-TKIs, brain metastases and radiotherapy. The
search and identification processes were independently
conducted by two authors. According to a standardized
approach, the decision for each study selection was
reached by discussion. To maximize the search sensitivity,
we implemented the following strategy: “lung cancer”
[all fields] AND “first-line treatment” [all fields] AND
“second-generation TKI” [MeSH Terms] OR ‘‘Afatinib,
Dacomitinib™ [all fields] AND “first-generation TKI”
[MeSH Terms] OR “Gefitinib, Erlotinib” [all fields]. All
the studies were filtered depending on inclusion and
exclusion criteria.

Selection criteria

Studies meeting the following inclusion criteria were
considered eligible and included in this meta-analysis: (1)
all the patients included had untreated advanced NSCLC
with EGFR mutation; (2) both first- and second-
generation EGFR-TKIs were used as first-line treatment;
(3) the study was designed according to a randomized,
prospective cohort or case-control format; (4) data on PFS
or TTF were provided; (5) intervention: afatinib or
dacomitinib and control: gefitinib or erlotinib. Studies

were excluded for the following reasons: (1) having a
review, commentary, editorial, case report, or letter format;
(2) both first- and second-generation EGFR-TKIs were
used as second- or third-line treatments; (3) lacked key
information for the calculation of methods; (4) duplicate
studies in which the number of patients or length of
follow-up were increased; only the most informative
article was included in this meta-analysis.

Quality assessment

The included studies were qualitatively assessed
according to the Newcastle-Ottawa Scale (NOS) for the
quality assessment of cohort and case-control study
(Zhang et al., 2017). A star system for the NOS (range, 0-
9 stars) was developed for the evaluation. The values for
the included studies are shown in table 1.

Data extraction and critical appraisal

PFS and TTF were the primary outcomes of this meta-
analysis. All data used for the analysis were extracted
from the included eligible articles (all available texts,
tables and figs). The latest data were used when repeated
cases were reported. Each retrieved article was reviewed
by two independent investigators. A third expert
adjudicator and discussion were utilized if discrepancies
occurred between the two reviewers.

STATISTICAL ANALYSIS

The meta-analysis was performed by combining the
results of the reported PFS or TTF. The log (hazard ratio)
[In (HR)] and its standard error (SE) were used as the
outcome measure for the combined data. The HR and
associated variance data in each included study were
obtained or calculated according to the techniques
described by Tierney and Stewart (Tierney et al., 2007).
Because the HRs of PFS/TTF could not be obtained in
some studies directly, data were extracted from their
Kaplan—Meier survival curves to calculate the HR and SE.
Data from Kaplan-Meier curves were read by Engauge
Digitizer version 4.1. The calculations were performed
independently by two researchers, and discrepancies were
discussed until a consensus was reached.

The summary statistical analysis was conducted with
Review Manager Version 5.1.2 (Cochrane Collaboration,
Software Update, Oxford, United Kingdom). The
heterogeneity between trials was assessed using the Chi-
square statistic; an I* value less than 50% and a p value
greater than 0.10 suggested that no statistical
heterogeneity existed. The inverse variance random
effects model was used when the clinical
characteristics and methodology were not substantially
different, when I* was greater than 50% and when the P
value was less than 0.10. The influence of the study
regarding the overall effect size was identified by
sensitivity analysis.
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Fig. 1: Flow chart of the literature retrieval according to the PRISMA statement.
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Fig. 2: (A) Forest plot of the following comparison: the PFS
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rates of advanced NSCLC patients with EGFR mutations

treated with second- versus first-generation TKIs. Four studies were included. (B) Forest plot of the following
comparison: the PFS rates of advanced NSCLC patients with an exon 19 deletion treated with second- versus first-
generation TKIs. Three studies were included. (C) Forest plot of the following comparison: the PFS rates of advanced
NSCLC patients with an L858R mutation treated with second- versus first-generation TKIs. Three studies were
included. (D) Forest plot of the following comparison: TTFs of advanced NSCLC patients with EGFR mutations
treated with second- versus first-generation TKIs. Two studies were included.
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Fig. 3: (A) Funnel plot of PFS rates based on the outcomes of comparing the use of second- versus first-generation
TKIs for the treatment of advanced NSCLC patients with EGFR mutations for the visual detection of systematic
publication bias and small study size effects. (B) Funnel plot of PFS rates based on the outcomes of comparing the PFS
rates of advanced NSCLC patients with exon 19 deletions treated with second- versus first-generation TKIs for the
visual detection of systematic publication bias and small size study effects. (C) Funnel plot of PFS rates based on the
outcomes of comparing the PFS rates of advanced NSCLC patients with L858R mutations treated with second- versus
first-generation TKIs for the visual detection of systematic publication bias and small study size effects. (D) Funnel
plot of TTFs based on the outcomes of comparing the PFS rates of advanced NSCLC patients with EGFR mutations
treated with second- versus first-generation TKIs for the visual detection of systematic publication bias and small study

size effects.
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Table 82: Subgroup analysis between Second-peneration EGFR TKTs vs Chemotherapy
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Fig. S2: Funnel plot of PFS rates on the outcomes of
comparing the use of second-generation TKIs versus
chemotherapy for the treatment of advanced NSCLC
patients with EGFR mutations for the visual detection of
systematic publication bias and small study effects.

RESULTS

Characteristics of the included trials

According to the selection criteria, six studies were
included in this analysis (Park et al., 2016, Kuan et al.,
2017, Shen et al., 2017, Wu et al., 2017, Fujiwara et al.,
2018, Wu et al., 2018) and a total of 1738 patients were
utilized to compare the efficacies of second- and first-
generation EGFR-TKIs. In total, 677 and 1061 patients
with advanced-stage lung adenocarcinoma with EGFR
mutations who completed follow-up and were further
analyzed received afatinib/ dacomitinib or gefitinib/
erlotinib, respectively. The search results and selection
details are shown in fig. 1. Details regarding each study,
including the publication year, number of patients
included, median survival time (MST) for each group,
research year, follow-up time, tumor stage at first
diagnosis, treatment procedure, ethnic origin of the
subjects and research type for each trial, are shown in
table 1.

PFES and TTF comparisons between first- versus second-
generation EGFR-TKIs

As shown in fig. 2A, among patients harboring EGFR
mutations, the PFS of patients treated with second-
generation EGFR-TKIs was significantly improved
compared with that of patients treated with first-
generation EGFR-TKIs (HR = 0.64 [95% CI 0.55-0.74;
p<0.001]). This result coincided with that of the subgroup
analysis that compared the PFS rates of advanced NSCLC
patients with an EGFR exon 19 deletion, as subjects
treated with second-generation EGFR-TKIs exhibited a
PFS superior to that of subjects treated with first-
generation EGFR-TKIs (HR = 0.68 [95% CI 0.55-0.83; p
= 0.0002]) (fig. 2B). In the subgroup analysis of patients
with the L858R mutation, the PFS of subjects treated with
second-generation EGFR-TKIs was also superior to that
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of subjects treated with first-generation EGFR-TKIs (HR
=0.64 [95% CI1 0.51-0.81; p = 0.0002]) (fig. 2C).

When comparing the TTFs between second-generation
and first-generation EGFR-TKIs, 187 patients treated
with second-generation drugs and 278 patients treated
with first-generation drugs reported by two studies were
included,(Park et al., 2016, Fujiwara et al., 2018) and the
combined HR value was 0.81 [95% CI 0.67-0.89; p=
0.03]) (fig. 2D). These pooled analyses revealed that
compared with first-generation EGFR-TKIs, second-
generation drugs provided advanced NSCLC patients with
EGFR mutations significant PFS and TTF benefits.

Subgroup analysis of PFS

In addition to the EGFR mutation type, subgroup analysis
of PFS was conducted for the gender, age, smoking status,
baseline ECOG (Eastern Cooperative Oncology Group)
score, brain metastasis and ethnic origin parameters of
these patients. The main results outlined in table 2
demonstrated that patients of both-genders, ages and
smoking histories analyzed can benefit from second-
generation TKIs in terms of PFS. However, the PFS rates
of patients with an ECOG score of 0, brain metastases or
Asian patients did not improve regardless of whether
these patients received first- or second-generation drug
treatment. Although significant differences in combined
HR values were observed, the p values of these groups
were greater than 0.05. However, the results showed that
patients with an ECOG score of 1 and non-Asian patients
still benefited from second-generation TKIs.

Second-generation TKIs and chemotherapy

Another meta-analysis was performed to compare the PFS
rates between patients receiving second-generation TKIs
and chemotherapy. Two randomized studies (Sequist ef al.,
2013, Wu et al., 2014) involving 708 NSCLC patients
with EGFR mutations were included in this analysis
(Table S1), and the forest plot showed that patients treated
with second-generation TKIs exhibited a PFS superior to
that of patients treated with first-generation drugs (HR =
0.44 [95% CI 0.25-0.77; p = 0.004]) (fig. S1). Funnel plot
for bias analysis was shown in fig. S2. As shown in Table
S2, the subgroup analyses of gender, age, smoking status
and ECOG performance status revealed that patients in
any subgroup who were treated with second-generation
TKIs had a better PFS than those treated with first-
generation drugs, and all analysis results had statistical
significance.

Sensitivity analysis and publication bias

To determine whether each individual research study
overly influenced the final results, sensitivity analyses
were repeated, excluding each study one at a time; no
significant discrepancies in the outcomes were found. The
consequences were similar regardless of whether a
random or fixed-effect model was utilized. Publication

Bing Hou et al

bias was determined by asymmetry of the funnel plot,
which was used to estimate the precision of the trials (fig.
3 and Fig S2). Each circle represents the treatment effect,
expressed as the logarithm of the HR of OS in each trial
plotted against the SE as a measure of study size. The
perpendicular line depicts the pooled estimate of the
meta-analysis. Funnel plot analysis of the OS/PFS of
comparisons did not indicate significant publication bias.

DISCUSSION

NSCLC patients harboring EGFR mutations represent a
molecularly distinct type of lung cancer that has
established first-line treatment options; these include the
first-generation EGFR-TKIs gefitinib and erlotinib and
the second-generation TKI afatinib (Lynch et al., 2004,
Paez et al., 2004, Sharma et al., 2007, Schuler et al.,
2019). All three drugs have been approved on the basis of
randomized trials showing superior PFS, objective
responses, and more favorable safety profiles compared
with  standard first-line  platinum-based  doublet
chemotherapy in patients with EGFR mutant NSCLC
(Mok et al., 2009, Maemondo et al., 2010, Mitsudomi et
al., 2010, Rosell et al., 2012, Sequist et al., 2013).
Another second-generation EGFR-TKI, dacomitinib, was
reported to generate a superior response rate (17% vs
5.3%, p=0.01) and PFS (median: 2.86 m vs 1.91 m, p=
0.01) in NSCLC patients who had not been treated with
EGFR-TKIs in the past and in whom chemotherapy
treatments failed compared to those of patients treated
with erlotinib (Ramalingam ez al., 2012). In a randomized,
open-label, phase 3 trial (ARCHER 1050), dacomitinib
significantly improved the PFS of patients with EGFR
mutation-positive NSCLC compared with that of patients
treated with gefitinib as a first-line treatment and should
be considered as a new treatment option for this
population. However, whether second-generation TKIs
are more suitable for the first-line treatment of advanced
NSCLC patients with EGFR mutations remains unclear.
Answering this question could aid in choosing which
clinical medications are administered.

The main results of this meta-analysis showed that
compared with first-generation TKIs, the second-
generation drugs exerted significantly superior PFS and
TTF benefits. Furthermore, subgroup analysis was
conducted to investigate whether the results were
influenced by the different EGFR mutant types. Based on
the analyzed results, regardless of whether patients
harbored exon 19 deletions or L858R mutations, second-
generation TKIs still yielded a superior PFS for the first
time. These results suggested that the second-generation
TKIs should be considered as first-line treatments for
advanced NSCLC with EGFR mutations. Interestingly,
another subgroup analysis showed that second-generation
TKIs were no better than first-generation TKIs for the
treatment of patients with an ECOG score of 0, brain
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metastases or Asian patients. Although the combined HR
value of first-generation drugs appeared to be better than
that of second-generation drugs, no statistically
significant differences were observed. Although our
results showed that second-generation TKIs (afatinib) had
a a superior PFS as compared with gemcitabine or
pemetrexed plus cisplatin (fig. S1). Nevertheless, upon
comparing OS rates between patients receiving second-
generation TKIs and chemotherapy, two current trials
(Yang et al., 2015, Wu et al., 2018) indicated that second-
generation TKIs might not improve the OS compared
with chemotherapy.

However, this study does have some limitations. First,
second-generation TKIs could reportedly cause more side
effects than chemotherapy (Yang et al., 2013), which may
be related to their mechanistic features. Regrettably, not
enough clinical studies are available to conduct a meta-
analysis to compare the side effects of these second-
generation EGFR-TKIs. Although our results showed that
second-generation TKI treatment is better than first-
generation TKI treatment and chemotherapy, their clinical
applications might be limited by side effects. More
randomized clinical trials should be conducted to
investigate the optimal dosage and usage of second-
generation drugs. Second, the OS rates between the two
groups could not be compared in this meta-analysis
because the current clinical studies did not provide
enough data (Paz-Ares et al., 2017, Wu et al., 2018).
However, the conclusions of two studies that reported OS
rates found no survival benefit for afatinib compared with
gefitinib (median: 27.9 m vs 24.5 m, p=0.2580, HR =
0.86, 95% CI 0.66-1.12, p=0.258). Interestingly, this
result was consistent with that of the comparison between
second-generation drugs and chemotherapy. Third, the
level of evidence was relatively low, as most of the
included articles were retrospective studies, and whether
the clinical outcomes could have been affected by
undefined bias and/or confounding factors was unclear. A
total of 1738 advanced NSCLC patients with EGFR
mutations were included in this analysis, but the number
of patients was still small, and larger multicenter studies
will be needed in the future. In the end, the third
generation TKI Osimertinib was exhibited superior PFS
than standard EGFR-TKIs (18.9 months vs. 10.2 months)
in untreated EGFR mutation—positive NSCLC patients
(Soria et al., 2018). However, the available articles were
not enough to compare third or second generation TKI
which was preferable for first-line therapy in advanced
NSCLC patients with EGFR mutations.

CONCLUSION

In conclusion, this meta-analysis revealed second-
generation EGFR-TKIs as first-line treatments lead to
significantly high PFS and TTF rates for advanced
NSCLC patients with EGFR mutations. Therefore, the
first-choice therapy for advanced EGFR mutant NSCLC

patients should be second-generation EGFR-TKIs when
possible.
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