
Review Article
Front-Line Therapy in EGFR Exon 19 Deletion and 21 Leu858Arg
Mutations in Advanced Non-Small Cell Lung Cancer: A
Network Meta-Analysis

Tongji Xie ,1 ZihuaZou ,1 ChengchengLiu ,2 YixiangZhu ,1 Ziyi Xu ,1 LeWang ,3

Junling Li ,1 and Puyuan Xing 1

1National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital,
Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100021, China
2Department of Colorectal Surgery and Oncology, Key Laboratory of Cancer Prevention and Intervention, Ministry of Education,
-e Second Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou, China
3Department of Cancer Prevention, Cancer Hospital of the University of
Chinese Academy of Sciences (Zhejiang Cancer Hospital), Institute of Basic Medicine and Cancer (IBMC),
Chinese Academy of Sciences, Hangzhou, Zhejiang 310022, China

Correspondence should be addressed to Puyuan Xing; xingpuyuan@cicams.ac.cn

Received 29 June 2021; Accepted 10 November 2021; Published 13 December 2021

Academic Editor: Woon-Man Kung

Copyright © 2021 Tongji Xie et al. ,is is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Objective. ,is study aimed to compare the efficacy of different first-line strategies based on different EGFR mutation types (19
deletion and 21 Leu858Arg mutations). Methods. We conducted a systematic review and network meta-analysis (NMA) by
searching and analyzing RCTs on PubMed, Embase, Cochrane Library, ASCO.org, and ESMO.org, from inception to September
30th, 2020. Results. Nineteen RCTs involving 5450 patients were finally included in this study, covering 10 different treatment
strategies. ,e Bayesian ranking results suggested that, in terms of PFS, in the overall population and in patients with 19del
mutation, osimertinib was most likely to rank the first, with the cumulative probabilities of 41.89% and 45.73%, respectively, while
for patients with 21 Leu858Arg mutation, standard of care (SoC, represents first-generation EGFR-TKIs in this NMA)+ che-
motherapy was most likely to rank the first, with the cumulative probabilities of 30.81% in PFS. Moreover, SoC+ chemotherapy
provided the best overall survival benefit for the overall population and patients with 19del, with the cumulative probabilities of
57.85% and 33.51%, respectively. In contrast, for patients with 21 Leu858Arg mutation, dacomitinib showed the most favorable
overall survival, with the cumulative probabilities of 36.73%. Conclusions. In this NMA, osimertinib and SoC combined with
chemotherapy would be the optimal first-line treatment options for advanced NSCLC patients harboring EGFR 19 deletion
mutation and 21 Leu858Arg mutation, respectively. ,is finding is likely to be adopted in clinical practice and provide guidance
for future clinical study design. Systematic review registration: INPLASY2020100059.

1. Introduction

Lung cancer leads to the highest cancer-related mortality
worldwide, and non-small cell lung cancer (NSCLC) ac-
counts for approximately 85% of overall lung cancer cases
[1]. Due to the great progress in molecular diagnostic
technology, several driven genes have been identified in lung
adenocarcinoma, resulting in shifting the treatment for these
patients from chemotherapy to targeted therapy [2]. Because

numerous clinical trials demonstrated the superiority of
epidermal growth factor receptor tyrosine kinase inhibitors
(EGFR-TKIs) over platinum-based doublet chemotherapy
in overall response rate (ORR) and progression-free survival
(PFS), multiple generations of EGFR-TKIs became standard
treatments in the first-line setting, including first-generation
TKI gefitinib, erlotinib and icotinib, second-generation TKI
dacomitinib and afatinib, and third-generation TKI osi-
mertinib [3]. Furthermore, some synergistic combination

Hindawi
Evidence-Based Complementary and Alternative Medicine
Volume 2021, Article ID 9311875, 15 pages
https://doi.org/10.1155/2021/9311875

mailto:xingpuyuan@cicams.ac.cn
http://ASCO.org
http://ESMO.org
https://orcid.org/0000-0002-3276-9645
https://orcid.org/0000-0003-0677-3998
https://orcid.org/0000-0002-5573-6467
https://orcid.org/0000-0003-2781-0962
https://orcid.org/0000-0002-5747-5707
https://orcid.org/0000-0002-6142-7134
https://orcid.org/0000-0002-7361-325X
https://orcid.org/0000-0003-4415-9892
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/9311875


strategies such as chemotherapy plus EGFR-TKIs or anti-
angiogenic drugs plus EGFR-TKIs were also investigated in
some clinical trials to overcome the acquired resistance of
targeted therapy [4].

What is more, the advanced NSCLC patients harboring
EGFR mutation are different, including race, gender, age,
smoking status, and EGFR mutation status. In terms of
EGFR gene mutation, there are two common types (19
deletion mutation and 21 Leu858Arg mutation) [5] and
other rare types (such as 18 Gly719Cys mutation) [6]. Data
in multiple trials have shown that the efficiency of different
treatment strategies might differ in various kinds of EGFR
mutation statuses, especially between 19 deletion and 21
Leu858Arg mutations [7–13].

Although many previous network meta-analyses ana-
lyzed some preferable choices for EGFR-mutated advanced
NSCLC based on different mutation statuses via indirect
comparisons [14], some important data were still unavail-
able, such as final overall survival (OS) for FLAURA and
NEJ026 study and PFS for CTONG-1509, RELAY, and
ACTIVE study [7, 8, 15–18]. ,us, we conducted this
network meta-analysis (NMA) which is widely used in the
absence of head-to-head trial data [19] to further integrate
the latest outcomes of randomized controlled trials and
synthesize direct and indirect evidence to draw a more
potent conclusion.

2. Method

2.1. Participants and Methods. ,is systematic review was
conducted and reported under the recommendations in the
Preferred Reporting Items for Systematic Reviews andMeta-
Analyses (PRISMA) statement [20]. ,e protocol was reg-
istered on the International Platform of Registered Sys-
tematic Review andMeta-analysis Protocols (INPLASY) and
is available in full at inplasy.com (https://inplasy.com/
inplasy-2020-10-0059/) or in Table S1.

2.2. Systematic Literature Review. ,is systematic literature
review was conducted to identify clinical trials assessing the
efficacy of EGFR-TKIs, including PFS and OS.,e PubMed,
Embase, and Cochrane Central Register of Controlled Trials
databases were searched from inception to September 30th,
2020. Under the guidelines of PICOs, combinations of
MeSH terms and keywords related to “NSCLC,” “EGFR,”
“TKI,” “PFS,” “OS,” and “Randomized Controlled Trial
(RCT)” were applied in the literature search. Besides, lit-
erature was further supplemented in conferences of the
American Society of Clinical Oncology, European Society of
Medical Oncology, European Cancer Conference, and
World Conference on Lung Cancer. Detailed search strat-
egies are available in Table S2.

2.3. Outcome Definition. ,e primary outcome was PFS,
defined as the time from randomization to the first docu-
mented disease progression or death from any cause. ,e
secondary outcome was OS, which was defined as the time
from date of randomization to death from any cause.

2.4. Selection of Studies for the NMA. Eligible studies need to
meet all the following inclusion criteria: (1) study pop-
ulation: patients with advanced NSCLC harboring EGFR
mutation; (2) interventions: EGFR-TKIs with or without
antivascular endothelial growth factor (VEGF); (3) com-
parators: EGFR-TKIs or chemotherapy; (4) outcomes: OS,
PFS; and (5) study design: RCTs.

Studies were excluded if they met any of the following
exclusion criteria: (1) no EGFR mutation patients; (2) no
intervention of EGFR-TKIs; (3) EGFR-TKIs not as first-line
treatment; (4) no survival data; (5) duplicated studies; and
(6) review, comment, editor opinion, or protocol.

2.5. Data Extraction and Risk of Bias Assessment.
According to predefined eligibility criteria by the research
working group, the titles and abstracts of all identified
records were initially screened. ,en, potentially eligible
studies were assessed by full text. For the final included
studies, data extraction and risk of assessment were further
performed. ,e above contents were conducted by Tongji
Xie and Zihua Zou independently, and a third expert
(Puyuan Xing) was invited to arbitrate until reaching a
consensus in case of any disagreement.

A proform designed by the review working group was
done for data extraction, including the following informa-
tion: (1) basic information: name of the study, year of
publication, country; (2) trials design: design type, patient
characteristics, sample size, therapies in intervention, and
control group; and (3) outcomes: data on PFS and OS.

,e Cochrane risk-of-bias tool [21] was used to assess
random sequence generation (selection bias), allocation
concealment (selection bias), blinding of participants and
personnel (performance bias), blinding of outcome assess-
ment (detection bias), incomplete outcome data (attrition
bias), selective reporting (reporting bias), and other biases.

2.6. Network Meta-Analyses. For both survival outcomes,
the natural log hazard ratio (HR) versus the reference arm
and its associated standard error (SE) were used as inputs for
the NMAs. ,e network plots were drawn using Stata
software (version 15.0) to show the interaction of different
treatment regimens in the included studies [22]. Hetero-
geneity across included studies was assessed by Q test and I2.
Heterogeneity was considered low, moderate, or high for
estimated I2 values under 25%, between 25% and 50%, and
over 50%, respectively [23].

Bayesian network meta-analysis was applied due to its
advantages of accommodating complex situations (ac-
counting for the effect of study-specific covariates, resulting
in exact estimates in the presence of limited information)
and providing a more straightforward method for con-
ducting probabilistic statements and predictions on the
treatment effects. ,e Bayesian framework was performed
by a Markov Chain Monte Carlo simulation technique in R
software (version 3.6.3). We utilized the “gemtc” and “rjags”
packages and chose the random effect model, using the odds
ratio (OR) as the effect quantity and 95% credible interval
(CI) to compare the intervention measures [24].
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Based on the previous experience and published liter-
ature, we chose the fixed model in the registration for this
NMA. When we conducted the analysis, most NMAs
showed low heterogeneities because most evaluated inter-
ventions were from only one or two studies with almost
identical population characteristics. However, for PFS in all
patients, high heterogeneities could be found in the com-
parisons between Chemotherapy and Afatinib (I2 � 75.7%),
standard of care (SoC, represents first-generation EGFR-
TKIs in this NMA), and chemotherapy (I2 � 74.8%). For PFS
in patients with 19del mutation, comparisons of SoC and
chemotherapy (I2 � 70.9%) showed high heterogeneities. In
addition, for PFS in patients with 21 Leu858Arg mutation,
comparisons of chemotherapy and afatinib (I2 � 65.6%), SoC
and chemotherapy (I2 � 55.2%), and SoC+ chemotherapy
and SoC (I2 � 53.7%) showed high heterogeneities. For OS in
all patients, high heterogeneities could be found in the
comparisons between chemotherapy and afatinib
(I2 � 70.7%), and SoC and osimertinib (I2 � 65.4%). For OS
in patients with 19del mutation, comparisons of SoC and
Afatinib (I2 � 64.1%), and SoC and chemotherapy
(I2 � 54.6%) also showed high heterogeneities (data were not
shown). Finally, given the high heterogeneities mentioned
above, the random effects consistency model was used to
guarantee the model’s robustness.

,ere are four different sets of initial values to fit the
model. For both the PFS and OS, 10,000 sample iterations
were generated with 5 000 burn-ins and a thinning interval
of 5. We evaluated convergence of iterations by visual in-
spection of the four chains to establish homogenous pa-
rameter estimates in accordance with the density plot
(Figure S1) [25]. Under the Bayesian framework, NMA
estimated the overall rankings of treatments based on the
surface under the cumulative ranking curve for each, which
equals 1 when a treatment is certain to be the best and 0
when a treatment is certain to be the worst.

More importantly, two key assumptions in support of
the NMA are transitivity (the exchangeability across in-
cluded studies to compare two treatments via a third one)
and consistency (that the direct and indirect estimates are
statistically similar). To guarantee the transitivity, we
identified randomized controlled trials with strict patient
allocation and optimized the same condition for all evalu-
ated treatments. Inconsistency was evaluated by comparing
the fit of consistency and inconsistency models [26]. If a
direct comparison existed simultaneously between the 2
interventions, a node splitting technique was used to eval-
uate the network consistency by determining the difference
between the indirect and direct estimates.

3. Results

3.1. Characteristics of Included Studies. A total of 19 ran-
domized controlled trials were finally included in this study,
covering 10 different treatments. Detailed information for
inclusion and exclusion is shown in Figure 1.

Table 1 summarizes studies included in this meta-
analysis [7–13, 15–18, 27–45]. ,e range of median PFS
follow-up time was between 2.7 and 45.0 months. ,e range

of median OS follow-up time was between 27.0 and 59.1
months. ,e mean sample size was 287 patients (range, 81 to
556 patients).

3.2. Quality of Reporting Evidence. ,e quality assessment
for included studies was mainly based on the Cochrane
handbook.,e overall quality is of low-to-medium bias risk.

All included studies described the method used to
generate the allocation sequence, conceal the allocation
sequence, and report the related outcomes based on the
trial’s protocol. No serious census data could be found in
most studies, except for the trial NCT01466660 [27, 28] with
high incomplete outcome bias: 34 patients recruited in this
trial did not have their ethnic origin recorded [27]. However,
these 34 patients were sorted into a non-Asian group when
the OS of the trial was reported [28]. Although we do not
analyze the ethnic information of patients, the bias of the
trial NCT01466660 [27, 28] adversely affects the reliability of
its results. More importantly, most studies did not state the
method for blinding in both the intervention and outcome.
Details for the quality evaluation of the included literature
are listed in Figure 2.

3.3. Network Meta-Analysis. Network meta-analysis in-
cluded all treatments for PFS, while there were 16 studies
with the outcome of OS. For patients with 19del mutation,
all identified literature reported PFS (Figure 3(a)), while 11
had the outcome of OS (Figure 3(b)). For patients with 21
Leu858Arg mutation, 18 included studies reported PFS
(Figure 3(c)), while 11 studies reported the outcome of OS
(Figure 3(d)).

3.4. Progression-Free Survival: Overall and Results Specific to
Mutation Type. For PFS for all patients (Figure 4(a)),
chemotherapy had lowest efficacy, when compared with
osimertinib (HR 0.19, 95% CI 0.12–0.32), SoC+ chemo-
therapy (HR 0.20, 95% CI 0.14–0.29), SoC+ bevacizumab
(HR 0.24, 95% CI 0.16–0.34), dacomitinib (HR 0.24, 95% CI
0.14–0.40), SoC+monochemotherapy (HR 0.26, 95% CI
0.15–0.45), SoC+ ramucirumab (HR 0.26, 95% CI
0.16–0.44), SoC+ apatinib (HR 0.29, 95% CI 0.17–0.48),
afatinib (HR 0.32, 95% CI 0.24–0.44), and SoC (HR 0.41,
95% CI 0.33–0.52). In addition, compared with osimertinib
(HR 0.47, 95% CI 0.30–0.74), SoC + chemotherapy (HR 0.49,
95%CI 0.35–0.67), SoC+ bevacizumab (HR 0.57, 95% CI
0.42–0.77), and dacomitinib (HR 0.59, 95% CI 0.37–0.93),
SoC had lower efficacy.What is more, afatinib (HR 0.62, 95%
CI 0.39–0.96) was inferior to SoC+ chemotherapy. As for
other comparisons, no significant difference could be found.

In terms of PFS for patients with 19del mutation
(Figure 4(b)), compared with chemotherapy, osimertinib
(HR 0.13, 95% CI 0.06–0.28), SoC+ chemotherapy (HR 0.15,
95% CI 0.09–0.26), dacomitinib (HR 0.17, 95% CI
0.08–0.36), SoC+ bevacizumab (HR 0.18, 95% CI 0.10–0.30),
SoC+ ramucirumab (HR 0.20, 95% CI 0.09–0.43),
SoC+ apatinib (HR 0.21, 95% CI 0.09–0.45),
SoC+monochemotherapy (HR 0.21, 95% CI 0.09–0.47),
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afatinib (HR 0.24, 95%CI 0.15–0.37), and SoC (HR 0.31, 95%
CI 0.21–0.42) showed superior efficacy. Additionally,
compared with osimertinib (HR 0.43, 95% CI 0.21–0.86),
SoC+ chemotherapy (HR 0.50, 95% CI 0.33–0.79), and
SoC+ bevacizumab (HR 0.57, 95% CI 0.36–0.92), SoC had
poorer PFS. For other interventions, no distinguished dif-
ferences could be found.

For PFS in patients with 21 Leu858Arg mutation
(Figure 4(c)), in comparison with SoC, SoC+ chemotherapy
(HR 0.46, 95% CI 0.23–0.86) and SoC+ bevacizumab (HR
0.57, 95% CI 0.33–0.97) demonstrated more favorable
prognosis. Particularly, chemotherapy showed the worst
results in PFS, compared with SoC+ chemotherapy (HR
0.26, 95% CI 0.12–0.54), osimertinib (HR 0.29, 95% CI
0.11–0.72), SoC+ bevacizumab (HR 0.32, 95% CI 0.16–0.61),
SoC+monochemotherapy (HR 0.33, 95% CI 0.12–0.90),
SoC+ ramucirumab (HR 0.35, 95% CI 0.14–0.89), daco-
mitinib (HR 0.36, 95% CI 0.14–0.88), afatinib (HR 0.46, 95%
CI 0.27–0.78), and SoC (HR 0.56, 95% CI 0.37–0.81). From
the available comparisons, no other significant differences
could be found.

3.5. Overall Survival: Overall and Results Specific to Mutation
Type. For OS in all patients (Figure 4(d)), SoC had lower
efficacy than SoC+ chemotherapy (HR 0.66, 95% CI
0.47–0.92). No superior treatment could be found among

SoC+ chemotherapy, dacomitinib, afatinib, osimertinib,
chemotherapy, SoC, and SoC+ bevacizumab for patients
with mutations of 19del (Figure 4(e)) or 21 Leu858Arg
(Figure 4(f )).

3.6. Rank Probabilities. Bayesian ranking profiles of evalu-
ated treatments in different populations could be found in
Figure S2. In general, the Bayesian ranking results were
almost in line with the pooled analysis using HR. In terms of
PFS, in the overall population (Figure 5(a)) and patients with
19del mutation (Figure 5(b)), osimertinib was most likely to
rank first, with the cumulative probabilities of 41.89% and
45.73%, respectively. Nonetheless, for patients with 21
Leu858Arg mutation (Figure 5(c)), SoC + chemotherapy
demonstrated the most favorable PFS (30.81%). For OS,
SoC+ chemotherapy ranked at the top of the list for the
overall population (Figure 5(d)) and patients with 19del
mutation (Figure 5(e)), with the cumulative probabilities of
57.85% and 33.51%, respectively. For patients with 21
Leu858Arg mutation (Figure 5(f)), dacomitinib provided
the best OS (36.73%).

3.7. Inconsistency Assessment. ,e fit of the consistency
model was similar to or better than that of the inconsistency
model (Table S3). No significant differences in comparisons

1401
Studies identified from Pubmed

1644
Studies identified from Cochrane

295
Studies identified from ASCO.org

and ESMO.org

3694
Studies identified from Embase

2608
Duplicates excluded

4426
Studies for style screening

3053
Excluded studies 

2612 Conference abstracts (Not related to our Meta-analysis)
441 Reviews, case reports, Meta-analyses and other style studies 

1373
Studies for content screening

1354
Excluded studies 

96 Immunotherapy 
343 Other therapy strategies or mutation types (included

unclear EGFR mutation status)

117 Other outcomes
2 Full text is unavailable

175 Retrospective researches of TKIs
499 Non-randomised controlled trials of TKIs

81 Not first line TKIs treatment 
8 Single arm studies of TKIs
7 Protocols only

21 Data is reliable or outdated 
5 Without data of subgroup analysis 

19
Studies included in network Meta-analysis

Figure 1: Flowchart depicting the process of identifying the studies. ASCO : American Society of Clinical Oncology; ESMO : European
Society for Medical Oncology; EGFR: epidermal growth factor receptor; TKIs: tyrosine kinase inhibitors.
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could be found between direct and indirect estimates in the
node splitting analysis (P> 0.05) (Table S4).

4. Discussion

Compared with previous studies, our NMA showed the
following advantages. Firstly, our study ensured the ho-
mogeneity of the study population. Because some patients

harboring uncommon EGFR mutations were included in
some clinical trials, such as Lux-Lung-3 [43, 44] and Lux-
Lung-6 [44, 45], we ruled out this part of patients and only
included patients with common EGFRmutations in the final
analysis. Secondly, data extracted from some RCTs served as
a bridge to systematically explore the optimal treatment
drugs among six commonly used EGFR-TKIs and three
antivascular agents for patients with 19 deletion and 21
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Figure 2: Risk of bias assessment. (a) Risk of bias assessment: overall risk of bias for all included trials. (b) Risk of bias summary: overall risk
of bias for all included trials.
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Leu858Arg mutations, respectively. ,irdly, although many
previous NMAs analyzed some preferable choices for EGFR-
mutated advanced NSCLC based on different mutation
status [14], some important data were not available at that
time (these include final OS for FLAURA and NEJ026 study,
PFS for CTONG-1509, RELAY, and ACTIVE study)
[7, 8, 15–18].We conducted this NMA by further integrating
the latest information of RCTs in order to draw a more
compelling conclusion. Fourth, our NMA systematically
compared multiple therapeutic strategies, including three
different anti-VEGF agents, bevacizumab [12, 13, 15, 16, 29],
ramucirumab [17], and apatinib [18], not available in other
NMAs.

In NMA, we comprehensively compared the efficacy of
multiple first-line treatments, including all available EGFR-
TKIs, cytotoxic agents, and combination strategies for ad-
vanced NSCLC patients harboring two different common

EGFR mutations. ,e results suggested that osimertinib was
considered the optimal treatment strategy for all patients
and patients with EGFR exon 19 deletion in providing the
best PFS. First-generation EGFR-TKIs plus chemotherapy
was regarded as the best treatment strategy for patients with
EGFR exon 21 Leu858Arg mutation with the best PFS.
Combination treatment of first-generation EGFR-TKIs with
chemotherapy showed the best efficiency in terms of OS for
all patients and patients harboring EGFR exon 19 deletion.
AS for the best choice for patients with EGFR exon 21
Leu858Arg mutation in providing the best OS, two methods
employed by our NMA provided slightly different conclu-
sions: in pooled analysis (Figure 4(f)), first-generation
EGFR-TKIs plus chemotherapy was the best choice, but in
Bayesian ranking profiles (Figure 5(f)), dacomitinib was
considered the best. Given that the HR/OR for SoC+ che-
motherapy versus dacomitinib was equal to 1 and the

Afatinib

Dacomitinib

Osimertinib

SoC

SoC+Apatinib

SoC+Bevacizumab

SoC+Ramucirumab

SoC+Chemotherapy SoC+Mono-chemotherapy
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(a)

Afatinib
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(b)
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(c)

Afatinib
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Osimertinib
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SoC+Bevacizumab

SoC+Chemotherapy

Chemotherapy

(d)

Figure 3: Network diagrams of comparisons on different outcomes of treatments in different EGFR (epidermal growth factor receptor)
mutation type groups of patients with non-small cell lung cancer (NSCLC). (a) PFS among patients with 19 del mutation; (b) OS among
patients with 19 del mutation; (c) PFS among patients with 21L858R mutation; (d) OS among patients with 21L858R mutation. PFS:
progression-free survival; OS: overall survival; SoC: standard of care, representing first-generation EGFR-TKIs in this networkmeta-analysis
(including gefitinib, erlotinib, and icotinib).
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Figure 4: Continued.
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cumulative probabilities of dacomitinib (36.73%) and
SoC+ chemotherapy (32.56%) to rank the first were close,
we deduced that dacomitinib and SoC+ chemotherapy
could demonstrate similar performance in prolonging OS
for patients with EGFR exon 21 Leu858Arg mutation.
Combination treatments of first-generation EGFR-TKIs
with different anti-VEGF agents show the identical tendency
in providing better PFS for all patients (Figure 4(a)) and
patients harboring different common mutations
(Figures 4(b) and 4(c)) compared to SoC and chemotherapy:
first-generation EGFR-TKIs with bevacizumab was the best,
followed by ramucirumab and apatinib.

,e heterogeneity and inconsistency assessment sug-
gested that minor heterogeneities could be found in most
comparisons from one or two studies. ,e quality assess-
ment for included studies showed low-to-medium bias risk.
On the whole, the Bayesian ranking results were almost in
line with the pooled analysis using hazard and odds ratios.
,erefore, the results we got could be considered robust.

Osimertinib can provide long PFS and translate PFS
benefit to the improvement in OS due to its irreversible
inhibition of EGFR and additional inhibition of EGFR exon
20 ,r790Met mutated type EGFR, which accounts for
about 50–60% acquired resistance of first- and second-
generation EGFR-TKIs [46, 47]. ,e high efficiency of first-

generation EGFR-TKIs plus chemotherapy might be at-
tributed to this combination strategy which could effectively
cope with drug resistance. On the one hand, pemetrexed plus
gefitinib could prevent the resistance of gefitinib in EGFR
19del mutated NSCLC cell lines by avoiding the occurrence
of the EGFR exon 20 ,r790Met mutation or epithelial to
mesenchymal transition [48]. On the other hand, the
combination of erlotinib or gefitinib with pemetrexed can
prolong the benefits of patients with acquired resistance to
erlotinib or gefitinib [49]. Furthermore, gefitinib could re-
verse the chemotherapy resistance in the NSCLC cell line
[50]. ,erefore, whether osimertinib or the combination of
the first-line EGFR-TKIs with chemotherapy can be con-
sidered the optimized treatment strategy for advanced EGFR
mutated NSCLC patients.

As a secondary endpoint in most studies, OS is impacted
by multiple factors, and thus we mainly analyzed the dif-
ference of PFS in this NMA. Different statuses of EGFR
mutation might influence the choice of treatment strategies
for advanced EGFR mutated NSCLC patients in acquiring
the best PFS. Some studies imply that EGFR-TKIs are more
efficient in patients with 19del mutation than with 21
Leu858Arg mutation [51, 52]. A possible explanation might
be that the EGFR exon 21 Leu858Arg mutation is accom-
panied by a more frequent appearance of EGFR exon 20
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Figure 4: Pooled estimates of the network meta-analysis. Pooled odds ratios (95% credible intervals). Data in each cell are hazard or odds
ratios (95% credible intervals) for the comparison of row-defining treatment versus column-defining treatment. Hazard ratios less than 1
and odds ratios more than 1 favor row-defining treatment. Significant results are in bold. PFS: progression-free survival; OS: overall survival;
SoC: standard of care, representing first-generation EGFR-TKIs in this network meta-analysis (including gefitinib, erlotinib, and icotinib).
(a) PFS in all patients; (b) PFS in patients with 19del mutation; (c) PFS in patients with 21L858R mutation; (d) OS in all patients; (e) OS in
patients with 19del mutation; (f ) OS in patients with 21L858R mutation.
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Figure 5: Continued.
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,r790Met mutations [53, 54] and concomitant mutations
(such as TP53, PIK3CA, BRAF) [55], which are associated
with higher resistance and worse response of EGFR-TKIs
[56–59], compared with EGFR exon 19del mutation [59].
,erefore, the third-generation EGFR-TKI osimertinib
should be more efficient in patients harboring 19del mu-
tation because of its irreversible inhibition of EGFR, which is
consistent with our results (pooled odds ratio of osimertinib
versus SoC+ chemotherapy is 0.86, 0.36–1.91 in Figure 4(b),
and in Figure 5(b), osimertinib was most likely to rank the
first in 19del mutated patients). First-generation EGFR-TKIs
plus chemotherapy should bemore efficient in 21 Leu858Arg
mutated patients who are liable to show drug resistance due
to its effectively preventing patients from multimechanism
resistance to first-generation EGFR-TKIs [48], which is also
in accordance with our results (pooled odds ratio of
SoC+ chemotherapy versus osimertinib is 0.90, 0.31–2.47 in
Figure 4(c), and in Figure 5(c), SoC+ chemotherapy was
most likely to rank the first in 21 Leu858Arg mutated pa-
tients). Additionally, the optimized choice for all patients in
providing longer PFS is osimertinib, which might owe to the
amount of 19del mutated patients is larger than 21
Leu858Arg mutated patients in most selected RCTs (pooled
odds ratio of osimertinib versus SoC+ chemotherapy is 0.96,
0.55–1.68 in Figure 4(a), and in Figure 5(a), osimertinib was
most likely to rank the first in all patients).

In terms of OS, the first-generation EGFR-TKIs plus
chemotherapy shows the best efficiency for all patients and

patients harboring different mutation types, which might be
associated with the activation of chemotherapy to the im-
mune system (eliminating immunosuppression cells
[60, 61], generating memory T cells [62], etc.) and activated
immune system.

Our results were similar to previous findings. In terms
of PFS, Zhao et al. found that osimertinib and gefitinib
plus pemetrexed based chemotherapy were considered the
best treatment options for 19del mutated patients and 21
Leu858Arg mutated patients, respectively, which was in
consistent with our results [14]. As for OS, Zhao et al.
considered afatinib and dacomitinib were the most fa-
vorable treatments for 19del mutated patients and 21
Leu858Arg mutated patients respectively [14]. Zhao
et al.’s result of OS was slightly different from ours’ which
could be attributed to immature subgroup results of
NEJ009 study at that time [32]. In Alanazi et al.’s NMA,
osimertinib and dacomitinib ranked first in all patients in
terms of PFS and OS respectively, which was incongruent
with our findings [63]. It should be noted that combi-
nation treatment strategies were not included in their
research.

We have also found that the combination treatment of
first-generation EGFR-TKIs with different anti-VEGF
agents show the identical tendency in providing better PFS
for all patients and patients harboring different common
mutations: first-generation EGFR-TKIs with bevacizumab is
the best, with ramucirumab is the next and with apatinib is
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Figure 5: Surface under the cumulative ranking curve values for progression-free survival and overall survival. SUCRA values showing the
percentage of efficacy for each treatment to be ranked the first compared with an imaginary treatment that will be ranked first without
uncertainty. For each outcome, treatment with the highest SUCRA value is ranked the most efficacious. SUCRA: surface under the
cumulative ranking curve; PFS: progression-free survival; OS: overall survival; SoC: standard of care, representing first-generation EGFR-
TKIs in this network meta-analysis (including gefitinib, erlotinib, and icotinib). (a) PFS in all patients; (b) PFS in patients with 19del
mutation; (c) PFS in patients with 21L858R mutation; (d) OS in all patients; (e) OS in patients with 19del mutation; (f ) OS in patients with
21L858R mutation.
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the worst. ,e reasons for this tendency might be as follows:
(1) all selected RCTs about first-generation EGFR-TKIs plus
bevacizumab [12, 13, 15, 16, 29] are open-label, while the
RCTs about the combination with ramucirumab [17] or
apatinib [18] are double-blind, which might lead to over-
estimating the benefits of bevacizumab; (2) the molecular
structure of these anti-VEGF agents and their targets are
different. Bevacizumab is a VEGF targeted IgG1 monoclonal
antibody; ramucirumab is a VEGFR targeted IgG1 mono-
clonal antibody; apatinib is a VEGFR-TKIs, which might
have some influences on their efficacy (monoclonal antibody
could mediate antibody-dependent cell-mediated cytotox-
icity and opsonization, which could increase the apoptosis of
vascular endothelial and the elimination of VEGF,
respectively).

,ere are still some limitations in this study. Firstly,
this NMA uses some data from the experimental group or
control group in some studies as a “bridge” to indirectly
compare the advantages and disadvantages of different
treatment strategies. However, the most direct evidence
should come from a direct comparison of two or more
agents, and the indirect comparison results may be dis-
torted. Secondly, although our NMA suggests first-gen-
eration EGFR-TKIs combined with chemotherapy are the
optimal first-line treatment option for advanced NSCLC
patients harboring EGFR 21 Leu858Arg mutation, there is
no RCT comparing the second- or third-generation
EGFR-TKIs plus chemotherapy with chemotherapy or
other treatments, and whether chemotherapy combining
the second- or third-generation EGFR-TKIs would be
more effective than the first-generation, EGFR-TKI
should be further investigated. ,irdly, heterogeneity
might be influenced by the complexity of subsequent
treatment options in different trials when OS was con-
sidered the endpoint for evaluating the efficacy of various
treatment strategies. ,erefore, PFS was taken as the
primary endpoint in this meta-analysis. Finally, NSCLC
patients, with other driver gene changes or EGFR un-
common mutations, or patients of other kinds of cancer
with gene mutations also have the problem of “optimal
treatment,” which needs to be further studied by clinical
workers and researchers.

5. Conclusions

,is NMA suggests that osimertinib and first-generation
EGFR-TKIs combined with chemotherapy would be the
optimal first-line treatment option for advanced NSCLC
patients harboring EGFR 19 deletion mutation and 21
Leu858Arg mutation, respectively.
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