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AbstrAct
Objective
To compare the efficacy and safety of first line 
treatments for patients with advanced epidermal 
growth factor receptor (EGFR) mutated non-small cell 
lung cancer (NSCLC).
Design
Systematic review and network meta-analysis.
Data sOurces
PubMed, Embase, Cochrane Central Register of 
Controlled Trials, ClinicalTrials.gov, and several 
international conference databases, from inception to 
20 May 2019.
eligibility criteria fOr selecting stuDies
Published and unpublished randomised controlled 
trials comparing two or more treatments in the first 
line setting for patients with advanced EGFR mutated 
NSCLC were included in a bayesian network meta-
analysis. Eligible studies reported at least one of the 
following clinical outcome measures: progression free 
survival, overall survival, objective response rate, and 
adverse events of grade 3 or higher.
results
18 eligible trials involved 4628 patients and 12 
treatments: EGFR tyrosine kinase inhibitors (TKIs; 

osimertinib, dacomitinib, afatinib, erlotinib, gefitinib, 
and icotinib), pemetrexed based chemotherapy, 
pemetrexed free chemotherapy, and combination 
treatments (afatinib plus cetuximab, erlotinib plus 
bevacizumab, gefitinib plus pemetrexed based 
chemotherapy, and gefitinib plus pemetrexed). 
Consistent with gefitinib plus pemetrexed based 
chemotherapy (hazard ratio 0.95, 95% credible 
interval 0.72 to 1.24), osimertinib showed the most 
favourable progression free survival, with significant 
differences versus dacomitinib (0.74, 0.55 to 1.00), 
afatinib (0.52, 0.40 to 0.68), erlotinib (0.48, 0.40 to 
0.57), gefitinib (0.44, 0.37 to 0.52), icotinib (0.39, 
0.24 to 0.62), pemetrexed based chemotherapy (0.24, 
0.17 to 0.33), pemetrexed free chemotherapy (0.16, 
0.13 to 0.20), afatinib plus cetuximab (0.44, 0.28 
to 0.71), and gefitinib plus pemetrexed (0.65, 0.46 
to 0.92). Osimertinib and gefitinib plus pemetrexed 
based chemotherapy were also consistent (0.94, 
0.66 to 1.35) in providing the best overall survival 
benefit. Combination treatments caused more toxicity 
in general, especially erlotinib plus bevacizumab, 
which caused the most adverse events of grade 3 or 
higher. Different toxicity spectrums were revealed for 
individual EGFR-TKIs. Subgroup analyses by the two 
most common EGFR mutation types indicated that 
osimertinib was associated with the best progression 
free survival in patients with the exon 19 deletion, and 
gefitinib plus pemetrexed based chemotherapy was 
associated with the best progression free survival in 
patients with the Leu858Arg mutation.
cOnclusiOns
These results indicate that osimertinib and gefitinib 
plus pemetrexed based chemotherapy were 
associated with the best progression free survival and 
overall survival benefits for patients with advanced 
EGFR mutated NSCLC, compared with other first line 
treatments. The treatments resulting in the best 
progression free survival for patients with the exon 19 
deletion and Leu858Arg mutations were osimertinib 
and gefitinib plus pemetrexed based chemotherapy, 
respectively.
systematic review registratiOn
PROSPERO CRD42018111954.

Introduction
Lung cancer is the leading cause of cancer related deaths 
worldwide, and non-small cell lung cancer (NSCLC) 
accounts for about 85% of overall reported cases.1 
A clinically significant proportion of patients with 
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WhAt Is AlreAdy knoWn on thIs topIc
The current standard of first line care for patients with advanced epidermal 
growth factor receptor (EGFR) mutated non-small cell lung cancer (NSCLC) 
is treatment with EGFR tyrosine kinase inhibitors (TKIs; eg, osimertinib, 
dacomitinib, afatinib, erlotinib, and gefitinib); however, acquired drug resistance 
inevitably develops
For further improved outcomes, biologically synergistic combinations building on 
the foundation treatment of EGFR-TKIs were investigated as first line options
Previous studies have implied that the EGFR exon 19 deletion and Leu858Arg 
mutations should be considered as distinct biological and clinical entities

WhAt thIs study Adds
Osimertinib and gefitinib plus pemetrexed based chemotherapy were shown 
to be similar to the optimal treatments for patients with EGFR mutated NSCLC, 
and were preferentially recommended to patients with exon 19 deletion or 
Leu858Arg, respectively
Combination treatments caused more toxicity in general, especially erlotinib plus 
bevacizumab caused the most adverse events of grade 3 or higher; EGFR-TKIs 
were associated with different toxicity spectrums
The current findings might help the decision making process between patients 
and clinicians, regarding combination treatments for patients with advanced 
EGFR mutated NSCLC, and the most suitable treatments for patients with the two 
most common EGFR mutations
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NSCLC have epidermal growth factor receptor (EGFR) 
mutations, especially those who are women, never 
smokers, east Asians, and adenocarcinoma.2 Over the 
past few decades, front treatments for these patients at 
advanced stage have evolved from the empirical use of 
cytotoxic treatments to target regimens that are known 
as EGFR tyrosine kinase inhibitors (TKIs), owing to 
their clinical benefits.3 So far, multiple generation 
EGFR-TKIs have been developed (including erlotinib, 
gefitinib, and icotinib (first generation); dacomitinib 
and afatinib (second generation); and osimertinib 
(third generation)), and most of these TKIs have been 
established as standard first line treatments.4 However, 
durable responses of EGFR-TKIs remain a perennial 
challenge for the inevitable development of acquired 
resistance.5-8 Biologically synergistic combinations 
of EGFR-TKIs with other treatments in different 
mechanisms of action, including chemotherapies, 
monoclonal antibodies, immunotherapies, and some 
pathway inhibitors have been investigated as first line 
options to overcome resistance and prolong survival.9 
With these developments, questions regarding the 
relative efficacy and safety between any two of the 
multiple first line treatments have emerged.

Furthermore, previous studies have implied that the 
exon 19 deletion and Leu858Arg mutations accounting 
for about 90% of EGFR mutations,10 11 should be 
considered distinct biological and clinical entities.12 13 
Therefore, the ideal treatment could differ in patients 
stratified by these two common EGFR mutations, 
although this hypothesis has not yet been investigated.

Several dozen randomised controlled trials and  
pairwise meta-analyses using only the direct compa-
rison model have been conducted for conclusive 
evidence about the comparative efficacy and safety of 
first line treatments for patients with advanced EGFR 
mutated NSCLC. However, they have been unable to 
address the aforementioned problems. Network meta-
analysis, which synthesises evidence from direct and 
indirect comparisons, is therefore needed to determine 
the best available treatments.14 Previous network meta-
analyses have only partly compared treatments for 
patients with advanced EGFR mutated NSCLC but they 
have not incorporated recent alternative treatments 
or available trials and have not been specific enough 
in regards to accurate treatment profiles for tumours 
with different subtype mutations.15-18 With a well 
designed and comparative synthesis, we performed 
this network meta-analysis of randomised controlled 
trials to investigate the relative efficacy and safety of 
all first line treatments in patients with advanced EGFR 
mutated NSCLC, and then a subgroup analysis by 
EGFR mutation type (exon 19 deletion and Leu858Arg 
mutations) to identify the best clinical choice.

Methods
This network meta-analysis was performed following 
the PRISMA (preferred reporting items for systematic 
reviews and meta-analyses) extension statement for 
network meta-analysis (supplementary table S1).19 
Frequentist and bayesian approaches are two typical 

models fitting network meta-analysis. We have applied 
bayesian network meta-analysis for its advantages of 
accommodating complex situations (such as its ability 
to account for the effect of study specific covariates, 
resulting in exact estimates in the presence of limited 
information), and it offers a more straightforward 
method for conducting probabilistic statements and 
predictions on the treatment effects.20 The proto-
col was registered in the Prospective Register of 
Systematic Reviews (PROSPERO CRD42018111954). 
Institutional review board exemption was granted for 
the innocuousness of the review study.

Data sources and searches
We searched PubMed, Embase, the Cochrane Central 
Register of Controlled Trials, and ClinicalTrials.gov 
databases to find relevant articles up to 20 May 2019 in 
all languages using a combination of the main search 
terms “NSCLC” and “EGFR” within the restriction limit 
of “randomized controlled trial.” Then, to include 
complete and updated outcomes, abstracts and 
presentations of ongoing randomised controlled trials 
on lung cancer from several of the most important 
international conferences (American Society of Clinical 
Oncology, European Society of Medical Oncology, 
European Cancer Conference, and World Conference 
on Lung Cancer) from 2014 to 2018 were inspected. 
Finally, the reference lists of the relevant articles were 
checked for additional articles. The detailed search 
strategy is presented in supplementary table S2.

study selection
We included published and unpublished phase II/III 
randomised controlled trials that met the following 
criteria:

•	 Trials that enrolled patients with histologically or 
cytologically confirmed advanced (stage III/IV/
recurrent) NSCLC with EGFR activating mutations

•	 Trials that compared any two or more different 
arms of first line treatments for patients with 
EGFR mutated NSCLC 

•	 Trials that reported on at least one of the following 
clinical outcome measures: 
•	 Progression free survival, defined as the 

time from randomisation to first progression 
(locoregional or distant) or death 

•	 Overall survival, defined as the time from 
randomisation until death from any cause 

•	 Objective response rate, defined as the 
proportion of patients achieving an objective 
response

•	 Toxicity regarding adverse events of grade 3 
or higher, or specific adverse events defined 
and graded by the National Cancer Institute’s 
common terminology criteria for adverse 
events. 

Studies not adhering to the inclusion criteria were 
excluded. Other exclusion criteria were: 

•	 Trials reporting results for patients with EGFR 
mutated NSCLC from a subgroup analysis that was 
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a potential source of uncertain randomisation and 
therefore bias if patients failed to be originally 
randomised, owing to the heterogeneity of patient 
characteristics 

•	 Trials in which EGFR TKIs were used as main-
tenance or neoadjuvant treatments, or as sequen-
tial treatments with chemotherapy

•	 Trials comparing treatments that have not been 
approved by any food and drug administration. 

All study periods and durations of follow-up were 
eligible, and some updated data from mature or long 
term follow-up of an original article were used. Titles 
and abstracts were screened, and the full text of 
potentially eligible articles were sequentially assessed 
for final inclusion.

Data extraction and risk of bias assessment
Data on trial details (eg, study ID, first author, 
publication year, number of patients, and patient 
characteristics), treatments, and outcomes were 
extracted into a spreadsheet. Survival data assessed 
by the independent review facility were preferably 
extracted to avoid potential assessment bias by 
investigators. We preferred the use of treatment related 
adverse events, but if not specified as treatment related, 
we used all adverse events. ClinicalTrials.gov and other 
available sources were evaluated for the most recent 
and complete data. We also contacted study authors 
and pharmaceutical companies if important data were 
unclear or not reported. 

The dominant histological type of EGFR mutated 
NSCLC was non-squamous carcinoma, in which 
pemetrexed yields better efficacy than other third 
generation chemotherapy drugs,21 22 so the pemetrexed 
based and pemetrexed free chemotherapies were 
considered separately in comparison arms, and des-
cribed as monotherapies to optimise the network. 
Moreover, as the strategy of chemotherapy used in 
combination with gefitinib in the JMIT study23 was 
pemetrexed only, differing from the NEJ00924 and Han 
et al25 studies (which additionally used platinum), we 
regarded gefitinib plus pemetrexed in the JMIT study 
and gefitinib plus pemetrexed based chemotherapy in 
the other two studies as two single arms to eliminate 
discrepancy in estimation. In the FLAURA study,26 the 
control arm of standard EGFR TKIs grouped erlotinib 
and gefitinib together. We assumed that they showed 
the same outcomes when compared with osimertinib, 
respectively. If necessary, we used the reported ratio 
of erlotinib versus gefitinib (34%;66%) in the control 
arm to distribute patients taking osimertinib to create 
a sample match.

We assessed risk of bias of individual studies using 
the Cochrane Risk of Bias Tool,27 which is based on 
the following domains: random sequence generation, 
allocation concealment, blinding of participants 
and personnel, blinding of outcome assessment, 
incomplete outcome data, selective outcome reporting, 
and other sources of bias. Items were scored as low, 
high, or unclear risk of bias.

All investigators independently conducted study 
selection and data extraction. Two investigators 
(YZ and JL) independently assessed risk of bias of 
individual studies. Any discrepancies were resolved by 
consensus and arbitration by a panel of adjudicators 
(YZ, JL, XC, ZP, WL, and JH).

Data synthesis and statistical analysis
We synthesised all direct and indirect evidence to 
compare different treatments in terms of efficacy and 
safety, reported as hazard ratios for survival outcomes 
(progression free survival and overall survival) and 
odds ratios for binary outcomes (objective response 
rate and grade ≥3 adverse events) along with corres-
ponding 95% credible intervals. The primary outcome 
was progression free survival. Secondary outcomes 
were overall survival, objective response rate, and 
adverse events of grade 3 or higher.

In Stata (version 14.0), we generated network plots 
for different outcomes of different targeted patients to 
illustrate the geometries, to clarify which treatments 
were compared directly or indirectly in the included 
studies.28 We did frequentist, fixed effects, pairwise 
meta-analysis on head-to-head comparisons based on 
two or more trials. We assessed heterogeneity between 
studies using the Q test and I2 statistic within a visual 
forest plot.29 Statistical significance was set at a P value 
of 0.05. Heterogeneity was considered low, moderate, 
or high for estimated I2 values under 25%, between 
25% and 50%, and over 50%, respectively.29

Network meta-analyses in the analyses for patients 
with advanced EGFR mutated NSCLC (including 
subgroup analyses based on exon 19 deletion and 
Leu858Arg mutation subtypes) were performed in a 
bayesian framework using a Markov Chain Monte Carlo 
simulation technique in OpenBUGS (version 3.2.3). 
The fixed effects consistency model was used, as most 
direct evidence was from one trial.7 We used non-
informative uniform and normal prior distributions30 
and three different sets of initial values to fit the model. 
For progression free survival and overall survival 
effects, 150 000 sample iterations were generated 
with 100 000 burn-ins and a thinning interval of 1. 
For objective response rate and toxic effects, 100 000 
was added in both sample iterations and burn-ins, and 
the thinning interval was increased to 10 to minimise 
autocorrelation. 

We evaluated convergence of iterations by visual 
inspection of the three chains to establish homogenous 
parameter estimates and in accordance with the 
Brooks-Gelman-Rubin diagnostic (supplementary fig  
S1).31 Once convergence was established, the post-
erior distributions for the model parameters were 
obtained as the output of the network meta-analysis 
estimate (hazard/odds ratio and the corresponding 
95% credible interval). In the presence of minimally 
informative priors, credible intervals can be interpreted 
like conventional confidence intervals.20 Within the 
bayesian framework, the network meta-analysis 
estimated the overall rankings of treatments by 
calculating the surface under the cumulative ranking 
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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.20

Two key assumptions underlying the network 
meta-analysis are transitivity (the exchangeability 
across studies to compare two treatments via a third 
one) and consistency (that the direct and indirect 
estimates are statistically similar).14 We minimised 
issues arising from potential lack of transitivity by 
only including randomised controlled trials with strict 
patient allocation, and optimised balance to address 
all treatments for the same condition. Transitivity 
was evaluated by use of descriptive statistics for study 
and population baselines, such as sample size, age, 
sex, and drug dose.32 Pairwise meta-analyses in a 
bayesian framework were also performed with results 
complemented by those in frequentist framework 
to contrast the corresponding pooled hazard or 
odds ratios from the network meta-analyses for the 
evaluation of local inconsistency; we evaluated global 
inconsistency by comparing the fit of consistency and 
inconsistency models.33 34 The node splitting approach 
was used to calculate the inconsistency of the model, 
where direct and indirect evidence were separately 
contrasted on a particular comparison (node).

To assess the robustness and reliability of results, we 
planned several sensitivity analyses. The first analysis 
restricted phase III randomised controlled trials. The 
second analysis excluded the FLAURA study26 in 
order to check the effect of the adjustments made for 
synthesis of unspecified data on the results. The third 
analysis stratified patients as Asian and non-Asian to 
observe the influence of patient ethnicity. Subgroup 
analyses by the two common EGFR mutation types 
were also conducted in the first and second sensitivity 
analyses.

Patient and public involvement
No patients were involved in setting the research 
question or the outcome measures, nor were they  
involved in developing plans for design and imple-
mentation of the study. No patients were asked to 
advise on interpretation or writing up of results. There 
are no plans to disseminate the results of the research to 
study participants or the relevant patient community.

results
systematic review and characteristics
We identified 1981 records from the initial title and 
abstract screening, and retrieved and reviewed 128 
reports in full text (fig 1). Finally, 18 randomised 
controlled trials12 13 23-26 35-47 were deemed eligible 
for inclusion with a total of 4628 patients enrolled to 
receive 12 different treatments including EGFR TKIs 
(osimertinib, dacomitinib, afatinib, erlotinib, gefitinib, 
and icotinib), pemetrexed based chemotherapy, 
pemetrexed free chemotherapy, and combination 
treatments (afatinib plus cetuximab, erlotinib plus 
bevacizumab, gefitinib plus pemetrexed based 
chemotherapy, and gefitinib plus pemetrexed). 
The networks are presented in figure 2. The main 

characteristics of all studies are reported in table 
1. The assumption of transitivity was accepted 
because no variability was identified in the study 
and population baselines (supplementary fig S2). 
Supplementary figure S3 summarises the detailed risk 
of bias assessments.

network meta-analysis in advanced egfr mutated 
nsclc
Network meta-analysis included all treatments for 
progression free survival and overall survival (fig 2A), 
10 treatments for objective response rate, and 11 
treatments for adverse events of grade 3 or higher (fig 
2B). We used data from trials48-54 with longer follow-up 
than previously published.

In terms of progression free survival (fig 3A), 
osimertinib yielded not only the best benefit of all 
EGFR-TKIs monotherapies (versus dacomitinib (hazard 
ratio 0.74, 95% credible interval 0.55 to 1.00), 
afatinib (0.52, 0.40 to 0.68), erlotinib (0.48, 0.40 
to 0.57), gefitinib (0.44, 0.37 to 0.52), and icotinib 
(0.39, 0.24 to 0.62)), but also significant benefits 
versus afatinib plus cetuximab (0.44, 0.28 to 0.71) 
and gefitinib plus pemetrexed (0.65, 0.46 to 0.92). 
Gefitinib plus pemetrexed based chemotherapy was 
shown to be consistent with osimertinib (0.95, 0.72 
to 1.24) in providing the best progression free sur-
vival. Pemetrexed based chemotherapy significantly 
prolonged progression free survival compared 
with pemetrexed free chemotherapy (0.68, 0.50 to 
0.91), although both were shown to have the worst 
progression free survival versus other treatments.

In terms of overall survival (fig 3A), osimertinib and 
gefitinib plus pemetrexed based chemotherapy were 
also consistent (hazard ratio 0.94, 95% credible interval 
0.66 to 1.35) in providing the best overall survival 
benefit; significant differences were also observed 
when compared with most other monotherapies. 
Similar efficacy was found between dacomitinib and 
afatinib, and among erlotinib, gefitinib, icotinib, 
pemetrexed based chemotherapy, pemetrexed free 
chemotherapy, and afatinib plus cetuximab, because 
the hazard ratios were close to 1.

In terms of objective response rate (fig 3B), no 
significant difference was observed in any comparable 
EGFR-TKI monotherapies, however, EGFR-TKIs pro-
duced significant objective response rate benefits over 
chemotherapy. For multiple comparisons, the addition 
of pemetrexed based chemotherapy to gefitinib 
significantly increased objective response rate over 
gefitinib alone (odds ratio 2.75, 95% credible interval 
1.41 to 5.43). Furthermore, gefitinib plus pemetrexed 
based chemotherapy was likely to be the best treatment 
in achieving an objective response.

We saw less toxicity related to EGFR-TKIs among 
the comparable treatments, particularly icotinib and 
osimertinib, which had the fewest and second fewest 
adverse events of grade 3 or higher, respectively (fig 
3B). Afatinib was noted with the most adverse events 
of grade 3 or higher, compared with other EGFR-TKIs. 
More than 120 different types of specific adverse 
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events were reported, of which 16 were selected as 
a representation of the most clinically relevant in 
current practice. Commonly reported adverse events 
for EGFR-TKIs included rash, diarrhoea, stomatitis, 
paronychia, dry skin, liver dysfunction, and interstitial 
lung disease, which were different from those of 
conventional chemotherapy (supplementary fig S4). 

We also saw differences regarding the probability 
of these specific adverse events among TKIs (supple-
mentary fig S5). Afatinib had the greatest probability 
to cause rash, diarrhoea, and stomatitis, followed 
by dacomitinib. Dacomitinib was associated with 
the highest risk of paronychia and dry skin. Osimer-
tinib, erlotinib, and gefitinib had relatively mild 
toxicity spectrums; nevertheless, liver dysfunction 
was predominant for gefitinib, and gefitinib and 
dacomitinib caused more interstitial lung disease. 
Icotinib had the narrowest and safest toxicity 
spectrum. 

The addition of other treatments to an EGFR-
TKI, such as erlotinib plus bevacizumab versus 
erlotinib (odds ratio 8.33, 95% credible interval 
2.78 to 25.00) and gefitinib plus pemetrexed based 
chemotherapy versus gefitinib (4.17, 0.97 to 16.67), 
was associated with an increase in the risk of adverse 
events of grade 3 or higher. Furthermore, in the 
multiple comparisons, erlotinib plus bevacizumab 
was likely to produce the most adverse events of 
grade 3 or higher (fig 3B).

subgroup analysis by egfr mutation type (exon 19 
deletion and leu858arg mutations)
Regarding the outcomes in patients with the exon 19 
deletion or Leu858Arg mutations, only progression 
free survival and overall survival network meta-
analyses could be conducted while 11 treatments 
and eight treatments were available for comparison, 
respectively (fig 2C). Treatments providing the best 
benefit differed in the two subgroups.

In terms of progression free survival (fig 4A), 
osimertinib showed superiority in the exon 19 deletion 
subgroup, while gefitinib plus pemetrexed based 
chemotherapy showed superiority in the Leu858Arg 
subgroup. The comparison between the exon 19 
deletion and Leu858Arg subgroups showed more 
pronounced differences among EGFR-TKIs for the exon 
19 deletion subgroup, and between pemetrexed based 
chemotherapy and pemetrexed free chemotherapy for 
the Leu858Arg subgroup.

In terms of the overall survival (fig 4B), for exon 
19 deletion subgroup, the significant differences 
in afatinib versus erlotinib (hazard ratio 0.66, 95% 
credible interval 0.44 to 1.00), pemetrexed based 
chemotherapy (0.54, 0.36 to 0.80), and pemetrexed 
free chemotherapy (0.68, 0.51 to 0.92), and the 
marginal difference in afatinib versus gefitinib (0.78, 
0.58 to 1.04) were in favour of afatinib as the best 
option among the comparable treatments. For the 
Leu858Arg subgroup, we saw no significant difference 

Additional records identified through registers,
international conferences, and other sources

Studies excluded
Non-randomised controlled trials
Protocols only
Single arm studies
Studies with outdated preliminary results
Study without eligible population
Not first line regimens
Studies assessing treatment order
Other clinical outcomes

29
3

16
9

15
20

8
10

Studies for title and abstract screening

Studies identified through
database searching

Excluded studies

Full text studies assessed for eligibility

Studies included in network meta-analysis

110

570

128

1411

1910

1782

71

18

Duplicates excluded

fig 1 | study selection
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in any two comparisons, with most hazard ratios close 
to 1. Dacomitinib showed possible increased efficacy.

rank probabilities
Figure 5 and figure 6 show the bayesian ranking 
profiles of comparable treatments in different popula-
tions (with detail ranking results summarised in 
supplementary table S3). The bayesian ranking results 
were almost in line with the pooled analyses using 
hazard and odds ratios. For patients with advanced 
EGFR mutated NSCLC, osimertinib was most likely to 
be ranked first for progression free survival (cumulative 
probability 57%), gefitinib plus pemetrexed based 
chemotherapy for both overall survival (49%) and 
objective response rate (75%), and erlotinib plus 
bevacizumab for adverse events of grade 3 or higher 

(80%; fig 5). Icotinib had the highest probability (80%) 
of ranking last in causing adverse events of grade 3 or 
higher followed by osimertinib. When EGFR mutation 
types were considered (fig 6), treatments with the 
greatest probability of being ranked first were different: 
osimertinib for the exon 19 deletion subgroup (56%) 
and gefitinib plus pemetrexed based chemotherapy for 
the Leu858Arg subgroup (98%) in terms of progression 
free survival; and afatinib for the exon 19 deletion 
(45%) subgroup and dacomitinib for the Leu858Arg 
subgroup (36%) in terms of overall survival.

Heterogeneity and inconsistency assessment
Forest plots of four feasible pairwise comparisons with 
heterogeneity estimates were generated in supple-
mentary figure S6. Our assessment suggested minimal 

Dacomitinib
(227)(227)

Afatinib
(716)(716)

Erlotinib
(644)(530)

Gefitinib
(1129)(1129)

Icotinib
(148)(148)
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fig 2 | network diagrams of comparisons on different outcomes of treatments in different groups of patients with advanced epidermal growth factor 
receptor (egfr) mutated non-small cell lung cancer (nsclc). (a) comparisons on progression free survival and overall survival in patients with 
advanced egfr mutated nsclc. (b) comparisons on objective response rate and adverse events of grade 3 or higher in patients with advanced egfr 
mutated nsclc. (c) comparisons on progression free survival and overall survival in subgroups of study patients with exon 19 deletion (ex19del) 
and leu858arg mutation types. each circular node represents a type of treatment. the node size is proportional to the total number of patients 
receiving a treatment (in brackets). each line represents a type of head-to-head comparison. the width of lines is proportional to the number of trials 
comparing the connected treatments. Pbct=pemetrexed based chemotherapy; Pfct=pemetrexed free chemotherapy
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table 1 | baseline characteristics of studies included in the network meta-analysis of patients with advanced epidermal growth factor receptor (egfr) 
mutated non-small cell lung cancer

study  
(phase, ethnicity)

sample  
size (no);  
median age female (%)

egfr mutation

intervention arm control arm reported outcomes
exon 19 
deletion leu858arg

NEJ026 201935  
(III, Asian)

114/114; 
67/68

63.4/65.2 50/48 50/50 Erlotinib 150 mg once a day 
+ bevacizumab 15 mg/kg 
every 3 weeks

Erlotinib 150 mg once a day Progression free survival†,  
objective response rate, grade 
≥3 AEs

SWOGS1403 201836 
(II, NG)

86/84; NG NG NG NG Afatinib 40 mg once a day 
+ cetuximab 500 mg/m2 
every 2 weeks

Afatinib 40 mg once a day Progression free survival, overall 
survival

NEJ009 201824  
(III, Asian)

170/172; 
64.1/64.8*

62.8/67.1 NG NG Gefitinib 250 mg once a day 
+ PbCT (carboplatin AUC 5 
+ pemetrexed 500 mg/m2 
every 3 weeks (4-6 cycles) 
+ pemetrexed 500 mg/m2 
every 3 weeks)

Gefitinib 250 mg once a day Progression free survival, overall 
survival, objective response rate, 
grade ≥3 AEs

FLAURA 201826  
(III, multiple)

279/277; 
64.0/64.0

64.0/62.0 63/63 37/37 Osimertinib 80 mg once 
a day

Gefitinib 250 mg once a day Progression free survival†,  
overall survival, objective  
response rate, grade ≥3 AEs63/63 37/37 Osimertinib 80 mg once 

a day
Erlotinib 150 mg once a day

ARCHER1050 201738 48 
(III, multiple)

227/225; 
62.0/61.0

64.0/56.0 59/59 41/41 Dacomitinib 45 mg once 
a day

Gefitinib 250 mg once a day Progression free survival†,  
overall survival†, objective 
response rate, grade ≥3 AEs

CONVINCE 201737  
(III, Asian)

148/137; 
56.0/56.0

70.9/69.3 50/50 43/39 Icotinib 125 mg three  
times a day

PbCT (cisplatin 75 mg/m2 
+ pemetrexed 500mg/m2 
every 3 weeks (4 cycles) + 
pemetrexed 500 mg/m2 every 
3 weeks)

Progression free survival†,  
overall survival†, grade ≥3 AEs

Han et al 201725  
(II, Asian)

40/40; NG 62.5/57.5 53/50 48/50 Gefitinib 250 mg once a day 
+ PbCT (carboplatin AUC=5 
+ pemetrexed 500 mg/m2 
every 4 weeks (6 cycles) 
+ pemetrexed 500 mg/m2 
every 4 weeks)

PbCT (carboplatin AUC=5 
+ pemetrexed 500 mg/m2 
every 4 weeks (6 cycles) + 
pemetrexed 500 mg/m2 every 
4 weeks)

Progression free survival†,  
overall survival, objective 
response rate

40/41; NG 62.5/56.1 53/51 48/49 Gefitinib + PbCT Gefitinib 250 mg once a day
41/40; NG 56.1/57.5 51/50 49/50 Gefitinib PbCT

CTONG0901 201739 
(III, Asian)

81/84; NG 46.9/53.1 58/58 42/42 Erlotinib 150 mg once  
a day

Gefitinib 250 mg once a day Progression free survival, overall 
survival, objective response rate, 
grade ≥3 AEs

JMIT 201623 49  
(II, Asian)

126/65; 
62.0/62.0

65.0/63.0 52/62 41/35 Gefitinib 250 mg once a day 
+ pemetrexed 500 mg/m2 
every 3 weeks

Gefitinib 250 mg once a day Progression free survival†,  
overall survival, objective  
response rate, grade ≥3 AEs

LUX-Lung7 201641 50 
(IIB, multiple)

160/159; 
63.0/63.0

57.0/67.0 58/58 42/42 Afatinib 40 mg once a day Gefitinib 250 mg once a day Progression free survival†,  
overall survival†, objective 
response rate, grade ≥3 AEs

ENSURE 201513  
(III, Asian)

110/107; 
57.5/56.0

61.8/60.7 52/57 48/43 Erlotinib 150 mg once  
a day

PfCT (gemcitabine 1250 mg/m2 
+ cisplatin 75 mg/m2 every 3 
weeks (≤4 cycles))

Progression free survival†,  
overall survival†, objective 
response rate, grade ≥3 AEs

JO25567 201442 51  
(II, Asian)

75/77; 
67.0/67.0

60.0/66.0 53/52 47/48 Erlotinib 150 mg once a day 
+ bevacizumab 15 mg/kg 
every 3 weeks

Erlotinib 150 mg once a day Progression free survival†,  
overall survival†, objective 
response rate, grade ≥3 AEs

LUX-Lung6 201443  
(III, Asian)

242/122; 
58.0/58.0

64.0/68.0 51/51 38/38 Afatinib 40 mg once a day PfCT (gemcitabine 1000 mg/m2 
+ cisplatin 75 mg/m2 every 3 
weeks (≤6 cycles))

Progression free survival†,  
overall survival†, objective 
response rate, grade ≥3 AEs

LUX-Lung3 201312  
(III, multiple)

230/115; 
61.5/61.0

63.9/67.0 49/50 40/41 Afatinib 40 mg once a day PbCT (cisplatin 75 mg/m2 + 
pemetrexed 500mg/m2 every 
3 weeks (≤6 cycles))

Progression free survival†,  
overall survival†, objective 
response rate, grade ≥3 AEs

EURTAC 201244  
(III, non-Asian)

86/87; 
65.0/65.0

67.0/78.0 66/67 34/33 Erlotinib 150 mg once a day PfCT (cisplatin 75 mg/m2 + 
docetaxel 75 mg/m2/ 
gemcitabine 1250 mg/m2 
every 3 weeks)

Progression free survival†,  
overall survival†, objective 
response rate, grade ≥3 AEs

OPTIMAL 201145 52  
(III, Asian)

83/72; 
57.0/59.0

59.0/60.0 52/54 48/46 Erlotinib 150 mg once a day PfCT (gemcitabine 1000 mg/m2  
+ cisplatin AUC=5 every 3 
weeks (≤4 cycles))

Progression free survival†,  
overall survival†, objective 
response rate, grade ≥3 AEs

NEJ002 201046 53  
(III, Asian)

114/110; 
63.9/62.6*

63.2/64.0 51/54 43/44 Gefitinib 250 mg once a day PfCT (paclitaxel 200 mg/m2 
+ carboplatin AUC=6 every 3 
weeks (≥3 cycles))

Progression free survival†,  
overall survival†, objective 
response rate, grade ≥3 AEs

WJTOG3405 200947 54 
(III, Asian)

86/86; 
64.0/64.0

68.6/69.8 58/43 42/47 Gefitinib 250 mg once a day PfCT (cisplatin 80 mg/m2 + 
docetaxel 60 mg/m2 every 3 
weeks (3-6 cycles))

Progression free survival†,  
overall survival†, objective 
response rate

Data are expressed as intervention/control unless indicated otherwise. AE=adverse events; NG=not given; AUC=area under the concentration-time curve; PbCT=pemetrexed based chemotherapy; 
PfCT=pemetrexed free chemotherapy.
*Mean age was given instead of median age.
†Information of outcomes for exon 19 deletion and Leu858Arg mutation subgroups are also reported in trials.
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(I2=0%) or low heterogeneity in half of all comparisons 
regarding different outcomes in overall and subgroup 

populations. However, moderate to high heterogeneity 
was detected in comparisons of:

O
ve

ra
ll 

su
rv

iv
al

Progression free survivalA

Osi 0.74
(0.55 to 1.00)

0.52
(0.40 to 0.68)

0.48
(0.40 to 0.57)

0.44
(0.37 to 0.52)

0.39
(0.24 to 0.62)

0.44
(0.28 to 0.71)

0.84
(0.60 to 1.16)

0.95
(0.72 to 1.24)

0.65
(0.46 to 0.92)

0.24
(0.17 to 0.33)

0.16
(0.13 to 0.20)

Dac 0.70
(0.52 to 0.95)

0.65
(0.48 to 0.87)

0.59
(0.47 to 0.75)

0.52
(0.31 to 0.86)

0.60
(0.36 to 0.98)

1.13
(0.75 to 1.69)

1.27
(0.93 to 1.74)

0.88
(0.60 to 1.28)

0.32
(0.22 to 0.46)

0.22
(0.16 to 0.29)

1.21
(0.83 to 1.76)

Afa 0.92
(0.72 to 1.18)

0.84
(0.69 to 1.02)

0.74
(0.48 to 1.14)

0.85
(0.57 to 1.26)

1.61
(1.10 to 2.32)

1.81
(1.38 to 2.38)

1.25
(0.87 to 1.78)

0.45
(0.35 to 0.58)

0.31
(0.25 to 0.38)

1.32
(0.97 to 1.80)

1.10
(0.79 to 1.54)

0.91
(0.76 to 1.09)

0.81
(0.50 to 1.29)

0.93
(0.58 to 1.47)

1.74
(1.33 to 2.28)

1.97
(1.50 to 2.58)

1.36
(0.95 to 1.92)

0.49
(0.36 to 0.68)

0.33
(0.28 to 0.40)

1.59
(1.23 to 2.06)

1.33
(0.94 to 1.87)

1.21
(0.93 to 1.55)

Gef 0.88
(0.56 to 1.37)

1.02
(0.65 to 1.57)

1.92
(1.37 to 2.66)

2.16
(1.76 to 2.65)

1.49
(1.11 to 2.00)

0.54
(0.41 to 0.71)

0.37
(0.31 to 0.43)

1.58
(1.22 to 2.04)

1.31
(1.00 to 1.73)

1.20
(0.99 to 1.45)

0.99
(0.81 to 1.23)

Ico 1.15
(0.64 to 2.04)

2.16
(1.25 to 3.73)

2.44
(1.53 to 3.90)

1.68
(0.99 to 2.86)

0.61
(0.43 to 0.87)

0.41
(0.26 to 0.66)

1.66
(1.04 to 2.66)

1.38
(0.85 to 2.25)

1.26
(0.85 to 1.85)

1.04
(0.67 to 1.62)

1.05
(0.70 to 1.58)

Afa+Cet 1.89
(1.10 to 3.23)

2.13
(1.32 to 3.43)

1.47
(0.86 to 2.86)

0.53
(0.34 to 0.85)

0.36
(0.23 to 0.57)

1.63
(0.77 to 3.45)

1.36
(0.63 to 2.90)

1.23
(0.62 to 2.44)

1.03
(0.49 to 2.12)

1.03
(0.51 to 2.10)

0.99
(0.45 to 2.16)

Erl+Bev 1.13
(0.77 to 1.65)

0.78
(0.50 to 1.21)

0.28
(0.19 to 0.43)

0.19
(0.14 to 0.27)

1.29
(0.79 to 2.10)

1.07
(0.63 to 1.84)

0.98
(0.60 to 1.58)

0.81
(0.54 to 1.22)

0.82
(0.51 to 1.30)

0.78
(0.43 to 1.43)

0.80
(0.34 to 1.86)

Gef+PbCT 0.69
(0.48 to 0.98)

0.25
(0.18 to 0.34)

0.17
(0.13 to 0.22)

0.94
(0.66 to 1.35)

0.78
(0.54 to 1.14)

0.71
(0.53 to 0.96)

0.59
(0.43 to 0.82)

0.60
(0.47 to 0.77)

0.57
(0.36 to 0.89)

0.59
(0.27 to 1.24)

0.73
(0.43 to 1.24)

Gef+P 0.36
(0.24 to 0.54)

0.25
(0.17 to 0.34)

1.22
(0.74 to 2.01)

1.01
(0.61 to 1.69)

0.92
(0.58 to 1.48)

0.77
(0.48 to 1.24)

0.77
(0.50 to 1.19)

0.74
(0.41 to 1.33)

0.76
(0.33 to 1.74)

0.95
(0.50 to 1.78)

1.29
(0.79 to 2.13)

PbCT 0.68
(0.50 to 0.91)

1.71
(1.18 to 2.48)

1.42
(0.96 to 2.10)

1.30
(1.01 to 1.66)

1.08
(0.77 to 1.50)

1.09
(0.82 to 1.43)

1.03
(0.77 to 1.39)

1.06
(0.50 to 2.20)

1.33
(0.78 to 2.26)

1.82
(1.30 to 2.56)

1.42
(0.84 to 2.36)

PfCT1.54
(1.17 to 2.04)

1.28
(0.92 to 1.77)

1.17
(0.95 to 1.43)

0.97
(0.80 to 1.17)

0.98
(0.82 to 1.16)

0.93
(0.61 to 1.42)

0.96
(0.46 to 1.96)

1.20
(0.76 to 1.89)

1.64
(1.21 to 2.21)

1.28
(0.79 to 2.02)

0.90
(0.67 to 1.22)

O
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Grade ≥3 adverse eventsB

Osi 0.33
(0.05 to 2.17)

0.43
(0.09 to 1.94)

0.57
(0.17 to 1.67)

0.81
(0.26 to 2.68)

2.92
(0.21 to 40.49)

0.07
(0.01 to 0.31)

0.20
(0.03 to 1.30)

0.24
(0.04 to 1.74)

0.45
(0.05 to 3.65)

0.17
(0.05 to 0.57)

Dac 1.33
(0.20 to 7.72)

1.75
(0.27 to 9.00)

2.48
(0.60 to 10.32)

8.92
(0.50 to 143.10)

0.21
(0.02 to 1.46)

0.60
(0.08 to 4.64)

0.75
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1.39
(0.13 to 13.40)

0.53
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0.99
(0.32 to 3.11)
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(0.34 to 4.54)
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6.77
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(0.03 to 0.81)

0.46
(0.08 to 3.04)

0.57
(0.09 to 4.04)

1.05
(0.25 to 4.42)

0.40
(0.12 to 1.22)

1.34
(0.54 to 3.38)

1.36
(0.46 to 3.93)

Erl 1.42
(0.56 to 4.40)

5.11
(0.45 to 66.63)

0.12
(0.04 to 0.36)

0.34
(0.07 to 2.25)

0.43
(0.07 to 3.00)

0.79
(0.12 to 5.83)

0.30
(0.14 to 0.67)

0.76
(0.36 to 1.62)

0.77
(0.27 to 2.19)

0.57
(0.27 to 1.23)

Gef 3.61
(0.30 to 39.41)

0.08
(0.02 to 0.34)

0.24
(0.06 to 1.03)

0.30
(0.07 to 1.41)

0.56
(0.08 to 3.32)

0.21
(0.07 to 0.51)

0.83
(0.44 to 1.74)

0.84
(0.34 to 2.05)

0.62
(0.34 to 1.15)

1.09
(0.61 to 1.98)
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(0.01 to 0.34)
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(0.00 to 1.18)
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(1.41 to 5.43)

- 2.25
(0.74 to 7.03)
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(0.16 to 19.05)

0.71
(0.11 to 3.97)
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(0.33 to 4.29)

1.20
(0.30 to 4.67)

0.88
(0.27 to 2.97)

1.55
(0.47 to 5.20)

1.42
(0.50 to 4.05)

- 1.17
(0.30 to 4.75)

0.52
(0.15 to 1.81)

0.38
(0.06 to 2.32)

0.25
(0.09 to 0.68)

0.26
(0.08 to 0.78)

0.19
(0.09 to 0.38)

0.33
(0.13 to 0.80)

0.31
(0.14 to 0.61)
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(0.08 to 0.77)

0.11
(0.05 to 0.25)

0.22
(0.06 to 0.75)

PfCT

Erl+Bev
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PbCT
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(0.09 to 0.46)

0.20
(0.07 to 0.57)

0.15
(0.08 to 0.30)
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(0.16 to 0.45)

0.24
(0.14 to 0.41)

- 0.20
(0.08 to 0.48)

0.09
(0.04 to 0.20)

1.17
(0.05 to 0.55)

0.78
(0.35 to 1.86)

Erl

fig 3 | Pooled estimates of the network meta-analysis. (a) Pooled hazard ratios (95% credible intervals) for progression free survival (upper triangle) 
and overall survival (lower triangle). (b) Pooled odds ratios (95% credible intervals) for adverse events of grade 3 or higher (upper triangle) and 
objective response rate (lower triangle). 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 favour row-defining treatment. significant 
results are in bold. Osi=osimertinib; Dac=dacomitinib; afa=afatinib; erl=erlotinib; gef=gefitinib; ico=icotinib; cet=cetuximab; bev=bevacizumab; 
gef+P=gefitinib plus pemetrexed; Pbct=pemetrexed based chemotherapy; Pfct=pemetrexed free chemotherapy
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•	 Erlotinib versus pemetrexed free chemotherapy 
for progression free survival (80.3%), objective 
response rate (83.9%), and adverse events of 
grade 3 or higher (82.0%)

•	 Gefitinib versus pemetrexed free chemotherapy 
for progression free survival (74.7%), overall 
survival (40.6%), and objective response rate 
(35.5%)

•	 Gefitinib plus pemetrexed based chemotherapy 
versus gefitinib for overall survival (77.6%) in 

patients with advanced EGFR mutated NSCLC
•	 Erlotinib versus pemetrexed free chemotherapy 

(41.8%), gefitinib versus pemetrexed free 
chemotherapy (56.6%), and erlotinib plus 
bevacizumab versus erlotinib (34.2%) for pro-
gression free survival in the exon 19 deletion 
subgroup

•	 Erlotinib versus pemetrexed free chemotherapy 
(43.3%) for progression free survival in the 
Leu858Arg subgroup. 
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fig 4 | Pooled estimates of subgroup analyses (patients stratified into exon 19 deletion and leu858arg subgroups). (a) Pooled hazard ratios (95% 
credible intervals) for progression free survival of exon 19 deletion (upper triangle) and leu858arg (lower triangle) subgroups. (b) Pooled hazard 
ratios (95% credible intervals) for overall survival of exon 19 deletion (upper triangle) and leu858arg (lower triangle) subgroups. Data in each cell 
are hazard ratios (95% credible interval) for the comparison of row-defining treatment versus column-defining treatment. Hazard ratios less than 
1 favours row-defining treatment. significant results are in bold. Osi=osimertinib; Dac=dacomitinib; afa=afatinib; erl=erlotinib; gef=gefitinib; 
ico=icotinib; bev=bevacizumab; gef+P=gefitinib plus pemetrexed; Pbct=pemetrexed based chemotherapy; Pfct=pemetrexed free chemotherapy
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The fit of the consistency model was similar or better 
than that of inconsistency model (supplementary 
table S4). We observed consistency between direct 
and indirect evidence after comparing results from 
pairwise meta-analyses (either bayesian or frequentist) 
and network meta-analyses (supplementary figs S6 
and S7). Inconsistency between direct and indirect 
estimates from the node splitting analysis did not 
show significant differences in comparisons except 
for afatinib versus pemetrexed based chemotherapy 
(P=0.002) for progression free survival (supplementary 
table S5).

sensitivity analysis
With a total of 3994 patients, 13 phase III  
trials12 13 24 26 35 37-39 43-47 and one phase IIB trial41 
(for its high quality with multinational exploration, 
considerable sample size, and detailed outcomes) 
were included into the first sensitivity analysis 
(supplementary fig S8). Results did not show relevant 
deviations compared with the original network meta-
analysis, but showed a higher probability of ranking 
best overall survival for osimertinib over gefitinib plus 
pemetrexed based chemotherapy (supplementary figs 
S9 and S10 and table S6). The robustness of results 
was also detected in the comparisons of the remaining 
treatments after the removal of the FLAURA study26 
in the second sensitivity analysis (supplementary figs 
S11-S13).

Overall, 11 treatments for 3738 Asian patients 
(98% were east Asians) from 16 studies, and seven 
treatments for 722 non-Asian patients from six studies 
were included in the third sensitivity analysis by 
patient ethnicity. Owing to the low number of involved 
studies, only comparisons among monotherapies for 
progression free survival were accessible in the non-
Asian subgroup (supplementary fig S14). For Asian 
patients, osimertinib, dacomitinib, and erlotinib plus 
bevacizumab seemed to show the same progression 
free survival benefit, and gefitinib plus pemetrexed 
based chemotherapy had the greatest probability to 
provide the best progression free survival, overall 
survival, and objective response rate (supplementary 
fig S15). For non-Asian patients, osimertinib showed 
the best progression free survival.

discussion
Principal findings
In this systematic review and network meta-analysis, 
we comprehensively summarise the comparative 
efficacy and safety of multiple first line treatments 
including all available EGFR-TKIs and combination 
strategies for patients with advanced EGFR mutated 
NSCLC. The results suggest that:

•	 Osimertinib and gefitinib plus pemetrexed based 
chemotherapy were consistent in providing the 
best progression free survival and overall survival 
for advanced EGFR mutated patients

•	 The most promising treatments differed in patients 
stratified by the two common EGFR mutation 

types—that is, osimertinib for the exon 19 
deletion subgroup and gefitinib plus pemetrexed 
based chemotherapy for the Leu858Arg subgroup

•	 Combination treatments caused more toxicity 
in general and EGFR-TKIs were associated with 
different toxicity spectrums. 

The sensitivity analyses showed that the overall 
results remained relatively robust. The loss of ran-
king superiority over osimertinib for gefitinib plus 
pemetrexed based chemotherapy regarding overall 
survival in the first sensitivity analysis only including 
phase III trials, and the potential difference of EGFR-
TKI preference for Asian and non-Asians in the second 
sensitivity analysis should be considered.

The translation of the progression free survival benefit 
of osimertinib to the improvement in overall survival 
activity might account for its additional inhibition of 
the T790M mutation, which accounts for about 50-
60% acquired resistance.5 55 Gefitinib plus pemetrexed 
based chemotherapy was associated with the most 
rapid and persistent response based on objective 
response rate and overall survival priority. Possible 
explanations include that simultaneous treatment 
with gefitinib and pemetrexed was previously reported 
to prevent the appearance of gefitinib resistance 
mediated by the T790M mutation or epithelial-to-
mesenchymal transition, respectively, in cell lines with 
the exon 19 deletion mutation.56 Furthermore, patients 
might receive multiple lines of treatment at disease 
progression as crossover is common, thus efficacy of 
the possible salvage treatments received must be taken 
into account. In addition, the comparison of erlotinib 
versus erlotinib plus bevacizumab (hazard ratio 1.74, 
95% credible interval 1.33 to 2.28; fig 3A) favoured the 
combination treatment for extension of progression 
free survival duration. These results suggest a hypo-
thesis that patients with advanced EGFR mutated 
NSCLC might obtain overall clinical benefits from the 
addition of chemotherapy (especially pemetrexed 
based chemotherapy) or bevacizumab to osimertinib, 
compared with the current standard of care.

Some existing evidence implies that different 
types of EGFR mutations vary in their clinical and 
pathological correlations, downstream signalling, 
and responsiveness to EGFR-TKIs, which suggests 
that the benefit of EGFR-TKIs is greater in exon 19 
deletion mutated tumours than in Leu858Arg mutated 
tumours.57 58 One hypothesis is that Leu858Arg mutated 
tumours might be associated with more frequent 
T790M mutations.59 60 Alternatively, previous studies 
have shown that concomitant mutation (comutation) 
including other oncogenic driver alterations in several 
other genes (TP53, PIK3CA, BRAF, MET, MYC, CDK6, 
and CTNNB1)61 might be associated with higher rates 
of primary resistance to EGFR-TKIs62 63 and also limited 
response to EGFR-TKIs.64 65 A significantly higher 
incidence of comutations was found with Leu858Arg 
mutation than with exon 19 deletion mutation.65 This 
recent concept might explain why the addition of 
chemotherapy was associated with a benefit for the 
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Leu858Arg subgroup, and should be more thoroughly 
investigated in future studies.

EGFR-TKIs were associated with less toxicity, while 
combination strategies caused more, reflecting the 
expected additional adverse events for either combined 
drug. For instance, higher incidences of hypertension, 
haemorrhagic events, and proteinuria were observed 
with the addition of bevacizumab to erlotinib; and 
anorexia, vomiting, neutropenia, and anaemia were 
observed with the addition of chemotherapy to ge-
fitinib (supplementary fig S4). Clinicians should keep 
in mind the possibility of increased toxicity when 
prescribing combination therapy. From this multiple 
comparison, erlotinib plus bevacizumab and icotinib 

had the worst and best safety profiles, respectively. 
The relatively more frequent and severe toxicity of the 
erlotinib plus bevacizumab group was reported in both 
NEJ026 and JMIT studies23 35 and was well tolerated 
and clinically manageable.

Previous studies have characterised icotinib with  
favourable safety,66 67 which was deemed to be 
attributed to its broad therapeutic window and high 
selectivity towards the target EGFR.68 Moreover, 
we found differences in toxicity spectrums among 
EGFR-TKIs. For a better management and treatment 
selection, knowledge of the predominant adverse 
events related to each EGFR-TKI during long term use 
is critical because toxicity is part of the same aspect 
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fig 5 | bayesian ranking profiles of comparable treatments on efficacy for patients with advanced epidermal growth factor receptor mutated, non-
small cell lung cancer. Profiles indicate the probability of each comparable treatment being ranked from first to last on progression free survival, 
overall survival, objective response rate, and grade ≥3 adverse events. ranking curves are described according to the bayesian ranking results 
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of the evaluation. A well performed systemic review 
with a mass sample size and a thorough assessment is 
warranted to generate a complete and potent toxicity 
spectrum of EGFR-TKIs.

strengths and comparison with other studies
Compared with the reported network meta-analyses 
investigating treatments for patients with advanced 
EGFR mutated NSCLC,15-18 our present network meta-
analysis had several strengths. The study ensured 
the homogeneity of study population by consisting 
exclusively of patients with advanced EGFR mutated 
NSCLC. The present study also established comparisons 
among all monotherapies including osimertinib and 

dacomitinib, and combination treatments in a first 
line setting for this population, and comprehensively 
analysed all major efficacy and toxicity outcomes 
with the most extensive data including the previously 
unpublished or recently updated results. In particular, 
we separately established multiple comparisons to 
investigate the relative effectiveness of treatments in 
exon 19 deletion or Leu858Arg subgroups. Moreover, 
network transitivity, heterogeneity, and inconsistency 
were thoroughly investigated. No differences in drug 
dose or the assessible key baseline characteristics 
within the studies were found to explain the high 
heterogeneity in erlotinib and gefitinib versus peme-
trexed free chemotherapy in particular, and the 
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significant inconsistency in afatinib versus pemetrexed 
based chemotherapy. However, chemotherapy drugs  
differed in trials but were grouped as single 
pemetrexed based chemotherapy and pemetrexed 
free chemotherapy network nodes in our study, which 
could be a potential source of heterogeneity and 
inconsistency, and also possible weak transitivity.

implications
By synthesising all randomised controlled trials evi-
dence, this review provides clinicians a reference 
source to evaluate strengths and weaknesses for 
practice choice among multiple promising options. 
Osimertinib and gefitinib plus pemetrexed based 
chemotherapy were shown to be comparable as the 
optimal treatments for patients with advanced EGFR 
mutated NSCLC, and were preferentially recommended 
to exon 19 deletion or Leu858Arg subgroups, res-
pectively. Complementing recent guidelines, these 
findings can help answer questions of whether combi-
nation treatments had a role in the standard care of 
patients with advanced EGFR mutated NSCLC, and 
which treatments might be most suitable for patients 
with the two most common mutations (which are 
often used as stratification and prognostic factors in 
many EGFR-TKI trials). Such investigation, studying 
combination treatments, and potentially different 
management for subgroups, should also be applied 
to other kinds of cancers. Future trials highlighting 
head-to-head comparisons such as osimertinib versus 
gefitinib plus pemetrexed based chemotherapy, poten-
tially more effective strategies such as osimertinib plus 
pemetrexed based chemotherapy or bevacizumab, or 
the heterogeneity of EGFR mutated tumours should be 
conducted, especially with the ongoing challenge of 
emerging drug resistance.

limitations
The present study had several limitations. Firstly, 
unavoidable confounding factors remain in this 
inherently observational network meta-analysis based 
on data entirely from clinical trials. For example, 
because most treatments were compared indirectly 
and most direct evidence was from one trial in the 
present network, estimates should be interpreted 
with care for their reliance on previous distributions 
and assumptions of transitivity and consistency, 
even though only randomised controlled trials were 
included and assumptions were investigated. For 
another example, methodological heterogeneity across 
studies was anticipated in this network meta-analysis, 
thus the same model selection (fixed effects model) was 
applied in both pairwise meta-analysis and network 
meta-analysis obtaining the highest generalisability 
in the pooled estimates. Secondly, the present study 
also had potential publication and selection bias, for 
example, phase II clinical trials commonly present 
unclear randomisation sequence generations in small 
sample sizes. We did not use funnel plots to assess 
the publication bias and small study effects given the 
small number of trials included in each comparison. 

Therefore, sensitivity analysis including only phase III 
trials was conducted, and relatively robust results were 
ensured.

Thirdly, data on overall survival might cause 
heterogeneity when taken as an endpoint to evaluate 
each individual treatment’s realistic effect. This 
heterogeneity could be possible for two reasons. 
Although we initially searched for the most updated 
overall survival hazard ratios, data on overall survival 
had only 25% maturity at the interim analysis in the 
FLAURA trial26; thus, it is still tempting for clinicians to 
consider a substantial improvement in overall survival 
activity for first line osimertinib. Furthermore, these 
patients often received second or later line treatments, 
which was not commonly reported and might hamper 
the interpretation of overall survival. As a result, we 
reported progression free survival as the primary 
outcome measure because progression free survival 
represents the survival until first disease progression 
beyond the influence of later line treatment. 

A fourth limitation was that patients were not 
stratified according to factors such as smoking status 
or sex, which might modify treatment benefits.57 
Future studies should investigate the relative treatment 
efficacy according to these clinical characteristics 
using the network meta-analysis statistical method, 
although this was not possible in the present study 
because of data sparseness across trials. Finally, 
questions regarding the efficacy of treatments in 
sequential or maintenance use was not investigated 
and therefore, remains a subject for further studies. 
Other imprecise estimates were likely:

•	 Due to the limitation of the FLAURA study 
design,26 we had to consider the gefitinib and 
erlotinib in the control arm as having the same 
efficacy and toxicity, but the main results of 
remaining comparisons did not change based on 
the sensitivity analysis that removed the FLAURA 
study

•	 Some trials were not included in all analyses 
because they did not have some specific 
endpoints; for example, only six treatments were 
compared in terms of overall survival in the exon 
19 deletion and Leu858Arg subgroups

•	 Patients stratified by exon 19 deletion and 
Leu858Arg mutations were not originally 
randomly studied in trials, and thus the risk of 
imprecision in the comparison is probable in 
these subgroup analyses.

conclusions
In this network meta-analysis, osimertinib and 
gefitinib plus pemetrexed based chemotherapy app-
ears to be superior first line treatment choices for 
patients with advanced EGFR mutated NSCLC, and 
were preferentially recommended to patients with exon 
19 deletion or Leu858Arg mutations, respectively. 
We also found EGFR-TKIs, especially icotinib, were 
associated with less toxicity, although toxicity risk 
generally rose when they were combined with other 
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treatments—in particular, erlotinib plus bevacizumab 
caused the most adverse events of grade 3 or higher. 
These findings could complement current standard 
of care and enhance future trial design for advanced 
EGFR mutated NSCLC.
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