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Introduction: The introduction of epidermal growth factor receptor tyrosine kinase inhibitors 

(EGFR-TKIs) has improved the outlook for patients with advanced non-small-cell lung cancer 

(NSCLC) with EGFR+ mutations. However, most patients develop resistance, with the result 

that median progression-free survival (PFS) is ~12 months. Combining EGFR-TKIs with other 

agents, such as bevacizumab, is a promising approach to prolonging remission. This system-

atic review and network meta-analysis (NMA) were undertaken to assess available evidence 

regarding the benefits of first-line combination therapy involving EGFR-TKIs in patients with 

advanced NSCLC.

Methods: Literature searches were performed using relevant search terms. Study-level pseudo-

individual patient-level data (IPD) were recreated from digitized Kaplan–Meier curve data, 

using a published algorithm. Study IPD were analyzed using both the proportional hazards and 

the acceleration failure time (AFT) survival models, and it was concluded that the AFT model 

was most appropriate. An NMA was performed based on acceleration factors (AFs) using a 

Bayesian framework to compare EGFR-TKIs and chemotherapy.

Results: Nine randomized controlled trials were identified that provided data for EGFR-TKI 

therapy in patients with EGFR+ tumors. These included studies of afatinib (n=3), erlotinib (n=3), 

erlotinib plus bevacizumab (n=1) and gefitinib (n=2). Erlotinib plus bevacizumab produced the 

greatest increase in PFS compared with chemotherapy, with 1/AF being 0.24 (95% credible 

interval [CrI] 0.17, 0.34). This combination also produced greater increases in PFS compared 

with EGFR-TKI monotherapy: 1/AF versus afatinib, 0.51 (95% CrI 0.35, 0.73); versus erlotinib, 

0.53 (95% CrI 0.39, 0.72) and versus gefitinib, 0.46 (95% CrI 0.32, 0.66). All three EGFR-TKI 

monotherapies prolonged PFS compared with chemotherapy; estimates of treatment effect 

ranged from 1/AF 0.53 (95% CrI 0.48, 0.60) for gefitinib to 1/AF 0.46 (95% CrI 0.40, 0.53) 

for erlotinib. There was no evidence for differences between EGFR-TKI monotherapies, as all 

95% CrIs included the null value.

Conclusion: Although data for erlotinib plus bevacizumab came from a single Phase 2 study, 

the results of the NMA suggest that adding bevacizumab to erlotinib may be a promising 

approach to improving the outcomes achieved with EGFR-TKI monotherapy in patients with 

advanced EGFR+ NSCLC.

Keywords: bevacizumab, epidermal growth factor receptor tyrosine kinase inhibitor, network 

meta-analysis, non-small-cell lung cancer, non-squamous, progression-free survival

Introduction
The introduction of tyrosine kinase inhibitors (TKIs) directed against the human 

epidermal growth factor receptor type 1 (HER1)/epidermal growth factor receptor 

(EGFR) has improved the outlook for patients with newly diagnosed non-small-cell 
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lung cancer (NSCLC) who have tumors that harbor 

EGFR+ mutations. Approximately 10%–30% of patients with 

NSCLC have such mutations,1 which result in constitutive 

activation of EGFR, which plays a key role in the regulation 

of cell survival and proliferation. EGFR-TKIs inhibit the 

constitutive activation of EGFR and induce remissions in 

patients with advanced disease. The EGFR-TKIs are classed 

as reversible (erlotinib, gefitinib) or irreversible (afatinib, 

dacomitinib). While overall survival (OS) in this subgroup 

of patients ranges from ~19–39 months, according to clini-

cal trial data, and has shown little improvement with the 

introduction of EGFR-TKIs, progression-free survival (PFS) 

has been increased from ~6 to 9–13 months.2

Current guidelines, such as those of the National 

Comprehensive Cancer Network3 and the European Soci-

ety for Medical Oncology,4 recommend testing for EGFR 

mutations in all patients with advanced non-squamous 

NSCLC before initiation of first-line therapy. This recom-

mendation is based on the superiority of the EGFR-TKIs 

afatinib, erlotinib and gefitinib over chemotherapy for 

EGFR+ tumors in Phase  3 randomized controlled trials 

(RCTs).5–16 All these trials have consistently demonstrated 

improvements in response rates (ranging from 60–80%) 

and PFS (8–13 months) with these agents compared with 

chemotherapy. In the pivotal trial for erlotinib, performed 

in a Caucasian population, median PFS increased from 

5.2 months for cisplatin plus docetaxel or gemcitabine to 

9.7  months for erlotinib monotherapy (hazard ratio [HR] 

0.37, 95% confidence interval [CI] 0.25, 0.54; P,0.0001),5 

and in a Phase 3 trial performed in an Asian population, 

median PFS increased from 5.5 months for gemcitabine plus 

cisplatin to 11.0 months for erlotinib monotherapy (HR 0.34, 

95% CI 0.22, 0.51; P,0.0001).8

Despite the improvements in response and PFS achieved 

with EGFR-TKI therapy over standard chemotherapy, 

most of the pivotal Phase 3 trials for EGFR-TKIs have 

failed to demonstrate significant benefits in OS.5–7,9,10,12,14,16,17 

This may in part reflect the fact that most patients develop 

resistance to EGFR-TKI therapy and relapse within 

~12  months after initiating therapy. At TKI progression, 

patients are currently assessed for the T790M mutation, 

and, if positive, they are treated with a recently approved 

third-generation TKI – osimertinib.18 Approaches to delay 

the development of resistance, and hence disease progres-

sion, are therefore being sought. Promising results have been 

reported for erlotinib in combination with bevacizumab, an 

agent recommended for first-line therapy in combination 

with chemotherapy irrespective of EGFR mutation status.19 

Preclinical data suggest that erlotinib resistance is associated 

with a rise in both tumor cell and host stromal vascular 

endothelial growth factor (VEGF).20 Moreover, the combined 

blockade of the VEGF receptor and EGFR pathways effi-

ciently abrogates tumor growth in TKI resistance models.20 

Recently, a Phase 2 study of erlotinib plus bevacizumab 

has demonstrated prolonged median PFS of 16.0  months 

compared with 9.7 months for erlotinib monotherapy (HR 

0.54, 95% CI 0.36, 0.79; P=0.0015).19

Most of the pivotal studies of EGFR-TKIs have compared 

reversible (gefitinib, erlotinib) or irreversible (afatinib) 

EGFR-TKI monotherapy with current standard first-line 

chemotherapy regimens, namely, platinum-based doublet 

therapy, including cisplatin or carboplatin plus gemcitabine, 

taxanes or pemetrexed.5–7,9,10,12,14 To date, a single study has 

reported results for a direct comparison between two EGFR-

TKIs, namely, afatinib and gefitinib.16 Thus, there are only 

limited clinical data regarding the relative efficacies of the 

approved EGFR-TKIs. A number of meta-analyses have 

been performed and have been used to compare efficacy 

outcomes among the approved EGFR-TKIs.2,21–27 These 

report statistically significant benefits in terms of PFS for 

EGFR-TKIs compared with standard chemotherapy and 

no significant differences between the three TKIs, but 

with a trend in favor of erlotinib. Two studies have also 

included network meta-analyses (NMAs), and both report no 

significant difference in PFS between the three EGFR-TKIs 

as monotherapy.25,26

In the light of the publication of additional RCT data, 

our objective was to provide further evidence regarding the 

relative efficacies of afatinib, erlotinib and gefitinib,8,16 based 

on a systematic review (SR) and meta-analysis. We also 

aimed to investigate whether combining an EGFR-TKI with 

another targeted therapy, such as bevacizumab, prolongs PFS 

compared with TKI monotherapies. A secondary aim was to 

compare OS, response rates and safety outcomes associated 

with EGFR-TKIs.

Methods
SR
An SR was performed in accordance with PRISMA 

guidelines28 to identify RCTs of EGFR-TKIs as first-

line treatment for adults with locally advanced or meta-

static (Stage IIIb or IV) non-squamous NSCLC having 

activating EGFR mutations. Searches of MEDLINE In-

Process, MEDLINE, Embase and the Cochrane Library 

were performed via Ovid on March 8, 2016. Supplementary 

searches of conference proceedings for the American Society 
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of Oncology, the European Society for Medical Oncology, 

the European Lung Cancer Conference and the International 

Association for the Study of Lung Cancer World Conference 

on Lung Cancer were carried out for 2013–2016. Search 

strings included terms for NSCLC and stage of disease, 

together with terms for the treatments of interest including 

the term EGFR-TKI. Search results were screened for studies 

of afatinib, erlotinib, gefitinib or dacomitinib as first-line 

therapy, alone or in combination regimens, and reporting 

at least one outcome measure of interest (ie, PFS, OS, 

time to progression, response rate, safety or health-related 

quality of life [HRQoL]; Table S1). Only English-language 

publications and publications with an abstract in English 

were included.

Citations of interest were identified by one reviewer and 

verified by a second independent reviewer, based on title 

and abstract. Full publications were obtained for all citations 

of interest and were assessed by one reviewer and verified 

by a second independent reviewer. Any uncertainties were 

resolved through discussion between reviewers. Data were 

then extracted into an Excel spreadsheet by one reviewer 

and checked by a second reviewer. All included references 

were assessed for risk of bias using a seven-criteria check-

list as approved by the National Institute of Health and 

Care Excellence.29

NMA
A NMA was performed to compare PFS for the EGFR-TKIs 

of interest and chemotherapy. Relevant data were analyzed 

from publications identified in the SR, as described in the 

“Results” section. Data for chemotherapy were taken from the 

comparator regimens investigated in the selected studies.

Study-level pseudo-individual patient-level data (IPD) for 

PFS were created using a published algorithm to re-create 

the IPD based on digitized Kaplan–Meier (KM) curve data.30 

The study-level IPD were analyzed using both the commonly 

used proportional hazards (PH) and the acceleration failure 

time (AFT) survival models in STATA (version 14.1).31 The 

assumptions of the PH and AFT models were explored (using 

diagnostic plots based on Schoenfeld residuals and quantile–

quantile plots), and it was concluded that the AFT model 

was the most appropriate. The NMA was thus performed 

based on acceleration factors (AFs), and the robustness of the 

conclusions was explored by performing the NMA using the 

reported study-level HRs. The inverse AFs (1/AF) from an 

AFT model represent the same direction of treatment effect 

as the HRs from a PH model. We therefore report the inverse 

of the AF so that it can be compared with the results of the 

PH model (reported as HRs). The interpretation of 1/AF is 

comparable with that of the HR, with values ,1 indicating 

prolonged survival versus the comparator.

A Bayesian framework and Markov Chain Monte Carlo 

(MCMC) simulation were used for modeling, with the 

inclusion of vague prior distributions. All NMA models 

were fitted using WinBUGS software (MRC Biostatistics 

Unit, Cambridge, UK).32 The models were run with three 

chains for a burn-in of 50,000 iterations, and inferences 

were based on a further 20,000 iterations. The point esti-

mate of the results represented the median of the posterior 

distribution with associated 95% credible intervals (CrIs). 

Surface under the cumulative ranking (SUCRA) values 

were also determined within WinBUGS for each comparator 

in the network. These provide a ranking for each treatment 

relative to the other treatments; a treatment that is certain 

to be the best will have a SUCRA value of 1, and a treat-

ment that is certain to be the worst will have a SUCRA 

value of 0.33

Inconsistency was formally assessed using the Bucher 

method, which synthesizes the evidence in each pair-wise 

contrast of a loop of evidence and tests if the direct and 

indirect evidences are in conflict.34

The base case employed a fixed-effects (FE) model 

applied to the study-level AF, and data for the differ-

ent chemotherapy regimens were pooled. The pooling 

of chemotherapy regimens as a single treatment node is 

an approach that has been employed in previous meta-

analyses2,21–26 and allowed for the formation of a connected 

evidence network in this study. The FE model was used in 

the base case, as the network was based on a small number 

of studies and the FE model provided a better model fit 

compared with the random-effects (RE) model in terms 

of deviance information criterion and residual deviance. 

A number of sensitivity analyses were performed in order 

to assess the robustness of the analyses to changes in the 

assumptions made. These included employing an RE model, 

analyzing data for the individual chemotherapy regimens 

used in the identified studies (ie, cisplatin plus gemcitabine 

and cisplatin plus docetaxel) and restricting the data to only 

studies enrolling Asian populations.

Results
Identified publications
A total of 2,436 unique citations of potential interest 

were identified in the electronic search, and two relevant 

abstracts were identified in the congress search (Figure S1). 

Of these, 63 publications relating to 42 unique RCTs were 
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considered to meet the inclusion criteria for the SR. These 

included five studies of erlotinib, three studies of gefitinib and 

three studies of afatinib; no relevant studies of dacomitinib 

were identified.

Studies restricted to patients with EGFR+ mutations 

were considered to be most relevant for the NMA. In total, 

11 RCTs (described in 23 publications) only enrolled patients 

with EGFR+ mutations and were considered for inclusion 

in the NMA.5–17,19,35–42 Of these, nine trials5,7–11,13–17,19,35–38,40 

provided relevant data in the form of a KM curve and a HR 

for PFS and could be used to construct an evidence network 

to compare PFS for afatinib, erlotinib, gefitinib, erlotinib 

plus bevacizumab and standard chemotherapy (Figure 1). 

The remaining two RCTs did not connect into the evidence 

network and so were not considered further. An assessment 

of the risk of bias for the studies included in the NMA is 

provided in Figure S2; five studies were considered to have 

a low risk of bias, the risk of bias was unclear for three and 

one was considered to have a high risk of bias.

Study design and patient baseline characteristics were 

generally similar across all nine studies.5,7–11,13–17,19,35–38,40 All 

studies were open-label RCTs and involved adult patients 

with EGFR+ mutations and a diagnosis of Stage IIIB or 

Stage IV NSCLC (Table 1). EGFR-TKI therapy was given 

until disease progression, unacceptable toxicity or death, and 

chemotherapy was given for a specific number of cycles or 

until disease progression, the development of adverse events 

(AEs) or withdrawal of consent. Crossover to an alternative 

treatment following disease progression was permitted in two 

studies.5,8 The median age of trial populations ranged from 

56–67 years, and 25%–77% of patients were female. Studies 

were either confined to patients with an Eastern Cooperative 

Oncology Group (ECOG) performance status (PS) of 0 or 

1 or .85% of patients had an ECOG PS of 0 or 1. Across 

all studies, most patients had Stage IV disease. Six of the 

studies only included Asian patients,7–10,12,19 whereas the 

LUX-Lung  7 and LUX-Lung 3 trials included the same 

proportion of Asian and Caucasian (6–15), and the EURTAC 

was a pure Caucasian population trial.5,16,17

Trial data and NMA results
Trial-level data for PFS for each study were obtained by 

modeling pseudo-IPD using the PH and AFT models, and 

estimates of relative treatment effect are summarized in 

Table S2.

Results of the base-case NMA are summarized in 

Table 2 and Figure 2. This analysis found that erlotinib plus 

bevacizumab showed the greatest increase in PFS com-

pared with standard chemotherapy with 1/AF being 0.24 

(95% CrI 0.17, 0.34). Furthermore, the SUCRA value of 

1.00 indicated that erlotinib plus bevacizumab is certain to 

have the best outcome of the treatments compared. Values 

for 1/AF for erlotinib plus bevacizumab did not include 

the null value for all four comparisons considered, indicat-

ing that this combination regimen prolongs PFS compared 

with EGFR-TKI monotherapy and compared with standard 

chemotherapy.

Comparison of values for 1/AF and SUCRA among 

the TKI monotherapies considered indicated that erlotinib 

monotherapy showed a greater increase in PFS than afatinib 

or gefitinib, although inclusion of the null value in the 95% 

CrI values for each comparison indicated that there was no 

evidence for a difference. SUCRA values showed that, among 

the TKI monotherapies, the greatest PFS benefit was achieved 

with erlotinib, followed by afatinib and then gefitinib.

All three TKI monotherapies prolonged PFS compared 

with standard chemotherapy. Values for 1/AF ranged from 

0.53 (95% CrI 0.48, 0.60) for gefitinib to 0.46 (95% CrI 0.40, 

0.53) for erlotinib. The 95% CIs for all three comparisons 

did not include the null value, indicating a difference 

between treatments.

Sensitivity analyses indicated the robustness of these 

results. The results for the analysis using an RE model are 

similar to those derived using the FE model but have wider 

95% CrIs, reflecting the uncertainty of the estimate of the 

between-study standard deviation (Table S3). Using the 

published HRs rather than 1/AF yielded similar results to 

those reported for the base case. PFS was prolonged for 

erlotinib plus bevacizumab for all other therapies considered 

and for each TKI monotherapy compared with standard 

chemotherapy; the null value was not included in the 95% 

CrIs for any of these comparisons, indicating a differ-

ence (Table S4). Results for the individual chemotherapy Figure 1 Evidence network for progression-free survival.
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Table 1 Summary of design and baseline patient characteristics for the studies included in the NMA

RCT Treatment 
arms

Number 
randomized

Female, 
n (%)

Age (years), 
median 
(range)

ECOG PS, n (%) Duration of 
treatment, median 
(range)

0 1 2

Rosell et al,5 Leon et al17 and  
de Marinis et al,42

(EURTAC)
Phase 3, open-label RCT
Europe (France, Italy, Spain)

Erlotinib 86 58 (67) 65 (24–82) 27 (31) 47 (55) 12 (14) 8.2 (1–12.0) months
Treatment 
scheduled until 
disease progression, 
development of toxic 
effects or withdrawal 
of consent

Cisplatin plus 
docetaxel or 
gemcitabine

87 68 (78) 65 (29–82) 30 (34) 45 (52) 12 (14) 2.8 (1.0–2.6) months
Chemotherapy 
scheduled for four 
3-week cycles unless 
development of toxic 
effects or withdrawal 
of consent

Wu et al6,8

(ENSURE)
Phase 3, open-label RCT
Asia (30 sites across China, 
Malaysia, Philippines)

Erlotinib 110 (61.8) 57.5 (33–79) 16 (14.7) 87 (78.9) 7 (6.4) Treatment scheduled 
until progression/
unacceptable toxicity

Cisplatin plus 
gemcitabine

107 (60.7) 56.0 (30–78) 15 (14.4) 83 (79.8) 6 (5.8) Chemotherapy 
scheduled for four 
3-week cycles

Mitsudomi et al7 and Yoshioka 
et al35

(WTJOG3405)
Phase 3, open-label RCT
Japan (36 sites)

Gefitinib 88 59 64 (34–74) 56 (63.4) 30 (34.0) NR 165 (22–1,100) days
Cisplatin plus 
docetaxel

89 60 64 (41–75) 52 (58.4) 34 (38) NR 64 (1–106) days

Maemondo et al9 and Inoue et al36

(NEJ002)
Phase 3, RCT
Japan (43 sites)

Gefitinib 114 72 (63.2) (43–75) 54 (47.4) 59 (51.8) 1 (0.9) 308 (14–1,219) days
Carboplatin 
plus Paclitaxel

114 73 (64.0) (35–75) 57 (50.0) 55 (48.2) 2 (1.8) Median 3-week cycles 
was 4 (1–7)

Seto et al19 and Hosomi et al41

(JO25567)
Phase 2, open-label RCT
Japan (30 sites)

Erlotinib 77 26 (34) 67.0 (60–73) 41 (53) 36 (47) NR 254 (18–829) days
Erlotinib plus 
bevacizumab

77 45 (60) 67.0 (59–75) 43 (57) 32 (43) NR 431 (21–837) days 
for erlotinib and 
325 (1–815) for 
bevacizumab

Zhou et al10,37 and Chen et al11

(OPTIMAL)
Phase 3, open-label RCT
China (22 sites)

Erlotinib 83 48 (59) 57 (31–74) 75 (91) 7 (9) 55.5 (3.1–93.0) weeks
Gemcitabine 
plus carboplatin

82 43 (60) 59 (36–78) 69 (96) 3 (4) 10.4 (1.0–18.9) weeks

Wu et al,12 Yang et al38 and  
Geater et al13 (LUX-Lung 6)
Phase 3, open-label RCT
China, Thailand and South Korea 
(36 sites)

Afatinib 242 155 
(64.0)

58 (49–65) 48 (19.8) 194 (80.2) NR 389 (173–537) days

Cisplatin plus 
gemcitabine

122 83 (68.0) 58 (49–62) 41 (33.6) 81 (66.4) NR 89 (60–119) days

Sequist et al14 and Yang et al15,38

(LUX-Lung 3)
Phase 3, open-label RCT
Asia, North America, South 
America and Australia (25 sites)

Afatinib 230 147 
(63.9)

61.5 (28–86) 92 (40.0) 138 (60.0) NR 11 months

Cisplatin plus 
pemetrexed

115 77 (67.0) 61.0 (31–83) 41 (35.7) 73 (63.5) NR Chemotherapy 
scheduled for up to six 
3-week cycles

Park et al16

(LUX-Lung 7)
Phase 2b, open-label RCT
Canada, France, Germany, Ireland, 
Norway, Spain, Sweden, UK, 
Australia, China, Korea, Singapore 
and Taiwan (64 sites/13 countries)

Afatinib 160 57 63 (30–86) 51 (32) 109 (68) NA Treatment beyond 
progression allowed if 
deemed beneficial by 
investigator

Gefitinib 159 67 63 (32–89) 48 (30) 111 (70) NA

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; NA, not available; NMA, network meta-analysis; NR, not reported; RCT, randomized 
controlled trial.
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regimens, cisplatin plus gemcitabine and cisplatin plus doc-

etaxel, were similar to those obtained using pooled data for 

chemotherapy (Table S5). The restriction of the network to 

trials conducted exclusively in Asian populations also yielded 

similar results to the base-case analysis.

As part of assessing model validity, NMA estimates 

for treatment comparisons were compared with direct trial 

evidence, where it was available (Table S6). The direction 

of the treatment effects was the same for all direct estimates 

and the corresponding NMA comparison, with comparable 

levels of uncertainty. Assessment of consistency for the 

single loop of evidence within the network yielded a P-value 

of ,0.0001, which suggests inconsistency within the 

network. A review of the studies identified race as a potential 

treatment-modifying covariate. A sensitivity analysis was 

therefore performed, restricting the analysis to studies only 

involving Asian populations (ie, excluding the EURTAC and 

LUX-Lung 3/7 studies). This had little effect on the estimates 

of treatment effect and no effect on the conclusions of the 

NMA (Table S7).

Additional outcomes analyzed by NMA include OS, 

response rates and safety outcomes. The results from these 

analyses provided little evidence to distinguish between the 

interventions of interests and are available upon request.

Exploration of PFS in potential subgroups of interest 

(based on gender, age, smoking and ECOG PS) was not 

feasible due to the inconsistent reporting of subgroup data 

across the studies. In addition, it was not possible to perform 

analyses on the incidence of specific AEs due to inconsistent 

reporting of these outcomes across the trials. Finally, it was 

not feasible to conduct an analysis of HRQoL outcomes, 

which were reported in five trials, each of which employed 

different instruments to assess HRQoL.6,9–11,13,15

Discussion
The results of this analysis provide confirmation of the 

benefit of EGFR-TKIs over standard chemotherapy for 

first-line therapy in patients with NSCLC having EGFR+ 

mutations. As in previous analyses,2,21–26 no differences in 

PFS were observed between the three approved EGFR-TKIs, 

Table 2 Treatment comparisons for PFS: 1/AF (95% CrI), FE model (base case)

Treatment A Treatment B SUCRA

Chemotherapy Afatinib Erlotinib Erlotinib + bevacizumab Gefitinib

Chemotherapy 2.07 (1.84, 2.32) 2.16 (1.87, 2.49) 4.08 (2.89, 5.74) 1.87 (1.66, 2.10) 0.00

Afatinib 0.48 (0.43, 0.54) 1.04 (0.87, 1.25) 1.97 (1.37, 2.82) 0.90 (0.79, 1.03) 0.50

Erlotinib 0.46 (0.40, 0.53) 0.96 (0.80, 1.15) 1.89 (1.39, 2.57) 0.87 (0.72, 1.04) 0.75

Erlotinib + bevacizumab 0.24 (0.17, 0.34) 0.51 (0.35, 0.73) 0.53 (0.39, 0.72) 0.46 (0.32, 0.66) 1.00

Gefitinib 0.53 (0.48, 0.60) 1.11 (0.97, 1.27) 1.15 (0.96, 1.39) 2.18 (1.52, 3.13) 0.25

Notes: Results that do not include the null value are shown in bold. Comparisons of row versus column.
Abbreviations: AF, acceleration factor; CrI, credible interval; FE, fixed-effect; PFS, progression-free survival; SUCRA, surface under cumulative ranking curve.

Figure 2 Forest plot of PFS results for erlotinib + bevacizumab versus comparators (FE model).
Abbreviations: AF, acceleration factor; CrI, credible interval; FE, fixed-effect; PFS, progression-free survival.
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but there was a trend in favor of erlotinib. This was evident 

both from a comparison of the treatment effect for each of 

the EGFR-TKIs versus chemotherapy and from treatment 

effects for comparisons between EGFR-TKIs. Furthermore, 

the comparison of gefitinib and afatinib suggested a trend in 

favor of afatinib, consistent with results from the head-to-

head trial that reported a benefit for afatinib over gefitinib 

(HR 0.73, 95% CrI 0.57, 0.95).16

In addition to considering each EGFR-TKI as mono-

therapy, our analysis also sought to identify RCTs inves-

tigating  the value of combination regimens involving an 

EGFR-TKI in newly diagnosed patients with EGFR+ 

mutations. The SR identified two such studies, one comparing 

erlotinib plus bevacizumab versus erlotinib monotherapy19 

and a second comparing gefitinib plus concurrent or sequen-

tial chemotherapy.40 The erlotinib study was included in the 

NMA, allowing the efficacy of this regimen to be compared 

with that of standard chemotherapy, afatinib and gefitinib, 

as well as with erlotinib monotherapy.19 Erlotinib plus 

bevacizumab was found to provide an improvement in PFS 

compared with all three EGFR-TKIs as monotherapy, as well 

as compared with standard chemotherapy. Results of the study 

assessing gefitinib plus chemotherapy suggested an advantage 

for combination therapy over gefitinib monotherapy (based 

on the median PFS of 18 and 15 months reported for the 

addition of concurrent or sequential chemotherapy, respec-

tively, to gefitinib, compared with 9–11  months reported 

in studies of gefitinib monotherapy7,9,35,36,40). However, this 

study could not be connected in the NMA. It is therefore cur-

rently not possible to assess the efficacy of this combination 

compared with other EGFR-TKIs.

As demonstrated by our analysis and other published 

studies,2,21–26 there is now a considerable body of evidence 

concerning the clinical benefits of EGFR-TKIs in patients 

with EGFR+ mutations. While some of the earlier meta-

analyses and NMAs have included patients treated in the 

first- or second-line setting25 or have included subgroup 

data from studies that involved unselected patients 

(ie,  with or without EGFR+ mutations),25,26 our study 

included nine studies conducted specifically in patients 

with EGFR+ mutations receiving therapy in the first-line  

setting.5,7–11,13–16,19,35–38,40 This has the advantage that the patient 

populations in the nine studies are largely similar, as is also 

evident from comparison of the baseline patient characteris-

tics for the nine studies. In addition, all nine studies had a sim-

ilar design, including the planned duration of chemotherapy 

and EGFR-TKI therapy. Furthermore, the original studies, 

specifically those in patients with EGFR+ mutations, were 

powered to detect differences between the treatment groups 

considered in the NMA (which is not necessarily the case 

when subgroup data are employed). Our analysis therefore 

provides a robust assessment of the benefits of EGFR-TKI 

therapy in patients with EGFR+ mutations, which is also 

demonstrated by the consistency of results across all the 

sensitivity analyses considered.

Most previous analyses have extracted HR values from 

the individual publications and used these in meta-analyses. 

We have employed an alternative approach using an AFT 

model and AF values in our NMA. Given that we found that 

the PH assumption does not hold in three of the included 

studies (NEJ005, JO25567 and LUX-Lung 6) and that the 

AFT model was deemed an appropriate alternative model for 

each of the studies, we suggest that use of this alternative 

approach is more robust.

This analysis is the first to use an NMA to directly 

compare results between different EGFR-TKIs, between 

EGFR-TKIs and the EGFR-TKI combination regimen, 

erlotinib plus bevacizumab, in the relevant patient popu-

lation. The results of the sensitivity analyses confirm the 

robustness of the results in terms of the assumptions made 

regarding the grouping of chemotherapy regimens as a single 

treatment node and including a mixture of Asian and non-

Asian populations. This latter finding is important, as there is 

published evidence to suggest that, in patients with NSCLC, 

treated with chemotherapy and targeted agents, Asian ethnic-

ity (compared with Caucasian ethnicity) is associated with 

increased OS, response rates and toxicity.43

The NMA of EGFR-TKIs by Liang et al25 included 

studies of both first- and second-line therapy. They reported 

no statistically significant difference between the EGFR-TKI 

monotherapies and a statistically significant difference 

between EGFR-TKIs and chemotherapy with respect to PFS 

and are thus broadly in agreement with the findings from our 

study. Popat et al26 also reported similar results for an NMA 

that only involved patients receiving first-line treatment 

but included some studies comparing two chemotherapy 

regimens in unselected patient populations (ie, with or 

without EGFR+ mutations) in order to form additional con-

nections in the network.

It is challenging to report robust conclusions on the 

relative AE profiles of the comparators investigated: the 

NMA of the incidence of AEs reported no statistically sig-

nificant differences between the interventions of interest and 

an NMA of specific AEs was not feasible due to differences 

in reporting between studies. A high incidence of hyperten-

sion was observed in the JO25567 trial19 in comparison with 
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earlier published trials,44,45 which the authors suggest may 

be due to the prolonged duration of treatment and/or the 

definition of the grading used. Comparisons of AEs reported 

in two trials conducted exclusively in Asian populations – 

JO2556719,41 and the LUX-Lung 6 study12 – suggest that 

afatinib is associated with a higher incidence of all-grade 

diarrhea (88.3%) compared with erlotinib monotherapy 

(81%) and erlotinib plus bevacizumab (78%).

All trials included in the analysis reported subgroup 

analyses for PFS by EGFR mutation type (exon 19 deletion 

and L858R mutation). Two trials reported a statistically 

significant difference in PFS between the two mutation types 

in favor of the exon 19 deletion mutation.12,14 However, it 

is noted that these analyses were not powered to detect 

differences either in PFS between the subgroups or in OS. 

The majority of trials reported no statistically significant dif-

ference in the relative treatment effect for PFS between the 

EGFR mutation types. This suggests that results from this 

analysis have validity for both EGFR mutation subgroups.

There are a number of limitations regarding our study. 

First, study-level pseudo-IPD were created based on digitized 

KM curve data rather than being based directly on clinical 

trial data. This is a well-established methodology and has 

been used before in published NMAs.30,46 Furthermore, the 

HRs estimated based on our analyses of the pseudo-IPD 

were consistent with those published in the individual trial 

publications. Second, there are well-recognized limitations 

associated with the use of NMA rather than direct head-

to-head studies when comparing treatments. This includes 

assuming that the patient populations involved in different 

studies are largely similar and that differences in study 

design do not substantially influence the observed results. 

Third, the data for erlotinib plus bevacizumab came from 

a single Phase  2 study that was conducted in a Japanese 

population,47 which may provide better survival responses 

compared with a trial conducted in a Caucasian population.43 

The trial was accepted by the EMA as evidence of the benefits 

of erlotinib plus bevacizumab, and an approval granted for 

this indication.47 There are several ongoing trials that will 

report further data on the use of erlotinib plus bevacizumab 

in this indication, in particular the Phase 3 NEJ026 RCT 

comparing combination treatment with erlotinib monotherapy 

in .200 patients.48

Conclusion
The results of our analysis provide valuable additional 

information on the benefits of EGFR-TKI therapy in patients 

with EGFR+ mutations and suggest that combination 

regimens such as erlotinib plus bevacizumab are a promising 

approach to improving the outcomes achieved with 

EGFR-TKI monotherapy. Further studies of combination 

regimens involving EGFR-TKI and antiangiogenic agents 

are warranted in this selected population of patients with 

oncogenic-driven tumors.
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