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Background: The first generation epidermal growth factor receptor-tyrosine kinase inhibitors (EGFR-
TKIs), gefitinib and erlotinib, have become the standard first-line treatment for non-small-cell lung cancer 
(NSCLC) patients with EGFR mutation. However, there was no pooled analysis focused on the usage of 
the second-generation TKI, afatinib, in advanced EGFR-positive NSCLC patients after failure of first 
generation TKIs. Therefore, a meta-analysis was conducted to solve the above question.
Methods: Electronic databases were searched for eligible literatures. ORR (objective response rate), DCR 
(disease controlled rate), PFS (progression-free survival), OS (overall survival) and primary grade 3/4 adverse 
events were pooled with the corresponding 95% confidence interval using R software. Sensitivity analyses 
and heterogeneity were quantitatively evaluated.
Results: A total of 545 EGFR-positive patients were available for analysis from five studies after detailed 
screening from 909 relevant studies. The pooled ORR and DCR of afatinib in EGFR-positive patients after 
failure of the first generation EGFR-TKIs were 0.12 (0.08–0.19) and 0.60 (0.53–0.68), respectively. Besides, 
the 6 m-PFS rate, 1 y-PFS rate and 6 m-OS rate were 0.26 (0.22–0.30), 0.08 (0.06–0.10) and 0.74 (0.56–
0.86). The grade 3/4 rate of diarrhea and that of skin deformity were 0.23 (0.10–0.46) and 0.14 (0.05–0.33), 
respectively. Sensitivity analyses revealed similar results with lower heterogeneity.
Conclusions: Considering the efficacy, toxicity and current availability, afatinib could be a therapeutic 
option for advanced EGFR mutated NSCLC patients after the failure of 1st-generation TKIs.
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Introduction

Lung cancer has become the second most common cancer 
and the leading cause of death in both men and women in US 
and the most common incidence and leading cause cancer in 
China (1,2). Non-small-cell lung cancer (NSCLC) counts for 
over 85% of all lung cancer (3). For all advanced NSCLC, 
the previous standard treatment is platinum-based doublet 
chemotherapy for four to six cycles (4). However, during the 
past few decades, epidermal growth factor receptor-tyrosine 
kinase inhibitors (EGFR-TKIs) have been proved to be 
an effective choice for patients with EGFR mutation. The 
clinical benefit of the targeting EGFR signaling pathways for 
advanced NSCLC patients has been validated proved (5,6).  
The first-generation TKIs have become the standard  
first-line treatment for NSCLC patients with EGFR 
mutation, including the reversible inhibitors, gefitinib and 
erlotinib. While the second-generation TKI, afatinib, was 
designed covalently bind to and irreversible inhibit active 
ErbB receptor family members, which can cause longer 
suppression in kinase activity than first generation reversible 
TKIs. The most common adverse effects of EGFR-TKIs 
included diarrhea, skin deformation, stomatitis (7), mucositis, 
and paronychia. Clinically grade 3/4 adverse effects may lead 
to a dose reduction or treatment stop, most commonly seen 
in diarrhea and skin toxicity (8,9).

The frequency of EGFR mutations depended on the 
histology and ethnicity, which can be as high as 30–40% 
in an East Asian population with adenocarcinoma (10). 
Most clinical relevant EGFR mutations occurred within 
the four exons encoding the ATP-binding pocket of the 
kinase domain (exons 18–21). The most common mutation 
sites were deletions in exon 19 (19 Del) and point mutation 
in exon 21 (21 L858R), accounting for about 85% of all 
EGFR mutations in lung cancer. The first generation TKIs 
drugs including gefitinib and erlotinib could reversibly 
bind to these mutations. Many trials had confirmed the 
significant initial treatment response and obviously delay 
in tumor progression (11,12). However, drug resistance 
became almost inevitable, nearly all patients developed 
progression after a 10 months of treatment (13,14). The 
most common cause of acquired resistance was the presence 
of the EGFR mutation T790M; accounting for about 50–
60% of patients gained acquired resistance (9). Preclinical 
data suggested that afatinib is more active than first-
generation EGFR TKIs in NSCLC cell lines harboring 
T790M mutations. Besides, in vitro experiments shows that 
afatinib was 100 folds more active than gefitinib in L858R/

T790M double mutation patients in a cell free system (15). 
Since the tolerance was common in the first generation 
TKIs, the ability of afatinib irreversibly inhibiting EGFR and 
other targets within the ErbB family might improve upon 
first generation EGFR inhibitors and possibly overcome the 
resistance to these agents. Both in vitro and in vivo studies had 
suggested that afatinib was more active than first-generation 
EGFR-TKIs in cells or patients with T790M mutation. 
To the best of our knowledge, there was no pooled analysis 
to report the efficacy and toxicity of afatinib after the first 
generation TKIs in EGFR-positive patients. Therefore, a 
meta-analysis was conducted to solve the above question.

Methods

Search strategy and inclusion criteria

Literature search was conducted from the electronic 
databases in PubMed, Web of Science and Cochrane to 
before the end of June in 2016. The following search terms, 
treated as free text or mesh terms, were used: afatinib; 
NSCLC; EGFR; mutation; tyrosine kinase inhibitor; 
gefitinib; erlotinib. The search was restricted to human 
studies published in the English language. Abstracts from 
the American Society of Clinical Oncology (ASCO) and 
the European Society of Medical Oncology (ESMO) 
conferences between January 2008 and June 2016 were 
also searched for relevant clinical trials. Studies that met 
the following criteria were included: (I) studies focused on 
advanced NSCLC; (II) patients with EGFR mutation or the 
data of EGFR mutation subgroup was shown; (III) failure 
of the first generation EGFR-TKIs (gefitinib or erlotinib) 
before admission of afatinib and (IV) at least one outcome 
available regarding the treatment efficacy or adverse effects. 
Studies failing to meet the above inclusion criteria would be 
excluded from the meta-analysis.

Quality assessment

An open assessment of trials was performed by using 
the Newcastle-Ottawa quality assessment scale, which 
assessed trials from the aspects of selection (0–4 points), 
comparability (0–3 points) and outcome (0–2 points) (16).

Data extraction

Two reviewers independently extracted data from the 
included articles, based on Preferred Reporting Items for 
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Systematic Reviews and Meta-Analyses (PRISMA). Any 
discrepancies were resolved by consensus. For each study, 
the following data were collected: name of the first author; 
year of publication; study category; previous TKIs treatment; 
number of EGFR mutated patients; EGFR mutation type; 
outcomes of therapeutic efficacy and adverse effects.

Outcome and statistical analysis

The outcomes adopted were: (I) ORR (objective response 
rate); (II) DCR (disease controlled rate); (III) PFS 
(progression-free survival); (IV) OS (overall survival); and 
(V) primary grade 3 or 4 adverse events (AEs). Statistical 
analyses of ORR, DCR, 6 m-PFS rate, 1 y-PFS rate,  
6 m-OS rate and grade 3 or 4 AEs were pooled with the 
corresponding 95% confidence interval (CI) using R 
software version 3.2.5 (http://cran.r-project.org/).When OS 
and PFS could not be extracted from the original reports 
directly in some trials, the data were deciphered from the 
survival curves as reported. In the trial by Martin Schuler 
[2014], time to treatment failure (TTF) was adopted as 
endpoint, so we regarded TTF approximately as PFS for 
the minor variation. The heterogeneity between trials was 
estimated by using inconsistency statistic (I2). Heterogeneity 
was considered significant when P<0.05. Random effect 
model was used if heterogeneity existed. Otherwise, a fixed 

effect model was adopted. Sources of heterogeneity were 
evaluated by sensitivity analysis, based on the characteristics 
of EGFR mutation rate. A two-sided P value of <0.05 was 
considered statistically significant for results.

Results

Included studies

A total number of 545 EGFR-positive patients were 
available for analysis from five studies (four prospective and 
one retrospective) after detailed screening from 909 relevant 
studies (17-21). The selection process was summarized in 
Figure 1. The baseline characteristics of the included trials 
were summarized in Table 1. The quality assessment using 
the Newcastle-Ottawa quality assessment scale showed an 
average score of 6.8 (range: 0–9). All of the included studies 
were considered as high-quality studies with scores equal or 
above “5” (Table 2).

Efficacy and toxicity

The efficacy of afatinib in EGFR-positive patients after 
the progression of the first generation EGFR-TKIs was 
shown in Figure 2. The pooled ORR and DCR were  
0.12 (0.08–0.19) and 0.60 (0.53–0.68), respectively. Besides, 
the 6 m-PFS rate, 1 y-PFS rate and 6 m-OS rate were  
0.26 (0.22–0.30), 0.08 (0.06–0.10) and 0.74 (0.56–0.86). 
Similar to other EGFR-TKIs, diarrhea and skin deformity 
(rash and acne) were the most common adverse effects 
of afatinib. The severe adverse effect (grade 3 and 4) rate 
of diarrhea and skin deformity were 0.23 (0.10–0.46) and  
0.14 (0.05–0.33), respectively.

Sensitivity analyses 

Sensitivity analyses were conducted by excluding the 
study of Katakami et al. due to the part of extracted data 
included a small proportion (27.4%) of EGFR-negative/
unknown patients, which differed from other studies with 
100% EGFR-positive patients. The results of the sensitivity 
analyses were similar compared to the pooled result using 
a total of five studies, while the heterogeneity was much 
smaller (Figure 3). The 6 m-PFS rates, 1 y-PFS rates and  
6 m-OS rate were 0.27 (0.23–0.31), 0.08 (0.06–0.11) 
and 0.65 (0.56–0.73), respectively. Besides, grade 3 and  
4 adverse effects rates were 0.17 (0.16–0.40) for diarrhea and  
0.11 (0.06–0.18) for rash and acne.

Primary search  
(n=909)

Articles reviewed in detail  
(n=101)

Potentially relevant studies  
(n=32)

Eligible studies finally included  
(n=5)

Excluded by screening  
title and abstracts  

(n=808)

1. Reviews (n=51)
2. Included other carcinoma (n=9)
3. Duplicate (n=9)

1. Without separated EGFR 
mutation data (n=20)

2. Included other therapy (n=7)

Figure 1 Flow chart demonstrating the process of study selection.
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Table 2 Quality assessment of eligible studies using the Newcastle-Ottawa quality assessment scale

Lead Author [year] Selection1 Comparability2 Outcome3 Total scores4

Landi [2014] (17) 2 0 3 5

Schuler [2014] (18) 3 0 3 6

Katakami [2013] (19) 3 0 3 6

Schuler [2016] (20) 4 1 3 8

Lee [2016] (21) 4 1 3 8

1, selection (0–4 points): (I) representativeness of the exposed cohort (1 point, truly or somewhat representative of the average level in the community;  

0 point, selected group of users or no description of the derivation of the cohort); (II) selection of the non-exposed cohort (1 point, drawn from the same 

community as the exposed cohort; 0 point, drawn from a different source or no description of the derivation of the non-exposed cohort); (III) ascertainment 

of exposure (1 point, secure record or structured interview; 0 point, written self-report or no description); (IV) demonstration that outcome of interest 

was not present at start of study (1 point, yes; 0 point, no). 2, comparability (0–2 points) (2 points, study controls for the most important factor and 

any additional factor; 1 point, study controls for the most important factor or any additional factor; 0 point, study controls without the most important 

factor or any additional factor). 3, outcome (0–3 points): (I) assessment of outcome (1 point, independent blind assessment or record linkage; 0 point, 

self-report or no description); (II) was follow-up long enough for outcomes to occur (1 point, yes; 0 point, no); (III) adequacy of follow up of cohorts  

(1 point, complete follow up or subjects lost to follow up unlikely to introduce bias; 0 point, follow up rate <80% and no description of those lost, or no 

statement). 4, the quality score was ranked as low (≤4 points) or high (≥5 points).

Discussion

This meta-analysis summarized all the present evidence of 
the potential benefit and toxicity of afatinib therapy after 
the progression of first-generation EGFR-TKIs for EGFR-
positive advanced NSCLC. Pooled data showed 12% 
for ORR and 60% for DCR, while the pooled 6 m-PFS,  
1 y-PFS and 6 m-OS rates were 27%, 8% and 65%, which 
confirmed the benefits of afatinib therapy after the failure of 
first generation TKIs for advanced EGFR-positive patients. 
While severe adverse effects rates of afatinib were 17% 
for diarrhea and 11% for skin deformity, which were all 

controllable.
The strategies of subsequent treatments for EGFR-

positive patients with acquired resistance of 1st-generation 
EGFR-TKIs were limited. Chemotherapy has been a 
common option for those patients. The data of ORR 
was 18% and median PFS was 4.2 months for patients 
with chemotherapy alone in the previous study, but the 
hematologic and neurologic adverse effects were much 
more common in chemotherapy group (22). Considering 
the efficacy and toxicity, afatinib could be an optional 
choice compared with chemotherapy alone with much 

Table 1 Baseline characteristics of included trials in the meta-analysis

Lead author 

[year]

Country Study  

category

Previous TKI (%) EGFR  

mutant (%)

ORR (%) DCR (%) Median PFS 

 (m) (95% CI)

Median OS  

(m) (95% CI)

Grade3/4  

diarrhea (%)

Grade 3/4 skin 

toxicity (%)

Landi  

[2014] (17)

Italy Retrospective Gefitinib/erlotinib/both 

(44.8/46.9/8.3)

96/96 

(100.0)

10/86  

(11.6)

48/86  

(55.8)

3.9  

(3.26–4.6)

7.3  

(4.03–10.69)

10/95  

(10.5)

11/95  

(11.6)

Schuler  

[2014] (18)

Germany Prospective Gefitinib/erlotinib/both 

(NA)

325/325 

(100.0)

NA NA 4.61 (NA) NA NA NA

Katakami  

[2013] (19)

Japan Prospective Gefitinib/erlotinib/both 

(79.0/11.3/9.7)

45/62  

(72.6)

2/44  

(4.5)

29/44  

(65.9)

4.42  

(2.8–4.6)

19.02  

(14.9–NA)

23/622  

(37.1)

17/622  

(27.4)

Schuler  

[2016] (20) 

International Prospective Gefitinib/erlotinib/both 

(39.0/55.1/5.9)

54/54 

(100.0)

NA NA 4.0 (NA) NA NA NA

Lee  

[2016] (21)

China Prospective Gefitinib/erlotinib  

(56/44)

25/25 

(100.0)

5/25  

(20.0)

17/25  

(68.0)

4.1  

(2.7–5.5)

10.3  

(7.5–13.0)

7/25  

(28.0)

0/25 (0)

EGFR, epidermal growth factor receptor; TKI, tyrosine-kinase inhibitor; NA, not applicable; ORR, objective response rate; DCR, disease control rate; PFS, 

progression-free survival; OS, overall survival; CI, confidence interval. 1, TTF (time to treatment failure) was approximately regarded as PFS in this study; 2, 

these data include a small proportion (27.4%) of EGFR-negative/unknown patients.
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Figure 2 Forest plots of the efficacy and toxicity of afatinib treatment in advanced EGFR-positive patients after 1st-generation TKI failure. 
(A) ORR; (B) DCR; (C) 6 m-PFS; (D) 1 y-PFS; (E) 6 m-OS; (F) grade 3 and 4 diarrhea; (G) grade 3 and 4 rash & acne. ORR, objective 
response rate; DCR, disease control rate; 6 m-PFS, 6 months progression-free survival rate; 1 y-PFS, 1 year progression-free survival rate;  
6 m-OS, 6 months overall survival rate.



1985Journal of Thoracic Disease, Vol 9, No 7 July 2017

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2017;9(7):1980-1987jtd.amegroups.com

Figure 3 Sensitivity analyses of the efficacy and toxicity of afatinib treatment in advanced EGFR-positive patients after 1st-generation TKI 
failure. (A) 6 m-PFS; (B) 1 y-PFS; (C) 6 m-OS; (D) grade 3 and 4 diarrhea; (E) grade 3 and 4 rash & acne. 6 m-PFS, 6 months progression-
free survival rate; 1 y-PFS, 1 year progression-free survival rate; 6 m-OS, 6 months overall survival rate.

A

B

C

D

E

less adverse effects and slightly lower ORR. Moreover, 
several randomized controlled trials (RCTs) results 
showed no clinical benefit on the addition of first-
generation TKIs in combination with chemotherapy 
for those EGFR-positive patients after 1st-generation 
TKIs failure (23-25). Meanwhile, for advanced EGFR-
positive patients with acquired resistance, changing to 
other 1st generation TKIs seemed to be the inefficient 
treatment. Recent studies showed the ORR was 6.3% 
and DCR was 37.5% for EGFR mutated patients using 
erlotinib after failure of gefitinib, while the DCR of 
gefitinib administration after failure of erlotinib was 

33%. Based on all the evidence above, afatinib seems 
to be an optional strategy for EGFR-positive patients 
with acquired resistance of 1st-generation EGFR-
TKIs compared with chemotherapy, chemotherapy plus  
1st-generation TKIs or alteration of 1st-generation TKIs.

Systematic evaluation of genome-wide analysis showed 
mainly three different mechanisms for acquired resistance. 
Most patients (about 50%) showed T790M mutation 
in EGFR exon 20 after 1st-generation TKIs failure (9).  
Activation of alternate growth promoting signaling 
pathways such as PI3K/Akt, c-MET, IGF-R and HER-2  
were secondary mechanisms for acquired resistance (26-28).  
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Besides, malignant tissue conversion has been found in 
a small part of patients with acquired resistance. Recent 
breakthrough in the TKIs therapy occurs with the 
development of mutant selective pyrimidine-based third-
generation TKIs, typical drugs like AZD9291, WZ4002 
and CO-1686, which could irreversibly block T790M 
mutant EGFR, sparing the wild type (WT) receptor (29). It 
demonstrated that the ORR of AZD9291 in patients with 
EGFR T790M positive tumors was 56%, which was higher 
than that of 12% in terms of afatinib in our meta-analysis 
outcome. As for the adverse effects, rash and diarrhea 
occurred in 27% (Grade 3, 0%) and 20% (Grade 3, 1%),  
respectively (30). It could be concluded that the third 
generation TKIs may have higher efficacy and less toxicity 
for patients with acquired 1st-generation TKIs resistance. 
However, at present, AZD9291 was only approved in USA 
and Europe, which was unavailable for most patients in 
other areas unless limited medication from ongoing clinical 
trials. As a result, at present, afatinib could be a great option 
for EGFR-positive patients after1st-generation TKIs failure 
in the area without available third-generation TKIs.

This is the first pooled analysis focused on the efficacy 
and toxicity of afatinib in advanced EGFR-positive NSCLC 
patients after failure of 1st-generation TKIs. However, 
several limitations needed to be considered when interpreting 
our outcomes. First of all, the sample size of our study 
was not big because of limited original studies. We also 
searched for relevant clinical trials from the abstracts of 
ASCO and ESMO conferences to enrich available data. 
Secondly, all of the outcome data were obtained from 
literature review instead of individual patient data, which 
caused incomplete data for some outcomes. Thirdly, the 
enrolled study by Katakami et al. included a small proportion 
of EGFR-negative/unknown patients, which differed from 
other studies with 100% EGFR-positive patients. Hence, 
we made sensitivity analyses by excluding the data of this 
study. Finally, as we all know that 19 Del and 21 L858R 
were distinct EGFR-positive diseases, subgroup analysis of 
afatinib usage in the two cohorts respectively was preferred. 
However, we could not extract relative subgroup data from 
literature. Therefore, analyses from individual patient data 
are warranted to solve the above issue.

In conclusion, compared to the chemotherapy, 
chemotherapy plus 1st-generation TKIs and alteration 
of 1st-generation TKIs, afatinib seems to be an optional 
strategy for EGFR-positive patients with acquired resistance 
of 1st-generation TKIs with higher efficacy and less toxicity. 
Moreover, afatinib could be a therapeutic option for EGFR-

positive patients after1st-generation TKIs failure in the area 
without available third-generation TKIs.
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