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Abstract
Afatinib, a second-generation epidermal growth factor receptor (EGFR)—tyrosine kinase inhibitor (TKI) for mutant non-
small cell lung cancer (NSCLC), was approved in Japan in 2014. This study evaluated clinical outcomes of afatinib in real-
world practice. Medical records of patients who received afatinib for advanced EGFR-mutant NSCLC were retrospectively 
reviewed. In total, 128 patients were analyzed. Seventy-six patients received afatinib as the first-line setting and 52 as the 
re-challenge setting (i.e., after failure of prior first-generation TKI). There was no difference in patient characteristics, such 
as age, sex, and PS, between the first-line and the re-challenge settings. In the first-line setting, the median progression-free 
survival (PFS) was 17.8 months (95% confidence interval [CI] 13.7–21.5 months). The overall survival (OS) was 39.5 months 
(95% CI 34.4- not reached). The response rate (RR) was 64.4%. Subset analysis indicated that patients with dose reduction 
showed longer PFS than those without dose reduction (18.5 months versus 7.9 months) (P = 0.016). In the re-challenge set-
ting, the median PFS was 8.0 months (95% CI 4.9–9.5 months). The RR was 25%. Most common adverse events leading to 
dose modification or treatment discontinuation included diarrhea, paronychia, and oral mucositis in both settings. Interstitial 
lung disease occurred in 5.4% (7/128). In the real-world practice in Japan, afatinib showed comparable or better efficacy 
compared with that shown in previous clinical trials in both the first-line and the re-challenge settings.
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Abbreviations
NSCLC	� Non–small cell lung cancer
EGFR	� Epidermal growth factor receptor
TKIs	� Tyrosine kinase inhibitors
PFS	� Progression-free survival
OS	� Overall survival
IRB	� Institutional review board
RECIST	� Response Evaluation Criteria in Solid Tumors
AEs	� Adverse events
PS	� Performance status
NOS	� Not otherwise specified
CR	� Complete response
PR	� Partial response

SD	� Stable disease
CI	� Confidence interval
PD	� Progressive disease
ILD	� Interstitial lung disease

Introduction

Lung cancer is one of the most common malignancies in the 
world, with non-small cell lung cancer (NSCLC) account-
ing for 85% [1]. Currently, the most established target is the 
epidermal growth factor receptor (EGFR), a member of the 
ErbB kinase family of structurally related receptor tyros-
ine kinases. In human, the ErbB family consists of EGFR 
(HER1, ErbB1), HER2 (ErbB2), HER3 (ErbB3), and HER4 
(ErbB4) [2]. The prevalence of EGFR mutation is 50% in 
Asian patients with NSCLC [3].

NSCLC with EGFR mutations is recommended to treat 
with molecular target therapy with EGFR-tyrosine kinase 
inhibitors (TKIs) [4–8]. Recently, a phase III FLAURA trial 

Electronic supplementary material  The online version of this 
article (https​://doi.org/10.1007/s1203​2-019-1278-9) contains 
supplementary material, which is available to authorized users.

 *	 Hisashi Tanaka 
	 xyghx335@gmail.com

Extended author information available on the last page of the article

http://orcid.org/0000-0003-2009-0210
http://crossmark.crossref.org/dialog/?doi=10.1007/s12032-019-1278-9&domain=pdf
https://doi.org/10.1007/s12032-019-1278-9


	 Medical Oncology (2019) 36:57

1 3

57  Page 2 of 8

revealed that osimertinib has better progression-free survival 
(PFS) than the first-generation EGFR-TKIs (gefitinib and 
elrotinib) [9]. Afatinib, a second-generation EGFR-TKI, irre-
versibly blocks signaling through not only EGFR but also 
HER2 and ErbB4 [10, 11]. In two pivotal phase III studies, 
afatinib showed better PFS than standard platinum-based 
chemotherapy [8, 12]. In subgroup analysis of Lux-lung 3 
and Lux-lung 6 trials, afatinib provided a better overall sur-
vival (OS) benefit than standard chemotherapy [12]. The OS 
benefit with afatinib could be associated with its potential 
advantages in targeting the entire ErbB family rather than 
EGFR alone. In addition, Lux-lung 7 study revealed that 
afatinib might offer improved PFS compared with gefitinib 
[13].

Preclinical data suggested that afatinib is more active 
than first-generation EGFR-TKIs in NSCLC that acquired 
resistance to gefitinib or erlotinib [14]. Lux-lung 1 study, 
which examined the efficacy of afatinib in a re-challenge 
setting, did not show significant improvement in the OS, 
although the EGFR mutation status of the study subjects was 
not shown [15]. The efficacy of re-challenge treatment with 
afatinib for patients with EGFR-mutated metastatic NSCLC 
previously responsive to first-generation TKIs has not been 
clear. Here, we report a real-world data of afatinib in first-
line or re-challenge settings for Japanese patients with EGFR 
mutant NSCLC.

Patients and methods

Study design

This study was a multicenter retrospective study involv-
ing 5 institutions in Aomori, Japan. We reviewed medical 
records of all the patients who were treated with afatinib at 
the participating hospitals. In the first-line setting, chemo-
naïve patients were screened. In the re-challenge setting, 
patients who had disease progression or discontinuation 
due to toxicity for at least one of first-generation TKIs were 
included. Because, in Japan, osimertinib was approved for 
NSCLC patients with T790 M mutation in May 2016, we 
excluded the patients who were diagnosed as NSCLC with 
T790 M mutation after May 2016. The study was performed 
according to the protocol approved by the ethics committee 
of each participating hospital. Institutional Review Board of 
Hirosaki University approved this study (approval number: 
2016-1108). Because this was a retrospective cohort study, 
informed consent was waived. Opt out was done on the web 
site of Hirosaki University.

Evaluation and statistical analysis

All analyses were performed using JMP 13 (SAS Institute, 
Cary, NC, USA). PFS and OS were estimated using the 
Kaplan–Meier method. PFS has been defined as the time 
from the date of treatment initiation to the date of disease 
progression, death, or the last contact. If either event was 
not observed, survival event was considered to be cen-
sored with the latest observation date. If post-treatment 
is started, survival event was considered to be censored 
with the date of initiation of the next line chemotherapy. 
OS was defined as the time from the treatment initiation 
to any death. Tumor responses were assessed using chest 
computed tomographic scan. Unidirectional measurements 
were adopted on the basis of the Response Evaluation Cri-
teria in Solid Tumors (RECIST), version 1.1. The adverse 
events (AEs) were graded using National Cancer Institute 
Common Toxicity Criteria Version 4.0. Differences were 
assumed to be significant when a P value of < 0.05 was 
achieved.

Results

Patient characteristics

From October 2014 to January 2017, a total of 128 patients 
were screened from 5 participating institutions in Aomori, 
Japan. Seventy-six patients received afatinib in the first-
line setting (the first-line group) and 52 in the re-challenge 
setting (the re-challenge group). Table 1 showed the char-
acteristics of the eligible patients.

In the first-line group, the median age was 68 years 
(range, 42–88 years), and 52 patients (68.4%) were under 
75 years. There were 52 female patients (68.4%). The num-
ber of patients with a performance status (PS) 0–1 was 67 
(88.1%). Only 3 (3.9%) patients had poor PS (3–4). Sev-
enty-four patients (97.4%) had adenocarcinoma histology. 
Only one patient (1.3%) had squamous cell carcinoma, and 
another patient (1.3%) had NSCLC not otherwise specified 
(NOS). Nine patients (11.8%) had stage IIIB, 45 (59.3%) 
had stage IV, and 22 (28.9%) had recurrent disease. The 
EGFR mutation status was as follows: exon 19 deletion/
exon 21 L858R/exon 18 G719X in 46/28/2, respectively.

In the re-challenge group, the median age was 65 years 
(range, 39–90 years), and 41 patients (78.9%) were female 
sex. Most patients (88.4%) had PS 0–1. The EGFR muta-
tion status was as follows: exon 19 deletion/exon 21 
L858R/exon 18 G719X in 29/21/2, respectively. Gefi-
tinib was used most frequently as the previous treatment. 
Thirty-eight patients (73.1%) received afatinib as the 3rd 
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or later line treatment. On the other hand, 14 patients 
(26.9%) were treated as the second line. In the second line 
setting, twelve (85.7%) discontinued the prior EGFR-TKI 
treatment due to its toxicity.

Efficacy

•	 The response to afatinib treatment in the first-line setting 
is summarized in Table 2. One patient achieved complete 
response (CR) and 48 patients attained a partial response 
(PR). The ORR was 64.4%. Sixteen patients (34.3%) had 

stable disease (SD). The median PFS was 17.8 months 
(95% confidence interval [CI] 13.7–21.5) (Fig.  1a). 
The OS was 39.5 months (95% CI 34.4- not reached) 
(Fig. 1b). We conducted additional subgroup analysis 
about relationship between patient characteristics and 
survival outcome. There was no difference in median 
PFS and OS according to age (≤ 74 or 75 ≤) (Supple-
mentary Fig. 1). The ORR was 74.9% in elderly group. 
One patient CR and 17 patients attained a PR. Fifty-eight 
patients (76.3%) received reduced dose of afatinib due to 
adverse events. However, dose reduction did not affect 
its efficacy in terms of OS (39.5 months in the patients 
with dose reduction vs. not yet reached in those without, 
P = 0.37). Moreover, the patients with dose reduction 
showed even longer PFS than those without (18.5 months 
and 7.9 months, respectively) (P = 0.018) (Fig. 1c). There 
was no difference in median PFS and OS between the 
patients with exon 19 deletion and those with exon 21 
L858R mutation (Supplementary Fig. 2). There were 
two patients with minor mutation in the first-line setting. 
One patient had PR and the other had SD. The PFS was 
7.8 months in these two patients.

In the re-challenge setting, 1 patient had CR and 12 
attained PR. The RR was 25%, and 29 patients (55.9%) had 
SD (Table 2). The median PFS was 8.0 months (95% CI 
4.9–9.5) (Fig. 2). There was no difference in median PFS 
according to mutation status or prior TKI regimen. In second 
line setting, there were twelve (85.7%) of 14 patients who 
discontinued the prior EGFR-TKI treatment due to its toxic-
ity. We conducted additional analysis of ORR and PFS of 12 
patients excluded. The ORR was 22%, and the median PFS 
was 5.7 months (95% CI 3.3–7.6) (Supplementary Fig. 3).

T790 M status after first‑line afatinib

Forty-eight patients had progressive disease (PD) at the 
time of analysis, 28 patients underwent re-biopsy. Sixteen 
patients (57.1%) were positive of T790 M after the first-line 

Table 1   Patient characteristics (N = 128)

ECOG Eastern Cooperative Oncology Group, PS performance status, 
EGFR epidermal growth factor receptor, NOS not otherwise specified

Characteristic First line setting 
(N = 76)

Re-challenge 
setting 
(N = 52)

Gender
 Male 24 (31.6) 11 (21.1)
 Female 52 (68.4) 41 (78.9)

Age (years), median (range) 68 (42–88) 65 (37–90)
 < 75 52 (68.4) 38 (73.1)
 75≧ 24 (31.6) 14 (26.9)

ECOG PS, n (%)
 0–1 67 (88.1) 46 (88.4)
 2 6 (8.0) 4 (7.7)
 3–4 3 (3.9) 2 (3.9)

Clinical stage n (%)
 IIIB 9 (11.8) –
 IV 45 (59.3) –
 Recurrence 22 (28.9) 52 (100)

Histological type, n (%)
 Adenocarcinoma 74 (97.4) 51 (98.0)
 Squamous 1 (1.3) 1 (2.0)
 NOS 1 (1.3) 0

Smoking history, n (%)
 Never smoker 56 (73.7) 45 (86.5)
 Light smoker 20 (26.3) 7 (13.5)
 EGFR mutation, n (%)
 Exon 19 del 46 (50.7) 29 (55.8)
 Exon 21 L858R 28 (46.7) 21 (40.4)
 Exon 18 G719 2 (2.6) 2 (3.8)

Treatment line, n (%)
 1 76 (100) 0
 2 0 14 (26.9)
 3 0 20 (38.5)
 More than 4 0 18 (34.6)

Previous treatment
 Gefitinib – 37 (73.1)
 Erlotinib – 9 (15.4)
 Both – 6 (11.5)

Table 2   Overall response to treatment

Response Number of patients (%)

First-line setting 
(N = 76)

Re-challenge 
setting 
(N = 52)

Complete response 1 (1.3) 1 (1.9)
Partial response 48 (63.1) 12 (23.1)
Stable disease 16 (34.3) 29 (55.9)
Progressive disease 1 (1.3) 6 (11.5)
Not evaluable 10 (7.6) 4 (7.6)
Response rate (%) 64.4% 25%
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afatinib treatment. The OS data of T790 M positive cases 
was 42.3  months (95% CI 26.9–42.5) (Supplementary 
Fig. 4).

Toxicity analysis

The major toxicities in both settings are shown in Table 3. 
Most of the patients who received afatinib needed dose 
reduction. The primary reasons for dose reduction 
included diarrhea, paronychia, and oral mucositis. Grade 
3 or higher hematologic toxicities observed were anemia 
(5.2%) in the first-line setting and neutropenia (3.8%) and 
anemia (3.9%) in the re-challenge setting. Grade 3 non-
hematologic toxicities observed frequently included skin 
rush (11.8%), anorexia (14.4%), and diarrhea (7.8%) in 
the first-line setting and, rush (4.3%), anorexia (7.6%), 
diarrhea (13.4%) in the re-challenge setting. Grade 1 or 2 
non-hematologic toxicities were fatigue, paronychia, oral 
mucositis, abnormal liver dysfunction and infection, which 
were generally mild and reversible. Interstitial lung disease 
(ILD) was observed in 7 patients (5.7%). There was no 
grade 4 or 5 ILD in this study.

Fig. 1   Kaplan-Meier analysis of progression-free survival in the first-line setting. The median progression-free survival was 17.8 months  (a). 
The overall survival was 39.5 months (b). The reduction group showed even longer PFS than the no reduction group (c)

Fig. 2   Kaplan-Meier analysis of progression-free survival in the re-
challenge setting. The median PFS was 8.0 months
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Discussion

This is one of the largest real-world studies that evalu-
ated the efficacy of afatinib for patients with advanced 
NSCLC harboring EGFR mutations in both the first-line 
and the re-challenge settings. In the first-line setting, we 
revealed afatinib provided PFS of 17.8 months and OS of 
39.5 months, which were longer than the numbers shown 
in Lux-lung 3 (11.1 months and 33.3 months, respec-
tively), Lux-lung 6 (11.0 months and 31.4 months, respec-
tively), and Lux-lung 7 (11.0 months and 27.9 months, 
respectively) studies [8, 13, 16]. Recently, Liang and col-
leagues evaluated the real-world efficacy of afatinib in 
patients with EGFR mutations in Taiwan and reported that 
median PFS and OS were 12.8 and 36.7 months, respec-
tively [17]. Although the OS was close to our data, the 
PFS was longer.

A third-generation EGFR-TKI, osimertinib, has recently 
been compared with gefitinib or erlotinib in the global phase 
III FLAURA trial [9]. The median PFS was 18.9 months in 
the osimertinib arm, although OS data are currently imma-
ture. However, second-generation EGFR-TKIs were not 
included in the comparator arm, which made it difficult to 
draw conclusions regarding potential benefits of osimertinib 
over afatinib or dacomitinib in the first-line setting. In our 
study, the PFS data were comparable to that of osmertinib 
shown in the FLAURA trial. Moreover, in an observational 
study, Hochmair and colleagues reported long OS outcome 
in patients with EGFR mutation-positive NSCLC receiv-
ing sequential afatinib and osimertinib, especially in those 
with exon 19 deletion (30.3 months [90% CI 27.6–44.5]) or 
Asian (46.7 months [90% CI 26.8-not reached]) [18]. They 
suggested that first-line afatinib followed by osimertinib in 

patients with NSCLC who acquire T790 M might be a fea-
sible therapy.

In our study, which included elderly patients (31.6%), 
there were no differences in median PFS and OS between 
younger patients and elderly. There have been a few reports 
that prospectively evaluated the efficacy and safety pro-
file of afatinib in the elderly patients. Imai and colleagues 
recently reported the first study of afatinib (30 mg/day) for 
the elderly (70 ≤) patients harboring sensitive EGFR muta-
tions. The median PFS was 12.9 months [19]. Our data of 
the PFS in elderly were 15.4 months. Paz-Ares and col-
leagues reported that there was no difference in OS among 
patient subgroups and that similar median OS was seen at 
cutoffs of 60, 65, 70, and 75 years old [13, 20]. Moreover, 
we previously reported the phase I trial of afatinib for elderly 
patients (75 ≤). Although dose reduction rate of afatinib was 
high, the response rate was as high as 73.3% and PFS was 
22 months (95% CI 13.1- not reached) [21].

The most frequent drug-related AEs in the current study 
were diarrhea, rash, paronychia, and oral mucositis, which 
were main reasons for the dose modification. However, the 
dose reduction did not affect the efficacy of afatinib. Prefer-
ably, the patients with dose reduction showed even longer 
PFS than those without dose reduction. In our study, inter-
stitial lung disease was observed in 5.7%, which was similar 
to the numbers in previous reports [21].

In the present study, two patients with G719X, one of 
minor mutations of EGFR gene, were included and their 
median PFS was 7.8 months, although the sample size was 
too small to discuss the efficacy of afatinib for NSCLC with 
minor mutations. EGFR mutations G719X and L861Q are 
found in approximately 3% and 2% in NSCLC with EGFR 
mutation, respectively [22]. In a retrospective study that 

Table 3   Toxicity in patients 
treated with afatinib

CTCAE Common Terminology Criteria for Adverse Events, AST aspartate aminotransferase, ILD intersti-
tial lung disease

Afatinib Frist-line setting (N = 76) n (%) Re-challenge setting (N = 52) n (%)

Grade (CTCAE) v4.0 1–2 3 4 1–2 3 4
Neutropenia 7 (9.1) 0 0 3 (5.7) 1 (1.9) 1 (1.9)
Anemia 18 (23.6) 4 (5.2) 0 14 (27.4) 2 (3.9) 0
Thrombocytopenia 2 (2.6) 0 0 1 (1.9) 0 0
Anorexia 17 (22.3) 11 (14.4) 0 7 (13.4) 4 (7.6) 0
Fatigue 17 (22.3) 0 0 9 (17.2) 1 (1.9) 0
Diarrhea 61 (80.1) 6 (7.8) 0 36 (49.2) 7 (13.4) 0
Rash 57 (74.9) 9 (11.8) 0 42 (80.7) 2 (4.3) 0
Paronychia 53 (69.7) 1 (1.3) 0 38 (73.0) 0 0
Oral mucositis 47 (61.7) 2 (2.6) 0 22 (42.2) 0 0
Increased AST 37 (48.6) 4 (5.2) 0 24 (46.1) 3 (5.7) 0
Infection 10 (14.4) 3 (4.3) 0 5 (10.7) 2 (4.3) 0
Increased creatinin 19 (24.9) 2 (2.6) 0 15 (28.8) 0 0
ILD 1 (1.3) 2 (2.6) 0 3 (5.7) 1 (1.9) 0
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included 16 patients with minor mutations, first-generation 
EGFR-TKIs provided the median PFS of 1.5 months and the 
RR of 25.0% [23]. Yang and colleagues reported the efficacy 
of afatinib in 38 patients with advanced NSCLC harboring 
minor mutations. The RR was 71.1%, and the median PFS 
and OS were 10.7 and 18.6 months, respectively [24]. These 
data suggest that, in NSCLC patients with minor mutations, 
afatinib may have greater efficacy than first-generation 
EGFR-TKIs.

In the re-challenge setting, the RR was 25%, and 29 
patients (55.9%) had SD. The median PFS was 8.0 months 
(95% CI 4.9–9.5). We summarized 4 prospective stud-
ies and 1 retrospective study that evaluated the efficacy of 
afatinib on NSCLC patients in whom prior EGFR-TKIs 
failed (Table 4). The Lux-lung 1 investigated the efficacy 
of afatinib in patients who had PD after first-generation 
EGFR-TKI, which showed improvement of a median PFS 
in those treated with afatinib without improvement in the 
OS. EGFR mutation status was not evaluated in the Lux-
lung 1 study [25]. Lux-lung 4 study was a phase II trial in 
Japan, which evaluated the efficacy of afatinib monother-
apy as the in third- or fourth-line treatment in patients with 
NSCLC who had PD while receiving erlotinib and/or gefi-
tinib treatment. The ORR was 8.2%, which did not meet the 
primary endpoint, and the median PFS was 4.4 months [26]. 
In another prospective study, Lee and colleagues reported 
afatinib might offer improved PFS and ORR compared with 
erlotinib in Chinese patients [27]. Other studies also showed 
that afatinib provided approximately 4 months of PFS [28, 
29]. Our study showed better PFS compared to these previ-
ous reports.

In our study, 14 patients (26.9%) received afatinib as 
the second line treatment. Twelve patients (85.7%) of them 

discontinued prior EGFR-TKI treatment due to toxicity, 
which might be one of the main reasons for their long PFS.

Chemotherapy has been a common option for the patients 
who had PD for EGFR-TKI. In the previous clinical tri-
als, ORR ranged about 8.8–22.9% and median PFS was 
2.9–4.5 months for patients who received chemotherapy [30, 
31]. The hematologic adverse effects were more common in 
chemotherapy. Considering the efficacy and toxicity, afatinib 
could be a treatment choice as salvage therapy.

In our clinical practice, osimertinib has been used in 
the first-line treatment for EGFR mutant NSCLC. The effi-
cacy data of the first- or second-generation EGFR-TKIs for 
patients with T790 M negative NSCLC who had PD after 
osimertinib is needed.

The present study has some limitations. First, because 
our study was retrospective, the schedule of image inspec-
tion of tumor was not determined, which might affect the 
PFS estimation. Second, efficacy measurements were not 
taken by central review but by each investigator. Finally, 
as we collected the data before approval of osimertinib in 
Japan, T790 M mutation was not examined. Since T790 M 
positive patients are currently treated with osimertinib, re-
challenge data in patients with T790 M negative NSCLC 
will be required.

Conclusions

In conclusion, afatinib showed a manageable safety profile 
and comparable or better efficacy in real-world practice in 
both the first-line and the re-challenge settings compared 
with those described in previous reports. Dose reduction or 
age factor did not affect the efficacy of afatinib.

Table 4   Summary of  previous 
trials

EGFR epidermal growth factor receptor, ORR overall response rate, PFS progression-free survival, NE not 
evaluated

Reference Regimen EGFR (+) ORR PFS (months)

LUX-Lung1 (25)
(n = 585)
prospective

Afatinib vs Placebo NE 7% vs < 1% 3.3 vs 11.1

LUX-Lung 4 (26)
(n = 62)
prospective

Afatinib 72.6% 8.2% 4.4

Lee et al. (27)
(n = 53)
prospective

Afatinib vs. erlotinib 100% 20% vs 7.1% 4.1 vs 3.3

Chang et al. (28)
Retro
(n = 205)

Gefitinib Afatinib Erlotinib 100% 7.3% 4.1

Schuler et al. (29)
prospective
(n = 325)

Afatinib 100% NE 4.6

Present Study Afatinib 100% 25% 8.0
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