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Background
Approximately 50% of Asian patients with 
advanced non-small cell lung cancer (NSCLC) 
harbor EGFR mutations.1,2 Treatment with 
EGFR-targeting agents, the first- and second-gen-
eration EGFR-tyrosine kinase inhibitors (TKIs), 

has greatly improved the survival outcomes of 
patients of EGFR mutation-positive NSCLC.3,4

The first-generation EGFR-TKIs gefitinib and erlo-
tinib, which are reversible inhibitors that bind to 
EGFR/ErbB1 non-covalently,5 have demonstrated 
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Progression-free survival (PFS), overall survival (OS) and secondary T790M mutations were 
analyzed.
Results: The gefitinib/erlotinib and afatinib groups each contained 206 patients after 
matching. Compared with gefitinib/erlotinib, patients receiving afatinib achieved longer 
median PFS (16.3 versus 14.2 months; log-rank test p = 0.020) and had a lower risk of 
progression [hazard ratio (HR) 0.73 (95% confidence interval (CI), 0.57–0.94); p = 0.017]. Median 
OS (37.3 versus 34.2 months; log-rank test p = 0.500) and reduction in risk of death [HR 0.89 
(95% CI, 0.65–1.23); p = 0.476] did not differ significantly between groups. T790M positivity 
was significantly higher in the gefitinib/erlotinib than afatinib group (70.9% versus 44.6%, 
p < 0.001). Multivariate analysis demonstrated that afatinib was independently associated 
with lower T790M positivity [odds ratio (OR) 0.27 (95% CI, 0.14–0.53); p < 0.001], whereas 
⩾12 months PFS after EGFR-TKI treatment [OR 3.00 (95% CI, 1.56–5.98); p = 0.001] and 
brain metastasis [OR 2.12 (95% CI, 1.08–4.26); p = 0.030] were associated with higher T790M 
positivity. Sequential third-generation EGFR-TKI treatment was administered to 63 patients, 
in whom median OS after the second–third-generation and first–third-generation EGFR-TKI 
sequences were 38.8 and 29.1 months, respectively.
Conclusion: Compared with gefitinib/erlotinib, afatinib had a higher treatment efficacy and a 
lower secondary T790M positivity in a large, real-world cohort of Asian patients with EGFR-
mutated NSCLC.
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superior efficacies compared with platinum-based 
chemotherapy in numerous randomized controlled 
trials.6–9 Afatinib, a second-generation EGFR-TKI 
that exhibits a broader spectrum of ErbB family 
suppression and irreversibly and covalently binds to 
ErbB receptors,10 is also an approved front-line 
treatment for EGFR mutation-positive NSCLC.11,12

Although afatinib possesses a broader capacity to 
suppress ErbB than gefitinib and erlotinib, the 
degree of translation to clinically relevant effec-
tiveness tends to be somewhat moderate. In the 
previous head-to-head comparative LUX-Lung 7 
trial,13 afatinib versus gefitinib led to a statistically 
significant risk reduction, whereas the benefits in 
terms of median and 1-year progression-free sur-
vival (PFS) were less clinically meaningful. 
Overall survival (OS), though not a primary end-
point, was not statistically different between the 
afatinib and gefitinib treatment arms.13 In a simi-
lar study comparing another second-generation 
EGFR-TKI, dacomitinib, with gefitinib, higher 
PFS and OS were observed in the dacomitinib 
group; however, this study involved a highly 
selected cohort of patients with NSCLC without 
brain metastasis.14 With regard to acquired drug 
resistance, the threonine-to-methionine substitu-
tion at amino acid position 790 in exon 20 
(T790M) of EGFR underlies the major mecha-
nism of resistance to first- and second-generation 
EGFR-TKI treatment. The frequency of the 
EGFR T790M mutation is approximately 50% 
for patients acquiring resistance to gefitinib or 
erlotinib, whereas the rate of the T790M muta-
tion in patients receiving afatinib was reported to 
be lower in other studies.15–19 However, direct 
comparisons of the incidence of the T790M 
mutation in large cohorts of patients who under-
went first- and second-generation EGFR-TKI 
treatment are lacking.

Given that patients enrolled to clinical trials do 
not usually reflect the whole picture of patients 
with NSCLC in daily practice, analyses generated 
from real-world patients represent a valuable 
source of knowledge that supplements rand-
omized controlled studies.20 Limited compari-
sons of first- and second-generation EGFR-TKIs 
have been conducted in large, real-world cohorts 
of Asian patients with NSCLC. The present study 
aimed to analyze the treatment efficacy of EGFR-
TKIs and acquired T790M resistance in a large 
cohort of Asian patients with EGFR-mutated 
NSCLC from a single institution electronic 
database.

Methods

Patients and treatment
In the present study, we analyzed patients diag-
nosed with advanced NSCLC with common 
EGFR mutations (exon 19 deletion or L858R) 
who received front-line EGFR-TKI treatment, 
including gefitinib, erlotinib or afatinib. These 
three drugs were reimbursed by Taiwan’s 
National Health Insurance for first-line treatment 
of advanced EGFR-mutated NSCLC between 
2011 and 2014. Therefore, eligible patients 
treated between January 2014 and December 
2019 were retrospectively included. All patients 
received EGFR-TKI treatment at a daily dose of 
250 mg gefitinib, 150 mg erlotinib or 40 mg 
afatinib; patients who received EGFR-TKI treat-
ment for less than one week were excluded. PFS 
was defined as the interval between the date of 
starting EGFR-TKI treatment and the date of 
radiologically or clinically determined progres-
sion or death. Treatment responses, including 
complete response (CR), partial response (PR), 
stable disease, and progressive disease, were eval-
uated according to the Response Evaluation 
Criteria in Solid Tumors (version 1.1). This study 
assessed data from the Chang Gung Research 
Database and the study protocol was approved by 
the Ethics Committee of Chang Gung Memorial 
Hospital (No. 201901341A3).

Statistical analysis
The Mann–Whitney test was used to determine 
the significance of the differences in continuous 
variables between the two groups and Fisher 
exact test was used to evaluate categorical varia-
bles. Kaplan–Meier survival curves were gener-
ated using the R package survival, and hazard 
ratios (HRs) were calculated using the Cox 
regression model. Propensity-score matched 
analysis was employed to balance the clinical 
characteristics of the treatment groups. Briefly, 
the afatinib and gefitinib/erlotinib groups served 
as the dependent variables, and the covariates 
included age, sex, Eastern Cooperative Oncology 
Group performance status (ECOG PS), smoking 
status, EGFR mutation subtypes and brain metas-
tasis. Paired patients treated with afatinib or gefi-
tinib/erlotinib with equivalent propensity scores 
were selected in a 1:1 manner using the R pack-
age MatchIt. All reported p-values are two sided; 
p < 0.05 was considered statistically significant. 
Data were also analyzed using SPSS (version 
10.1; SPSS, Chicago, IL, USA).
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Results

Baseline patient characteristics
Of the 612 patients with treatment-naïve, EGFR 
mutation-positive NSCLC, 120 (19.6%) received 
gefitinib, 147 (24.0%) received erlotinib and 345 
(56.4%) received afatinib as the first-line treat-
ment. The baseline characteristics of the patients 
in the first-generation (gefitinib/erlotinib) and 
second-generation groups were compared. Some 
clinical features were similar between the two 
groups, including smoking status, disease stage 
and the presence of liver metastasis; however, 
most variables were significantly different between 
the groups (Table 1). In real-world practice, 
patients who received afatinib treatment were 
more likely to be younger, male, have better 
ECOG performance status, have EGFR exon 
19del mutations and were less likely to have brain 

metastasis compared with patients who received 
gefitinib/erlotinb.

Cox regression survival analyses for all patients
Multivariate Cox regression analyses were per-
formed to determine the independent factors that 
impact PFS and OS in the 612 study participants. 
An ECOG PS 0-1 [HR 0.59 (95% confidence 
interval (CI), 0.45–0.78); p < 0.001] and afatinib 
treatment [HR 0.78 (95% CI, 0.63–0.98); 
p = 0.033; Table 2] were predictive of better PFS. 
In contrast, brain metastasis [HR 1.35 (95% CI, 
1.08–1.68); p = 0.008] and male gender [HR 1.32 
(95% CI, 1.02–1.70); p = 0.033; Table 2] were 
associated with lower PFS.

An ECOG PS 0–1 [HR 0.39 (95% CI, 0.28–
0.55); p < 0.001; Table 2] was an independent 

Table 1. Overall patient characteristics.

Total (%) Gefitinib/erlotinib Afatinib p-value

 N = 612 n = 267 n = 345

Age ⩾65 years 350 (57.2) 193 (72.2) 157 (45.5) <0.001

ECOG PS 0–1 510 (83.3) 194 (72.7) 316 (91.6) <0.001

Gender

 Male 232 (37.9) 91 (34.1) 141 (40.9) 0.093

Current/ex-smoker 134 (21.9) 62 (23.2) 72 (20.9) 0.492

Histology

 Adenocarcinoma 604 (98.7) 264 (98.9) 340 (98.6) 1.000

 Others 8 (1.3) 3 (1.1) 5 (1.4)  

EGFR mutation

 L858R 328 (53.6) 162 (60.7) 166 (48.1) 0.002

 19deletion 284 (46.4) 105 (39.3) 179 (51.9)

Disease stage

 IIIB 39 (6.4) 17 (6.4) 22 (6.4) 1.000

 IV 573 (93.6) 250 (93.6) 323 (93.6)

Site of metastasis

 Brain 211 (34.4) 113 (42.3) 98 (28.4) <0.001

 Liver 73 (11.9) 33 (12.4) 40 (11.6) 0.801

ECOG PS, Eastern Cooperative Oncology Group performance status.
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predictor for better OS, whereas the EGFR 
L858R mutation [HR 1.36 (95% CI, 1.04–1.80); 
p = 0.027], brain metastasis [HR 1.35 (95% CI, 
1.02–1.78); p = 0.034] and liver metastasis [HR 
1.45 (95% CI, 0.99–2.11); p = 0.053; Table 2] 
were associated with poorer OS.

Treatment outcomes of EGFR-TKIs in the 
propensity-score matched patients
Propensity-score matching was implemented in a 
1:1 manner for the first- and second-generation 
EGFR-TKI groups. A 412-patient propensity-
score matched cohort was obtained, in which 
each of the two groups contained 206 patients 
with balanced clinical profiles (Table 3). The 
median follow-up duration was 24.1 months and 
26.6 months in the gefitinib/erlotinib and afatinib 

groups, respectively. By the end of follow-up, 134 
(65.0%) disease progression or death events were 
observed in the gefitinib/erlotinib group and 110 
(53.4%) events were noted in the afatinib group. 
Compared with gefitinib or erlotinib, patients 
receiving afatinib treatment achieved longer 
median PFS (16.3 versus 14.2 months; log-rank 
test, p = 0.020), had a lower reduction in the risk 
of disease progression [HR 0.73 (95% CI, 0.57–
0.94); p = 0.017] and had a higher 24-month PFS 
rate [40.4% (95% CI, 33.3–49.1%) versus 24.8% 
(95% CI, 18.6–33.1%); Figure 1(a)].

Similarly, improved objective responses were 
noted in patients who received second-generation 
versus first-generation EGFR-TKI (68.4% versus 
74.8%, p = 0.190). The CR and PR were 0.50% 
and 67.9%, respectively, in the gefitinib/erlotinib 

Table 2. Cox regression analysis of progression-free survival and overall survival.

Variable Univariate analysis Multivariate analysis

 HR 95% CI p-value HR 95% CI p-value

Progression free survival

 Age ⩾65 years 1.01 0.83–1.24 0.894 – – –

 ECOG PS 0, 1 0.49 0.38–0.63 <0.001 0.59 0.45–0.78 <0.001

 Male 1.24 1.01–1.53 0.038 1.32 1.02–1.70 0.033

 Current/ex-smoker 1.30 1.02–1.64 0.031 1.14 0.86–1.51 0.380

 EGFR L858R 1.20 0.98–1.47 0.090 – – –

 Afatinib treatment 0.68 0.55–0.83 <0.001 0.78 0.63–0.98 0.032

 Brain metastasis 1.53 1.23–1.89 <0.001 1.35 1.08–1.68 0.008

 Liver metastasis 1.54 1.15–2.06 0.004 1.31 0.96–1.79 0.085

Overall survival

 Age ⩾65 years 1.20 0.92–1.56 0.186 – – –

 ECOG PS 0, 1 0.35 0.26–0.48 <0.001 0.39 0.28–0.55 <0.001

 Male 1.12 0.86–1.47 0.401 – – –

 Current/ex-smoker 1.11 0.82–1.51 0.487 – – –

 EGFR L858R 1.32 1.01–1.72 0.044 1.36 1.04–1.80 0.027

 Afatinib treatment 0.73 0.56–0.95 0.021 1.01 0.75–1.35 0.961

 Brain metastasis 1.52 1.16–2.00 0.002 1.35 1.02–1.78 0.034

 Liver metastasis 1.72 1.20–2.46 0.003 1.45 0.99–2.11 0.053

CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; HR, hazard ratio.
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group. In the afatinib group, the CR and PR were 
1.9% and 72.9%, respectively. The median OS 
(37.3 versus 34.2 months; log-rank test, p = 0.500) 
and reduction in the risk of death [HR 0.89 (95% 
CI, 0.65–1.23); p = 0.476] did not differ signifi-
cantly between the second- and first-generation 
EGFR-TKI groups. The 24-month OS rate was 
also similar between the two groups [67.8% (95% 
CI, 61.0–75.4%) versus 65.5% (95% CI, 58.01–
74.0%); Figure 1(b)].

Subgroup analysis of PFS and OS
Subgroup analyses of PFS based on clinical 
characteristics suggested that afatinib improved 
PFS compared with gefitinib/erlotinib across 
most subgroups. In contrast, the subgroups of 
patients with an ECOG PS ⩾2 [HR 1.37 (95% 
CI, 0.72–2.63); p = 0.337] and who had liver 
metastasis [HR 1.54 (95% CI, 0.82–2.92); 

p = 0.181; Figure 2] tended to receive more ben-
efit from gefitinib/erlotinib treatment. The PFS 
benefit associated with first- and second-genera-
tion EGFR-TKI treatment tended to be affected 
significantly by ECOG PS status (interaction, 
p = 0.043) and marginally affected by liver metas-
tasis status (interaction, p = 0.087; Figure 2). 
Although OS did not differ significantly between 
the second- and first-generation EGFR-TKI 
groups, subgroup analyses of OS demonstrated 
that patients who had a smoking history [HR 
0.51 (95% CI, 0.25–1.01); p = 0.054] tended to 
receive more benefit from afatinib treatment, 
whereas patients with an ECOG PS ⩾2 [HR 
2.38 (95% CI, 1.12–5.07); p = 0.024; Figure 3] 
tended to receive more benefit from gefitinib/
erlotinib treatment. The OS benefit associated 
with first- and second-generation EGFR-TKI 
treatment tended to be significantly affected by 
ECOG PS status (interaction, p = 0.007) and 

Table 3. Patient characteristics of the propensity-score matched cohort.

Total (%) Gefitinib/erlotinib Afatinib p-value

 N = 412 n = 206 n = 206

Age ⩾65 years 271 (65.8) 138 (66.9) 133 (64.5) 0.678

ECOG PS 0–1 364 (88.3) 179 (86.9) 185 (89.8) 0.443

Gender

 Male 147 (35.7) 73 (35.4) 74 (35.9) 1.000

Current/ex-smoker 85 (20.6) 47 (22.8) 38 (18.4) 0.330

Histology

 Adenocarcinoma 405 (98.3) 203 (98.5) 202 (98.1) 1.000

 Others 7 (1.7) 3 (1.5) 4 (1.9)  

EGFR mutation

 L858R 240 (58.3) 118 (57.3) 122 (59.2) 0.764

 19deletion 172 (41.7) 88 (42.7) 84 (40.8)

Disease stage

 IIIB 30 (7.3) 15 (7.3) 15 (7.3) 1.000

 IV 382 (92.7) 191 (92.7) 191 (92.7)

Site of metastasis

 Brain 152 (36.9) 79 (38.3) 73 (35.4) 0.610

 Liver 53 (12.9) 25 (12.1) 28 (13.6) 0.769

ECOG PS, Eastern Cooperative Oncology Group performance status.

https://journals.sagepub.com/home/tam


Therapeutic Advances in Medical Oncology 13

6 journals.sagepub.com/home/tam

marginally affected by smoking status (interac-
tion, p = 0.166; Figure 3).

Acquired EGFR T790M mutation and  
survival outcomes
Among all study participants, 373 (60.9%) 
patients had experienced disease progression by 
the end of follow-up. One hundred and ninety-
one (31.2%) patients underwent a tissue and/or 
liquid biopsy for diagnosis of the EGFR T790M 
mutation; 106 (55.5%) patients were confirmed 
as T790M-positive. The T790M positive rate 
was significantly higher in the gefitinib/erlotinib 
group compared with the afatinib group (70.9% 
versus 44.6%, p < 0.001).

The clinical factors associated with T790M pos-
itivity were assessed by logistic regression in all 
patients. Multivariate analysis demonstrated 
that afatinib treatment was predictive of a lower 
T790M positive rate [odds ratio (OR) 0.27 
(95% CI, 0.14–0.53); p < 0.001]. In contrast, 
⩾12 months PFS after EGFR-TKI treatment 
[OR 3.00 (95% CI, 1.56–5.98); p = 0.001] and 
brain metastasis [OR 2.12 (95% CI, 1.08–4.26); 
p = 0.030; Table 4] were associated with a higher 
incidence of T790M positivity. Patients who 
had a secondary T790M mutation tended to 
achieve longer OS compared with patients who 

were T790M-negative (Supplemental material 
Figure 1 online).

Outcomes of sequential third-generation  
EGFR-TKI or chemotherapy
Sixty-three (59.4%) out of the 106 patients with 
secondary T790M mutations received a sequen-
tial third-generation EGFR-TKI treatment; these 
patients had a median OS of 33.0 months (95% 
CI, 26.2 months to not reach) and 24-month OS 
rate of 73.5% [95% CI, 62.2–86.8%; Figure 
4(a)]. The PFS of third-generation EGFR-TKI 
was similar between the first-line gefitinib/erlo-
tinib and the afatinib groups (Supplemental 
Figure 2). Patients who received a second–third-
generation EGFR-TKI sequence and first–third-
generation EGFR-TKI sequence demonstrated 
median OS of 38.8 versus 29.1 months and 
24-month OS rates of 71.3% (95% CI, 56.2–
90.6%) and 75.4% [95% CI, 59.5–95.7%; Figure 
4(b)], respectively. On the other hand, T790M-
positive patients who otherwise received a subse-
quent chemotherapy had equivalent outcomes to 
those who received a third-generation EGFR-
TKI (Supplemental Figure 3). On the contrary, 
T790M-negative patients received significantly 
more benefit from subsequent chemotherapy 
than subsequent third-generation EGFR-TKI 
treatment (Supplemental Figure 4).

Figure 1. (a) Progression-free survival and (b) overall survival for the first- (1G) and second-generation (2G) EGFR-TKI groups.
TKI, tyrosine kinase inhibitor.
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Discussion
The present analysis of a large Asian cohort of 
patients with EGFR-mutated NSCLC treated by 
first- and second-generation EGFR-TKIs dem-
onstrates that afatinib significantly reduced the 
risk of disease progression compared with gefi-
tinib/erlotinib in the front-line setting. Moreover, 
patients who received afatinib (versus gefitinib/
erlotinib) upon disease progression had a lower 
frequency of acquired T790M mutations.

Previous real-world comparisons of gefitinib/erlo-
tinib and afatinib treatment were frequently 
affected by common clinical characteristic biases 
introduced by physicians’ practices.21–23 As 
afatinib generally presents a higher toxicity profile 
than gefitinib/erlotinib, the prescription is usually 
biased to patients who are younger, have better 
performance status and sometimes patients with 

an EGFR 19del mutation. Most studies addressed 
these confounding factors by regression adjust-
ment, while the original PFS and OS rates were 
not directly interpretable.21 The first-generation 
EGFR-TKI groups were usually included 
between 2008 and 2012, earlier than the afatinib 
groups as this drug was only approved during 
2014 and 2015 in most countries.22–24 This factor 
introduces post-progression treatment bias, 
because the patients in the gefitinib/erlotinib 
groups who developed secondary T790M resist-
ance before 2015 rarely subsequently received the 
third-generation EGFR-TKI, which was initially 
approved for treatment of EGFR T790M 
mutated-NSCLC in late 2015. While some of 
these real-world cohorts enrolled substantial 
numbers of patients, the sample sizes of the 
afatinib groups were usually much smaller than 
those of the first-generation EGFR-TKI 

Figure 2. Subgroup analysis of progression-free survival for the afatinib and gefitinib/erlotinib groups.
CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; HR, hazard ratio.
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groups.22–24 This unequal sample size generally 
moderates the post-hoc statistical power. To 
address these limitations, the present study uni-
formly included patients treated from 2014 
onwards for both the first- and second-generation 
EGFR-TKI groups to ensure an equal likelihood 
of exposure to the subsequent third-generation 
EGFR-TKI treatment, and balanced the sample 
size of the two groups using a propensity-score 
matched cohort to enable direct comparisons of 
the survival curves and a reasonable post-hoc sta-
tistical power of 70%.

In agreement with the randomized LUX-Lung 7 
trial,13 the present study demonstrated that 
afatinib leads to superior PFS compared with 
first-generation EGFR-TKI treatment, whereas 
subgroup analysis revealed that the superior effi-
cacy of afatinib was not observed in patients with 
poorer ECOG PS status. Though our sample size 

was underpowered to conclude an OS benefit, 
OS did not significantly differ between the first- 
and second-generation EGFR-TKI groups and 
the magnitude of risk reduction observed for 
afatinib treatment was similar to the finding of the 
LUX-Lung 7 study. Notably, in subgroup analy-
sis of OS, afatinib treatment was significantly 
associated with poorer OS compared with gefi-
tinib/erlotinib in patients with an ECOG PS ⩾2. 
This real-world finding complements the knowl-
edge from randomized clinical trials and suggests 
that the tolerability of afatinib treatment should 
be particularly considered in patients who are 
more severely ill. Additionally, an interesting 
finding was noted in the patients in the smoking 
subgroup in the present study. Multiple previous 
analyses suggested that cigarette smoking 
impaired the response to gefitinib and erlotinib 
treatment in patients with EGFR-mutated 
NSCLC.25–27 In our analysis, these patients 

Figure 3. Subgroup analysis of overall survival for the afatinib and gefitinib/erlotinib groups.
CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; HR, hazard ratio.
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tended to receive more benefit from afatinib treat-
ment, thus afatinib may be potentially a preferred 
choice over gefitinib/erlotinib in this patient 
group.

In this work, multivariate analysis demonstrated 
that the EGFR L858R mutation and brain and 
liver metastasis were prognostic factors for poor 
OS. This finding is consistent with some observa-
tional studies which reported that liver metastasis 
is independently associated with shorter OS.28,29 
The role of the EGFR L858R mutation as a nega-
tive surrogate of OS was previously reported in a 
number of clinical trials. Significantly lower OS 
was found in L858R patients compared with 
19del patients in the EURTAC trial,30 and poorer 
OS was also reported for L858R patients in mul-
tiple randomized trials.12,14,31 Recent studies that 
found EGFR patients with the L858R mutation 
are more likely to harbor concomitant genomic 
alterations that enhance tumor complexity and 
impair the sensitivity to gefitinib and erlotinib.32,33 
In the LUX-Lung 7 trial, afatinib provided a 
higher objective response rate in patients with the 
L858R mutation than gefitinib (66% versus 42%), 
though this finding was not observed in patients 
with 19del mutations (73% versus 66%).13 
Interestingly, the subgroup analysis in this work 
demonstrated that the PFS benefit of afatinib was 
also more pronounced in patients with L858R 
than patients with 19del.

Some clinical factors were identified to impact the 
development of secondary T790M in this analy-
sis. Compared with gefitinib/erlotinib, afatinib 
treatment was associated with a lower T790M-
positive rate (70.9% versus 44.6%). However, this 
rate is higher than the rates reported for small 
cohorts of afatinib-treated patients, which exhib-
ited a T790M-positive rate of approximately 25–
35%.15–18 The slightly higher T790M yield of both 
the gefitinib/erlotinib and afatinib groups in the 
present study might be related to the addition of a 
liquid biopsy when a tissue biopsy was unavailable 
or T790M-negative. Moreover, ⩾12 months PFS 
after EGFR-TKI treatment also predicted a higher 
rate of development of a secondary T790M muta-
tion. Previous studies suggested that longer PFS 
after EGFR-TKI treatment is associated with 
fewer concurrent mutations in EGFR-mutated 
tumors,32–34 thus progressive enrichment of the 
T790M variant during chronic exposure to 
EGFR-TKIs may account for the resistance 
mechanism at a later time. Notably, brain metas-
tasis at baseline was also identified as a predictive 
factor. Several earlier studies demonstrated that 
EGFR-mutated tumors had a higher tendency for 
brain metastasis compared with EGFR-wild type 
tumors.35,36 Whether the higher rate of T790M 
mutations in patients with brain metastasis at 
baseline is due to the original tumor possessing a 
higher volume of EGFR mutation versus other  
co-mutation clones remains to be investigated.

Table 4. Logistic regression analysis of the factors associated with T790M positivity.

Univariate analysis Multivariate analysis

Variables Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value

Age ⩾65 years 0.92 (0.52–1.64) 0.782 – –

Male 0.84 (0.47–1.50) 0.565 – –

ECOG PS 0–1 0.66 (0.27–1.56) 0.361 – –

Current/ex-smoker 0.86 (0.46–1.63) 0.646 – –

EGFR exon 19del 1.56 (0.88–2.79) 0.132 1.62 (0.85–3.10) 0.145

Brain metastasis 2.10 (1.15–3.91) 0.018 2.12 (1.08–4.26) 0.030

Liver metastasis 1.52 (0.65–3.77) 0.348 – –

Afatinib treatment 0.33 (0.18–0.61) <0.001 0.27 (0.14–0.53) <0.001

PFS ⩾12 months 1.99 (1.12–3.58) 0.019 3.00 (1.56–5.98) 0.001

CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; PFS, progression-free survival.
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A recent global observational study that focused on 
the efficacy of the second–third-generation EGFR-
TKI sequence demonstrated median OS of 37.6 
months and 44.8 months in the overall cohort and 
in Asian patients, respectively.37 In the present 
study, the subset of T790M-positive patients who 
received a third-generation EGFR-TKI had 
median OS of 38.8 months and 29.1 months in the 
second-third and first-third sequence groups, 
respectively. A hypothesis that involves differential 
clonal selection pressure between first- and second-
generation EGFR-TKIs has been formulated to 
explain the clinical effects of sequential EGFR-TKI 
treatment.38 Recently, the introduction of the third-
generation EGFR-TKI as front-line treatment, the 
FLAURA study,39 demonstrated median OS of 
38.6 months. The present study revealed that 
patients who were allowed to receive a sequential 
second-third-generation EGFR-TKI treatment 
had a comparable outcome; however, a longer 
observational period and data maturity are required 
to further assess this finding. The first inherent lim-
itation of the present study is its retrospective 
nature. Second, the first-generation EGFR-TKI 
group included two drugs in order to increase the 
sample size, at the expense of increasing 

heterogeneity. However, this heterogeneity is likely 
to be acceptable as a previous meta-analysis of 
more than 17,000 patients suggested that the effi-
cacy of gefitinib and erlotinib are comparable.40 
Third, the recent advance of third-generation 
EGFR-TKIs also challenges the role of afatinib as a 
front-line treatment. Interestingly, a recent study of 
a Japanese cohort demonstrated that afatinib 
resulted in better OS compared with osimertinib,41 
though this issue remains largely unsettled.

In conclusion, this study assessed a large, real-
world cohort of Asian patients with EGFR-mutated 
NSCLC and was properly adjusted for clinical 
biases to compare the outcomes of first- and sec-
ond-generation EGFR-TKIs. The results demon-
strate that afatinib has a more favorable efficacy 
and leads to a lower incidence of secondary T790M 
mutations and suggests that clinical profiles includ-
ing the ECOG PS and smoking status may poten-
tially inform the selection of EGFR-TKIs.
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