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Background: Epidermal growth factor receptor (EGFR) mutations are most common in
Eastern Asia, and frequencies of 30–50% have been reported. EGFR-tyrosine kinase inhibi
tors (TKIs) are recommended as first-line therapeutic options for non-small cell lung cancer
(NSCLC) with sensitizing EGFR mutations. Several immune checkpoint inhibitors have
been successful in improving the outcomes of advanced lung cancer. The expression of
programmed cell death-ligand 1 (PD-L1) on tumor cells plays an important role in predicting
the efficacy of programmed cell death protein 1/PD-L1 inhibitors. The role of PD-L1
expression in tumors with EGFR mutation and its influence on clinical outcomes remain
controversial.
Methods: Patients with newly diagnosed metastatic NSCLC with sensitizing EGFR muta
tions who received the standard treatment, ie, EGFR-TKIs for mutant adenocarcinoma as the
first-line treatment, were enrolled in this retrospective study. EGFR mutations and PD-L1
expression levels were detected by Cobas RT-PCR and Dako 22C3 immunohistochemistry
staining, respectively.
Results: From January 2011 to February 2019, 114 patients were enrolled. The average age
was 62 years (range 34–92), and 45 (39.5%) patients were male. Among these patients,
EGFR mutation analysis revealed exon 19 in-frame deletion in 55 (48.2%) patients, exon 21
L858R in 53 (46.5%) patients, and uncommon mutations in 6 (5.3%) patients. Among these
patients with EGFR mutations, PD-L1 expression levels by tumor proportion score (TPS)
were <1% in 54 (46.9%) patients, 1–49% in 50 (44.2%) patients, and ≥50% in 10 (8.8%)
patients. All patients received EGFR-TKIs as first-line treatment, and in the Kaplan-Meier
analysis, progression-free survival was not significantly different among groups with differ
ent PD-L1 expression status.
Conclusion: For patients with metastatic NSCLC and EGFR mutations, PD-L1 expression
is not uncommon, but no significant influence on clinical outcomes was observed in patients
receiving standard initial treatment.
Keywords: programmed death-ligand 1, epidermal growth factor receptor mutation,
epidermal growth factor receptor tyrosine kinase inhibitors

Introduction
Lung cancer is the leading cause of cancer mortality worldwide. In the era of
precision medicine, targeted therapy is the first choice in non-small cell lung cancer
(NSCLC). Examples are gene mutations of epidermal growth factor receptor
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(EGFR) treated with gefitinib, erlotinib, or afatinib or gene
translocations of the anaplastic lymphoma kinase treated
with crizotinib or alectinib.1 In recent years, immune
checkpoint inhibitors have been a new therapeutic choice.
Recent clinical trials revealed that agents disrupting pro
grammed cell death protein 1 (PD-1)/programmed cell
death-ligand 1 (PD-L1) signaling provide survival benefit
in advanced NSCLC treatment, including nivolumab, pem
brolizumab, and atezolizumab.2–5 Studies in animal mod
els demonstrated that the expression of EGFR mutations
induces PD-L1 expression and that EGFR tyrosine kinase
inhibitors (TKIs) reduce this PD-L1 expression.6 The rela
tionships between PD-L1 expression and EGFR mutations
were also investigated in humans. However, the findings
were paradoxical, indicating the relationship of PD-L1
high expression means better survival is uncertained.7,8
We, thus, investigated the association between PD-L1
expression and the outcome of metastatic EGFR mutationexpressing NSCLC treated with EGFR-TKI as a frontline
treatment.
The study was conducted in compliance with the
Declaration of Helsinki.

Methods
This multicenter study was conducted in one medical
center (Far Eastern Memorial Hospital) and two regional
teaching hospitals (National Yang-Ming University
Hospital and E-DA Hospital) in Taiwan. The study was
approved by the Institutional Review Board of the
Research Ethics Committee of the study hospitals (No.
2017A034). Informed consent was waived by the Ethics
Committee due to the retrospective nature of the study.
The study was conducted in compliance with Declaration
of Helsinki and the data was anonymized for the privacy
of the participants.
In this retrospective study, we enrolled patients with
NSCLC of newly diagnosed stage IV according to the
American Joint Committee on Cancer (AJCC) classifica
tion, 7th edition or postoperative tumor recurrence who
received gefitinib, erlotinib, or afatinib as their first-line
treatment.9 Another inclusion criterion was the presence of
EGFR exon 18–21 sensitizing mutations which were con
firmed in tumor tissue obtained from surgical resection,
core-needle biopsy, or pleural fluid samples using the
Cobas real-time PCR test (Roche Molecular Systems
Inc., Branchburg, NJ, USA). PD-L1 expression was deter
mined using the Dako 22C3 pharmDx systems (Agilent
Technologies Inc., Santa Clara, CA, USA) assay and is
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presented as a tumor proportion score.10 Exclusion criteria
included inadequate tissue samples for further PD-L1
immunohistochemistry staining.
The enrolled patients initially received gefitinib
250 mg, erlotinib 150 mg, or afatinib 40 mg once daily,
and the subsequent dose de-escalation was determined by
the treating physician. The combination with 7.5 or 15 mg/
kg bevacizumab every three weeks was allowed. The
treatment response was evaluated using the Response
Evaluation Criteria of Solid Tumors version 1.1.11 The
primary outcome was progression-free survival (PFS),
which was the period calculated from the initiation of the
EGFR-TKI treatment to disease progression or death.
Other outcomes included the best objective response and
overall survival (OS).

Statistical Analysis
We used SPSS (version 22; IBM Corporation, Armonk,
NY, USA) for the statistical analysis of clinical data. Data
were calculated as frequencies for categorical variables
and median (standard deviation) for continuous variables.
Categorical variables were compared using the chi-square
test or Fisher’s exact test, and continuous variables were
compared using the independent unpaired t-test. PFS and
OS were assessed by Kaplan-Meier survival curves, and
statistical differences were calculated using the Log rank
test. p-values of less than 0.05 were considered statistically
significant.

Results
From January 2011 to February 2019, 114 eligible patients
were enrolled in this study. The average age of the study
population was 62 years (range 34–92), and 45 (39.5%)
patients were male. The demographic data are summarized
in Table 1. Before initiation of the EGFR-TKI treatment,
33 (29.2%) patients had a poor Eastern Cooperative
Oncology Group performance status (ECOG score 2–4),
and 84 (73.7%) patients had at least one extrathoracic
distant metastasis (M1b status in the AJCC classification,
7th edition). Among these patients with EGFR mutations,
PD-L1 expression levels by TPS were <1% in 54 (46.9%)
patients, 1–49% in 50 (44.2%) patients, and ≥50% in 10
(8.8%) patients.
As their frontline treatment, the patients had received
gefitinib (n=42, 36.8%), erlotinib (n=36, 31.6%), or afati
nib (n=36, 31.5%). Of those, 13 (11.5%) patients received
a combined anti-angiogenesis treatment with bevacizu
mab or ramucirumab. The most common EGFR mutation
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Table 1 Demographic Data
N=114 (%)
Average age

62 (range: 34–92)

multivariate analysis (Tables 3 and 4). In the multivariate
analysis of the OS, the three EGFR-TKIs with or without
additional anti-angiogenesis medication were not signifi
cantly different.

Sex
Male
Female

45
69

39.5
60.5

OncoTargets and Therapy downloaded from https://www.dovepress.com/ by 3.237.9.125 on 11-May-2021
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Smoke history
Never smoke

77

67.5

Current and ex-smoker

37

32.5

112
2

98.2
1.8

81

71.1

33

28.9

Exon 19

55

48.2

Exon 21
Other exon (18 or 20)

53
6

46.5
5.3

Weight loss on initial diagnosis*

38

33.3

Post operation recurrence

3

2.6

Distant metastasis on initial

84

73.7

39

34.2

39

34.2

Histology
Adenocarcinoma
Adenosquamous or NOS
Performance status
0–1
2–4
EGFR

diagnosis
Pleural metastasis on initial
diagnosis
Brain metastasis

Note: *5% weight loss within 3 months.
Abbreviations: EGFR, epidermal growth factor receptor; NOS, not otherwise
specified.

was exon 19 in-frame deletion (48.2%), followed by exon
21 L858R point mutation (46.5%). For patients with
EGFR mutations receiving EGFR-TKIs, PFS was not
statistically different between groups with different PDL1 expression status. For the groups with PD-L1 <1%,
1–49%, and ≥50%, the median PFS was 13.6, 18.4, and
15.7 months, respectively (p=0.738). A similar result was
observed for the parameter OS (Table 2). Although the
PD-L1 status was not associated with PFS of the first-line
EGFR-TKI treatment, poor ECOG performance status
score (2–4) and distant metastasis on initial diagnosis
were associated with shortened PFS and OS in both uni
variate and multivariate analyses. Patients who initially
received afatinib had better PFS than those receiving
gefitinib (28.3 vs 12.1 months, hazard ratio 0.463, 95%
confidence interval (CI) 0.226 to 0.952, p=0.036) in the
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Discussion
Preclinical studies have reported that EGFR activation can
induce PD-L1 expression, thereby facilitating immune
escape, and that EGFR-TKIs can significantly downregu
late PD-L1 expression in EGFR-mutant NSCLC cells.6
Several clinical studies have reported that NSCLCs har
boring EGFR mutations are associated with poor clinical
outcomes in groups with high PD-L1 expression levels.8,12
Another recent study demonstrated that PD-L1 expression
tended to be correlated with CD8+ tumor-infiltrating lym
phocytes, concomitant KRAS mutation, and poor survival
in surgically resected EGFR-mutant NSCLCs. The authors
pointed out that PD-L1 expression was neither a predictive
nor a prognostic factor in advanced EGFR-mutant NSCLC
patients treated with EGFR-TKIs.13
In our study, the PD-L1 expression status was not
associated with PFS and OS in patients positive for
EGFR mutation who received TKIs. At least two studies
also suggest that PD-L1 expression is associated with
inconsistent survival outcomes.14,15 The most important
prognostic factors for OS are performance status and dis
tant metastasis on initial diagnosis after multivariate ana
lysis in our study. Although brain metastasis is also an
important factor for OS in the univariate analysis
(p=0.008), the effect was decreased in the multivariate
analysis. As previously reported for NSCLC with EGFR
mutation, patients with brain metastasis have poorer
prognoses.16 Another study showed that patients with
EGFR mutations were more susceptible to brain metastasis
than those with wild-type EGFR, especially during the
course of the disease.17
The ECOG performance status was another indepen
dent prognostic factor for OS and PFS in our study. The
ECOG performance status, besides metastatic site, smok
ing status, and age, has also been proposed by other
studies as a prognostic factor to predict the survival of
patients harboring activating EGFR mutations.18,19 A realworld practice study in Taiwan also found that ECOG
performance status, smoking index, hepatic metastasis on
initial diagnosis, disease status (newly diagnosed or post
operative recurrence), and chronic hepatitis C virus infec
tion were independent prognostic factors for OS.20
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Table 2 Univariate Analysis of PFS and OS
Clinical Variable

OS
Median OS (95% CI), Months

Sex

P-value

Median PFS (95% CI), Months

0.605

Male (n=45)
Female (n=69)
OncoTargets and Therapy downloaded from https://www.dovepress.com/ by 3.237.9.125 on 11-May-2021
For personal use only.

PFS

Smoke history
Never smoke (n=77)
Current and ex-smoker (n=37)

41.8 (22.151–61.449)
31.2 (25.095–37.305)

0.672
18.200 (12.930–23.470)
15.300 (10.455–20.145)

0.959

0.923

33.267 (25.136–41.397)

15.700 (9.918–21.482)

41.800 (23.908–59.692)

18.200 (10.590–25.810)

Histology

0.359

0.179

Adenocarcinoma (n=112)

NE

NE

Adenosquamous or NOS (n=2)

NE

NE

Performance status
0–1 (n=81)
2–4 (n=33)

<0.001
42.633 (35.318–49.949)
15.500 (11.964–19.036)

<0.001
26.300 (17.792–34.808)
8.400 (7.669–9.131)

EGFR
Exon 19 (n=55)

33.433 (20.466–46.401)

18.400 (11.510–25.290)

Exon 21 (n=53)

33.267 (25.038–41.495)

14.800 (9.793–19.807)

Other exon (18 or 20) (n=6)

33.567 (0.000–81.652)

6.470 (5.489–7.451)

Weight loss on initial diagnosis
No (n=76)
Yes (n=38)

0.790

0.736

0.434

0.275

35.400 (31.343–39.457)

18.200 (12.340–24.060)

25.867 (18.303–33.431)

12.600 (7.314–17.886)

Post operation recurrence

0.224

0.223

No (n=111)

33.433 (26.776–40.091)

15.300 (10.657–19.943)

Yes (n=3)

NE

NE

Distant metastasis on initial diagnosis
No (n=30)
Yes (n=84)
Pleural metastasis on initial diagnosis
No (n=75)
Yes (n=39)

0.003
43.533 (37.836–49.231)
28.300 (19.412–37.188)

0.015
28.300 (11.166–45.434)
12.600 (7.857–17.343)

0.083

0.183

35.333 (26.573–44.094)

16.200 (9.854–22.546)

28.300 (12.324–44.276)

13.600 (1.366–25.834)

Brain metastasis

0.007

0.070

No (n=75)

39.933 (32.067–47.800)

18.200 (7.504–28.896)

Yes (n=39)

25.867 (16.349–35.384)

12.100 (5.173–19.027)

PD-L1

0.769

0.738

<1% (n=54)
1–49% (n=50)

33.567 (24.399–42.734)
30.133 (19.450–40.817)

13.600 (6.822–20.378)
18.400 (8.491–28.309)

≥50% (n=10)

48.567 (24.273–72.860)

15.700 (14.530–16.870)

EGFR-TKI

0.127

0.011

Gefitinib (n=42)

31.200 (23.822–38.578)

12.100 (8.726–15.474)

Erlotinib (n=36)
Afatinib (n=36)

33.567 (21.954–45.180)
58.900 (25.029–92.771)

15.200 (10.993–19.407)
28.300 (15.558–41.042)

EGFR-TKI + anti-angiogenesis
No (n=101)
Yes (n=13)

P-value

0.705

0.291

33.433 (25.598–41.269)

14.800 (10.053–19.547)

42.733 (NE)

27.700 (NE)

Abbreviations: CI, confidence interval; EGFR, epidermal growth factor receptor; NOS, not otherwise specified; OS, overall survival; PD-L1, programmed cell death-ligand
1; PFS, progression-free survival; NE, not estimable.
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Table 3 Multivariate Analysis of PFS
Clinical Variable

PFS

OncoTargets and Therapy downloaded from https://www.dovepress.com/ by 3.237.9.125 on 11-May-2021
For personal use only.

Univariate Analysis

Multivariate Analysis

HR (95% CI)

P value

Age

1.022 (1.001–1.043)

0.036

Initial CEA (n=112)

1.000 (1.000–1.000)

0.672

1.000 (ref.)
1.117 (0.667–1.872)

0.673

HR (95% CI)

P value

1.000 (ref.)
3.822 (1.994–7.326)

<0.001

1.000 (ref.)
2.432 (1.248–4.737)

0.009

Sex
Male (n=45)
Female (n=69)
Smoke history
Never smoke (n=77)
Current and ex-smoker (n=37)

1.000 (ref.)
0.974 (0.572–1.660)

0.923

Histology
Adenocarcinoma (n=112)
Adenosquamous or NOS (n=2)

1.000 (ref.)
0.047 (0.000–40.385)

0.375

1.000 (ref.)
3.648 (2.172–6.129)

<0.001

Performance status
0–1 (n=81)
2–4 (n=33)
EGFR
Exon 19 (n=55)

1.000 (ref.)

Exon 21 (n=53)

1.219 (0.728–2.040)

0.451

Other exon (18 or 20) (n=6)

1.236 (0.374–4.086)

0.729

1.000 (ref.)
1.328 (0.796–2.217)

0.277

Weight loss on initial diagnosis
No (n=76)
Yes (n=38)
Post operation recurrence
No (n=111)
Yes (n=3)

1.000 (ref.)
0.313 (0.043–2.268)

0.250

1.000 (ref.)
2.130 (1.141–3.974)

0.018

Distant metastasis on Initial diagnosis
No (n=30)
Yes (n=84)
Pleural metastasis on Initial diagnosis
No (n=75)
Yes (n=39)

1.000 (ref.)
1.425 (0.842–2.412)

0.187

Brain metastasis
No (n=75)

1.000 (ref.)

Yes (n=39)

1.625 (0.955–2.765)

0.073

1.000 (ref.)
0.816 (0.479–1.390)

0.454

0.840 (0.350–2.015)

0.696

PD-L1
<1% (n=54)
1–49% (n=50)
≥50% (n=10)
EGFR-TKI
Gefitinib (n=42)

1.000 (ref.)

Erlotinib (n=36)
Afatinib (n=36)

0.781 (0.445–1.371)
0.365 (0.185–0.722)

1.000 (ref.)
0.389
0.004

0.463 (0.226–0.952)

0.036

(Continued)
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Table 3 (Continued).
Clinical Variable

PFS
Univariate Analysis

Multivariate Analysis

HR (95% CI)

P value

1.000 (ref.)
0.613 (0.245–1.536)

0.297

HR (95% CI)

P value

OncoTargets and Therapy downloaded from https://www.dovepress.com/ by 3.237.9.125 on 11-May-2021
For personal use only.

EGFR-TKI + anti-angiogenesis
No (n=101)
Yes (n=13)

Abbreviations: CEA, carcinoembryonic antigen; CI, confidence interval; EGFR, epidermal growth factor receptor; NOS, not otherwise specified; OS, overall survival; PDL1, programmed cell death-ligand 1; PFS, progression-free survival; ref., reference.

Some studies in NSCLC patients receiving EGFR-TKI
treatment reported that the exon 19 deletion predicted
a better OS rate than the L858R mutation.21 This was
not observed in our study. In our study, the median OS
of patients with exon 19 deletion and L858R mutation was
33.4 months and 33.3 months (95% CI 20.46–46.40 and
25.03–41.49, respectively; p=0.79), whereas the median
PFS was 18.4 months and 14.8 months (95% CI 11.51–
25.29 and 9.78–19.81, respectively; p=0.736).
Another specific finding of our study was that patients
who initially received afatinib had longer PFS than those
receiving gefitinib. Afatinib is an ErbB receptor blocker
that is approved for the treatment of EGFR mutationpositive NSCLC. Pivotal randomized clinical studies
demonstrated that afatinib significantly prolonged PFS
compared to platinum-based chemotherapy (LUX-Lung 3
and LUX-Lung 6) and gefitinib (LUX-Lung 7), with man
ageable unwanted effects.22 Real-world studies consis
tently indicate that afatinib has similar or improved
efficacy compared with first-generation EGFR-TKIs
across a broad range of patients treated in diverse clinical
practice settings.23,24
There are some limitations to our study. First, this
study was retrospective in design, and the sample size
was relatively small. Second, we did not exclude patients
who received immunotherapy and third-generation TKIs
(osimertinib). Most of these patients eventually develop
secondary resistance to first- and second-generation TKIs
with EGFR-T790M mutations. The incidence of T790M
in tumors that have developed resistance to EGFR-TKIs
ranges from 51% to 68%.25 In the AURA III study, PFS
and OS were affected in patients receiving thirdgeneration TKIs such as osimertinib.26 Third, we had
a small number of patients who additionally received anti-
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angiogenic agents. Tumors with EGFR mutations show
a significantly higher VEGF expression compared to
EGFR wild-type tumors.27 Although combination of antiangiogenic agents and EGFR-TKIs did not correlate with
better PFS or OS in our patients, recent Phase III studies
showed that the combination of EGFR-TKI (erlotinib)
and an anti-angiogenic agent significantly prolonged
PFS in advanced NSCLC with EGFR mutation.28,29
Objective determination of PD-L1 protein levels in
NSCLC reveals heterogeneity within tumors and promi
nent interassay variability or discordance. This could be
due to different antibody affinities, limited specificity, or
distinct target epitopes.30 Malignant pleural effusion sam
ples is feasible for PD-L1 IHC analysis. The PD-L1 levels
of malignant pleural effusion cell blocks were comparable
with paired tumor tissues, however, heterogeneity was
found between these two media. Gene alterations based
on NGS of malignant pleural effusion samples could
contribute to select the samples that with different PDL1 expression.31

Conclusion
In NSCLC patients with EGFR mutation and EGFR-TKI
treatment, three major prognostic factors were associated
with significantly prolonged PFS: afatinib use, good per
formance status, and no distant metastasis on initial diag
nosis. Patients with good performance status and no
distant metastasis on initial diagnosis also had longer OS.
The PD-L1 expression was in our study not associated
with the survival of patients. Whether PD-L1 expression
is a reliable biomarker for the EGFR-TKI treatment of
advanced NSCLC patients with EGFR mutations requires
further investigation.
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Table 4 Multivariate Analysis of OS
Clinical Variable

OS

OncoTargets and Therapy downloaded from https://www.dovepress.com/ by 3.237.9.125 on 11-May-2021
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Univariate Analysis

Multivariate Analysis

HR (95% CI)

P value

Age

1.025 (1.003–1.047)

0.024

Initial CEA (n=112)

1.000 (1.000–1.000)

0.649

1.000 (ref.)
1.146 (0.683–1.921)

0.606

HR (95% CI)

P value

1.000 (ref.)
4.189 (2.188–8.019)

<0.001

1.000 (ref.)
2.607 (1.258–5.401)

0.010

Sex
Male (n=45)
Female (n=69)
Smoke history
Never smoke (n=77)
Current and ex-smoker (n=37)

1.000 (ref.)
0.986 (0.578–1.684)

0.959

Histology
Adenocarcinoma (n=112)
Adenosquamous or NOS (n=2)

1.000 (ref.)
0.048 (0.000–841.289)

0.543

1.000 (ref.)
4.059 (2.409–6.840)

<0.001

Performance status
0–1 (n=81)
2–4 (n=33)
EGFR
Exon 19 (n=55)

1.000 (ref.)

Exon 21 (n=53)

1.125 (0.673–1.880)

0.653

Other exon (18 or 20) (n=6)

0.778 (0.236–2.565)

0.680

1.000 (ref.)
1.227 (0.734–2.050)

0.435

Weight loss on initial diagnosis
No (n=76)
Yes (n=38)
Post operation recurrence
No (n=111)
Yes (n=3)

1.000 (ref.)
0.313 (0.043–2.265)

0.250

1.000 (ref.)
2.563 (1.336–4.917)

0.005

Distant metastasis on Initial diagnosis
No (n=30)
Yes (n=84)
Pleural metastasis on Initial diagnosis
No (n=75)
Yes (n=39)

1.000 (ref.)
1.596 (0.936–2.720)

0.086

Brain metastasis
No (n=74)

1.000 (ref.)

Yes (n=39)

2.095 (1.215–3.613)

0.008

<1% (n=54)
1–49% (n=50)

1.000 (ref.)
1.069 (0.625–1.829)

0.808

≥50% (n=10)

0.765 (0.317–1.842)

0.550

PD-L1

EGFR-TKI
Gefitinib (n=42)

1.000 (ref.)

Erlotinib (n=36)
Afatinib (n=36)

0.891 (0.509–1.559)
0.500 (0.251–0.995)

0.686
0.048

(Continued)

OncoTargets and Therapy 2021:14

submit your manuscript | www.dovepress.com

DovePress

Powered by TCPDF (www.tcpdf.org)

2307

Dovepress

Chang et al

Table 4 (Continued).
Clinical Variable

OS
Univariate Analysis

Multivariate Analysis

HR (95% CI)

P value

1.000 (ref.)
0.838 (0.334–2.102)

0.706

HR (95% CI)

P value

OncoTargets and Therapy downloaded from https://www.dovepress.com/ by 3.237.9.125 on 11-May-2021
For personal use only.

EGFR-TKI + anti-angiogenesis
No (n=101)
Yes (n=13)

Abbreviations: CEA, carcinoembryonic antigen; CI, confidence interval; EGFR, epidermal growth factor receptor; NOS, not otherwise specified; OS, overall survival; PDL1, programmed cell death-ligand 1; PFS, progression-free survival; ref., reference.
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