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Features of patients with
advanced EGFR-mutated
non-small cell lung cancer
benefiting from immune
checkpoint inhibitors

Qian Chen, Xiaoling Shang, Ni Liu, Xinchun Ma, Wenfei Han,
Xiuwen Wang* and Yanguo Liu*

Department of Medical Oncology, Qilu Hospital of Shandong University, Jinan, China

Background: Although immune checkpoint inhibitors (ICls) generally show
poor therapeutic efficacy in patients with epidermal growth factor receptor
(EGFR) mutations, certain research indicate that a small proportion of these
patients do respond to ICls. The present study sought to identify the features of
patients with EGFR mutations who might benefit from ICls from multiple
studies and discussed the optimal treatment paradigm for advanced non-
small cell lung cancer (NSCLC) patients with EGFR mutations.

Methods: The profiles of 114 advanced NSCLC patients with EGFR mutations
who received ICls treatment were retrospectively reviewed. EGFR subtypes,
programmed cell death ligand 1 (PD-L1) expression, and clinical characteristics
regarding their impact on the efficacy of ICls were investigated.

Results: Patients with major EGFR mutations (L858R or 19Del) had a shorter
progression-free survival (PFS) and a lower objective response rate (ORR) as
compared to patients with rare (20ins or G719X) and other EGFR mutations.
Although not statistically significant, median overall survival (OS) tended to be
longer in patients with negative (<1%) PD-L1 expression than with positive (>1%)
PD-L1 expression (15.61 vs. 7.40 months, p = 0.138). Median PFS and OS were
significantly shorter in heavily treated patients (prior lines of therapy >3 lines
vs. <3 lines: mPFS, 1.80 vs. 2.50 months, p = 0.003; mOS, 6.70 vs. 14.00
months, p = 0.031). ORR was also lower in patients who had received >3 prior
lines of therapy compared to in those <3 prior lines of therapy (0.00% vs.
21.67%, p = 0.002).

Conclusion: Patients with major EGFR mutations showed poorer responses to
ICls than those with rare EGFR mutations. EGFR-mutated patients with lower
PD-L1 expression showed a trend towards a longer OS after receiving ICls. ICls
should be administered as early as possible to previously treated EGFR-
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mutated NSCLC patients. ICl-based combined therapies may be a direction for
treatment of these patient subtypes in the future.
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expression, treatment paradigm

Introduction

According to GLOBOCAN 2020, lung cancer is the second
most frequently diagnosed cancer worldwide and remains the
leading cause of cancer deaths (1). In China, lung cancer remains
the most common type of cancer, being responsible for 0.72
million deaths in 2020 (2). Epidermal growth factor receptor
(EGFR) gene mutations are the most common driver gene
alterations in Asian patients with lung adenocarcinoma, with
an overall mutation frequency of 51.4% (3). EGFR-tyrosine
kinase inhibitors (TKIs) have dramatically improved the
survival of patients harboring EGFR mutations. For example,
the first-generation EGFR-TKIs gefitinib was shown to
significantly improve 12-month rates of progression-free
survival (PFS) compared with platinum-containing
chemotherapy (24.9% vs. 6.7%) in the Iressa Pan-Asia Study
(IPASS) (4). Second-generation EGFR-TKIs, such as afatinib
and dacomitinib, not only showed longer PFS and a higher
objective response rate (ORR) than chemotherapy but also had
better therapeutic efficacy in patients with rare EGFR mutations
(such as G719X and L861Q) (5). First- and second-generation
TKIs showed a median PFS (mPFS) of 9-13 months. As for
third-generation TKIs, the FLAURA study revealed that
osimertinib increased patients’ mPFS to 18.9 months (6). In
addition to the success of EGFR-TKI monotherapy, combined
treatments including these agents have also demonstrated
survival improvements (7). Consequently, EGFR-TKIs are the
recommended first-line standard treatment for EGFR-mutated
NSCLC. However, almost all patients will develop resistance
to EGFR-TKIs, eventually leading to disease progression (8).
It is therefore of great importance to seek further
treatment strategies.

Compared with EGFR-TKIs, immune checkpoint
inhibitors (ICIs) have shown promising antitumor effects in
non-small cell lung cancer (NSCLC) and are considered to
have long-term responses that can potentially lead to cure (9-
13). Unfortunately, ICIs showed limited benefits in EGFR-
mutated patients compared to those who were EGFR wild type
(14, 15). However, the ATLANTIC trial, a phase II single-arm
study, showed that EGFR-mutant patients with >25%
programmed cell death ligand 1 (PD-L1) expression had
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higher ORR and encouraging medium overall survival (mOS)
when treated with durvalumab, a PD-LI inhibitor, suggesting
that a subgroup of patients with EGFR mutations may benefit
from ICIs (16, 17). Few studies to date have assessed the
efficacy of ICIs in patients with EGFR mutations, especially
the application of ICIs alone [anti-PD-1 or anti-PD-L1, with or
without cytotoxic T-lymphocyte-associated protein 4 (CTLA-
4) blockade]. Most clinical studies on ICIs in patients
harboring EGFR mutations are ICI-based combined
therapies (with chemotherapy or chemotherapy plus anti-
angiogenic therapy).

The present study was designed to investigate the efficacy of
ICIs in patients with EGFR-mutated NSCLC. Our study, with a
relatively large sample size, collected 114 patients with EGFR-
mutated NSCLC who were treated with ICIs alone from three
previous studies. Analysis of this patient population may better
clarify the characteristics of NSCLC patients with EGFR
mutations who could benefit from IClIs.

Materials and methods
Study design and patient population

In our study, data from EGFR-mutated NSCLC patients
receiving ICIs (anti-PD-1 or anti-PD-L1, with or without anti-
CTLA-4) were collected, and 114 patients with PD-L1
expression were finally identified from three studies. The flow
chart in Figure 1 shows the details of patient collection. Data
from the OAK trials were obtained from the original study (18).
Data on patients treated at Memorial Sloan Kettering Cancer
Center (MSKCC) were downloaded from cBioPortal (19). Data
on NSCLC patients with EGFR mutations treated with PD-(L)1
blockade therapy at Yale Cancer Center, MSKCC, the University
of California Los Angeles, and Dana Farber Cancer Institute
were obtained from the original study by Hastings et al. (20).
Major EGFR mutations included L858R and exon 19 deletions
(19Del), whereas rare EGFR mutations included exon 20
insertions (20ins) and G719X. Patients with both major and
rare or other EGFR mutations were classified as having major
EGFR mutations.
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Patient selection. Epidermal growth factor receptor (EGFR) mutated non-small cell lung cancer patients treated with immune checkpoint
inhibitors from OAK, Memorial Sloan Kettering Cancer Center (MSKCC), and Hastings et al. cohorts were selected (n = 229). A total of 114
patients who had the information of programmed cell death ligand 1 (PD-L1) expression were included.

FIGURE 1

Study outcomes

The outcomes included PFS, overall survival (OS) and ORR.
The definition of PFS and OS among the three included studies
were consistent. PFS was defined as the time from the initiation
of ICIs treatment to the day of disease progression or death from
any cause, and OS was defined as the time from the initiation of
ICIs treatment to death from any cause. ORR was defined as the
proportion of patients who achieved complete response (CR)
and partial response (PR). CR and PR were assessed according to
Response Evaluation Criteria in Solid Tumors (RECIST) version
1.1 criteria in all three included studies.

Statistical analysis

PES and OS were visualized using Kaplan-Meier curves, and
differences between groups were analyzed using the log-rank
test. ORR across different groups were compared using Fisher’s
exact tests. Chi-square tests were utilized to compare clinical
variables in patients subcategorized by their PD-L1 expression
levels. Log-rank test and Cox regression for univariate and
multivariate analyses were used to assess risk factors for PFS
in 114 EGFR-mutated patients receiving ICIs. Statistical analyses
were performed using the SPSS 26.0 software package and
GraphPad Prism 9.0.0, with a two-sided p-value < 0.05
considered statistically significant.

Results

Clinical characteristics of NSCLC patients
with EGFR mutations

A retrospective review of patients in the three studies
identified 229 EGFR-mutated patients who were treated with
ICIs. PD-L1 expression was assessed in 114 of these patients;
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their demographic and clinical characteristics are shown in
Table 1. Of these 114 patients, 56 (49.1%) were smokers, and
109 (95.6%) had received previous treatment before ICIs, with
only five (4.4%) being treatment naive. Fifty-seven (50.0%)
patients were positive for PD-L1 expression (21%), including
14 (12.3%) with high (250%) PD-L1 expression.

Associations between the efficacy of ICls
and EGFR subtypes

The associations of EGFR and T790M status with the
efficacy of ICIs was investigated. Of the 114 included patients,
70 (61.4%) had major EGFR mutations; 22 (19.3%) had rare
EGFR mutations, including 13 (11.4%) with 20ins and 9 (7.9%)
with G719X mutations, and 14 (12.3%) had other mutations of
unknown significance (Figure 2A). In addition, 35 (30.7%)
patients were T90M positive (Figure 2B).

The associations between the efficacy of ICIs and the types of
EGFR mutations were assessed by determining PFS, OS, and
ORR in NSCLC patients with major, rare, or other EGFR
mutations. Median PFS was significantly shorter in patients
with major than with rare or other EGFR mutations (major vs.
rare vs. others: mPFS, 1.82 vs. 2.50 vs. 3.26 months, p = 0.037)
(Figure 2C). However, median OS did not differ significantly in
these three subgroups (Figure 2D). In addition, ORR tended to
be lower in patients with major than with rare or other EGFR
mutations (10.94% vs. 25.00% vs. 37.50%, p = 0.067) (Figure 2E).
In comparison of patients with major EGFR mutations, L858R
and 19Del showed no statistically significant differences in PFS,
08, and ORR (Supplementary Figures 1A-C).

Furthermore, we analyzed the efficacy of ICIs according to
T790M status. Results showed that neither PFS nor OS in
response to ICIs treatment differed significantly between
T790M-positive and T790M-negative patients, although ORR
was significantly higher in T790M-negative than in T790M-
positive patients (21.86% vs. 3.03%, p = 0.017) (Figures 2F-H).
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TABLE 1 Patients’ characteristics.

Characteristics All patients (n = 114)
Number (n) Percent (%)

Gender

Female 74 64.91

Male 40 35.09
Age

Age<65 75 65.79

65<Age<75 28 24.56

Age=75 11 9.65
Smoking history

Ever 56 49.12

Never 58 50.88
Prior lines of therapy

0 5 4.39

1-2 68 59.65

>3 41 35.96
Treatment

Monotherapy 100 87.72

Combination 14 12.28
PD-L1

<1% 57 50.00

1-49% 43 37.72

>50% 14 12.28
EGFR status

Major 70 61.40

Rare 22 19.30

Others 14 12.28

T790M * 6 5.26

NA 2 1.75
T790M status

Positive 35 30.70

Negative 76 66.67

NA 3 2.63

*Primary T790M mutation.

Relationship between PD-L1 expression
and the efficacy of ICls

PD-L1 expression was the most widely used biomarker that
was closely related to efficacy of ICIs, especially for advanced
NSCLC patients with EGFR wild type. Therefore, the
relationship between the expression of PD-L1 and the efficacy
of ICIs in EGFR-mutated patients was evaluated. Gender, age,
and smoking history did not differ in patients with tumors
negative (<1%), medium (1-49%), and high (>50%) for PD-L1
expression, with EGFR status and T790M status also being
similar in these patient subgroups (all p > 0.05, Table 2).

In the overall EGFR-mutated population, the median PFS
(2.10 vs. 1.90 months, log-rank p = 0.785) was not different
between groups of PD-L1 <1% patients and PD-L1 >1% patients
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(Figure 3A). The median OS of PD-L1 <1% patients was longer
than that of PD-L1 >1% patients although not statistically
significant. To be specific, the mOS was 15.61 months in PD-
L1 <1% patients and 7.40 months in PD-L1 >1% patients (log-
rank p = 0.138) (Figure 3B). ORR (PD-L1 <1% vs. 21%; ORR,
12.00% vs. 18.00%, p = 0.577) did not differ (Figure 3C). The
same tendency was observed in patients with major EGFR
mutations, with the median OS being longer in those with PD-
L1 negative (<1%) than positive (21%) expression (18.70 vs. 7.10
months, log-rank p = 0.082). There was no statistical difference
in PFS and ORR between the two subgroups (PD-L1 <1%
vs. 21%; mPFS, 2.10 vs. 1.60 months, log-rank p = 0.471;
ORR, 11.76% vs. 10.00%, p = 1.000) (Figures 3D-F). In
addition, PD-L1 was not predictive of ICIs efficacy in patients
harboring rare or other EGFR mutations (Figures 3G-I).

As for patients with EGFR T790M mutations, the most
common mechanism for acquired TKIs resistance, the median
PFS was longer in patients with PD-L1 <1% compared with
those with PD-L1 >1% (2.10 vs. 1.61 months, log-rank p = 0.089)
(Figure 3]). A similar trend was observed for mOS (PD-L1 < 1%
vs. = 1%: 15.61 vs. 10.70 months, log-rank p = 0.118)
(Figure 3K). ORR (PD-L1 <1% vs. 21%; ORR, 4.76% vs.
0.00%, p = 1.000) did not differ (Figure 3L). However, PFS,
OS, and ORR did not differ between patients with low (<50%)
and high (250%) PD-L1 expression, a finding likely due to the
limited number of patients with high PD-L1 expression
(Supplementary Figures 2A-L).

Relationships between patients’ clinical
characteristics and the efficacies of ICls

The influence of clinical characteristics, including gender,
age, smoking history, and treatment options (monotherapy or
combination therapy), on the efficacy of ICIs was evaluated.
Univariate and multivariate analyses showed that none of these
variables was a risk factor for PFS (all p > 0.05, Table 3).

The effect of prior therapy, an important clinical feature, on
the efficacy of ICIs in NSCLC patients with EGFR mutations was
also analyzed. As EGFR-TKIs have been the first choice for most
patients with EGFR mutations, only 5 (4.4%) of the 114 patients
were treatment naive. Thus, we focused on patients who had
received treatment before. For all patients, median PFS (2.50 vs.
1.80 months, log-rank p = 0.003) and OS (14.00 vs. 6.70 months,
log-rank p = 0.031) were significantly longer in those receiving
<3 prior lines of treatment compared to those receiving >3 prior
lines of treatment (Figures 4A, B). ORR was also significantly
higher in patients who had received <3 than >3 prior lines of
treatment (21.67% vs. 0.00%, p = 0.002) (Figure 4C). Similar
findings were observed in patients with major EGFR mutations,
with median PFS (2.05 vs. 1.60 months, log-rank p = 0.059) and
OS (18.79 vs. 6.70 months, log-rank p = 0.006) being longer in
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FIGURE 2

Efficacy of immune checkpoint inhibitors on distinct epidermal growth factor receptor (EGFR) subtypes. (A) Percentage of patients with non-
small cell lung cancer containing major, rare, and other EGFR mutations. Major EGFR mutations include L858R and 19Del, and rare mutations
include 20ins and G719X. (B) Percentage of patients according to T790M status. (C—E) Progression-free survival (PFS) (C), overall survival (OS)
(D), and objective response rate (ORR) (E) in patients harboring major, rare, or other EGFR mutations. (F=H) PFS (F), OS (G), and ORR (H) in
patients harboring EGFR T790M or negative for EGFR T790M. *Primary T790M mutation.

patients who had received <3 than >3 previous lines of treatment
(Figures 4D, E). ORR was higher in patients who had received <3
than >3 prior lines of treatment (18.92% vs. 0.00%, p =0.035)
(Figure 4F). A similar trend was observed in patients with rare
mutations and those with T790M mutations, although these
differences were not statistically significant (Figures 4G-L).

Sequence of treatment is also of importance. To assess the
influence of treatment sequence, the effect of ICIs used prior to
EGFR-TKIs on clinical outcomes was analyzed. Of the 114
patients in the study cohort, 18 (15.8%) received ICIs before
EGFR-TKIs, including 5 (4.4%) who were treatment naive,
which meant that they received ICIs as the first-line treatment.
Only two of the five treatment-naive patients achieved PR, and
both were rare mutations (one with 20ins and the other with
G719). Of the 13 other patients who were not treatment naive, 3
achieved PR, harboring 20ins, G719, or L858R mutations,
respectively (Supplementary Table S1).
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Discussion

Although ICIs have been found to significantly prolong the
survival of advanced NSCLC patients harboring wild-type
EGER, their benefits are limited in NSCLC patients with EGFR
mutations (21, 22), with some of these patients even developing
hyper-progressive disease (HPD) in response to ICIs treatment
(23). Some NSCLC patients with EGFR mutations, however, do
have response to ICIs, but the characteristics of the potential
beneficial population remain obscure. Recognizing that most
existing studies included small numbers of patients treated at
single center, the present study pooled data from several
previous studies and analyzed the characteristics of EGFR-
mutated patients who benefited from IClIs.

In agreement with previous results (24-26), the present
study found that patients with major EGFR mutations had a
poorer response to ICIs than patients with rare EGFR mutations.
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TABLE 2 Risk factors analysis of PD-L1 expression in EGFR-mutated patients.

10.3389/fimmu.2022.931718

Variables PD-L1 expression p-value
Negative (<1%) Medium (1-49%) High (=50%)

Gender 0.9213
Female 38 (66.67%) 27 (62.80%) 9 (64.29%)
Male 19 (33.33%) 16 (37.21%) 5 (35.71%)

Age 0.6615
Age<65 40 (70.18%) 28 (65.12%) 7 (50.00%)
65<Age<75 13 (22.81%) 10 (23.26%) 5 (35.71%)
Age=75 4 (7.02%) 5 (11.63%) 2 (14.29%)

Smoking history 0.6538
Ever 29 (50.88%) 19 (44.19%) 8 (57.14%)
Never 28 (49.12%) 24 (55.81%) 6 (42.86%)

Prior lines of therapy 0.5956
0 1 (1.75%) 3 (6.98%) 1 (7.14%)
1-2 34 (59.65%) 27 (62.79%) 7 (50.00%)
=3 22 (38.60%) 13 (30.23%) 6 (42.86%)

EGEFR status 0.1711
Major 41 (73.21%) 27 (62.79%) 8 (61.54%)
Rare 7 (12.50%) 10 (23.26%) 5 (38.46%)
Others 8 (14.29%) 6 (13.95%) 0 (0.00%)

T790M status 0.0825
Positive 21 (38.18%) 13 (30.95%) 1 (7.14%)
Negative 34 (61.82%) 29 (69.05%) 13 (92.86%)

A possible explanation may be that NSCLC with rare EGFR
mutations had higher levels of PD-L1 expression and more
abundant CD8+ tumor-infiltrating lymphocytes (TILs)
infiltration (27). In addition, research by Dong et al., based on
the analysis of the Cancer Genome Atlas cohort and the
Guangdong Lung Cancer Institute cohort, showed that tumor
mutation burden was significantly lower in patients with
treatment-sensitive EGFR mutations than in patients with
resistant or unknown EGFR mutations (28). However, when
comparing ICIs efficacy on L858R and 19Del, our findings are
inconsistent with others. A retrospective study suggested that
patients with 19Del mutation have a significantly reduced
benefit of treatment with ICIs (20). In our study, there was no
statistical difference between L858R and 19Del in terms of PES,
OS, or ORR. An increase in the number of cases may have
contributed to the discrepancy.

As for T790M status, our study suggested that T790M
positivity was correlated with lower ORR, a finding in
agreement with several previous studies. For example, an
analysis of 25 patients found that ORR were lower in T790M-
positive than in T790M-negative patients (29), and a
retrospective study of 24 patients reported that the disease
control rate was also lower in T790M-positive patients
compared to that in T790M-negative group (25). In addition,
these two studies also confirmed that T790M mutations
inversely predicted the PES following treatment with ICIs (25,
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29). The IMMUNOTARGET registry study reported similar
results (30). One possible reason is that T790M-negative
patients had higher levels of PD-L1 expression as compared to
T790M-positive patients (29). However, our study showed no
statistical difference in PFS and OS between T790M-positive or
T790M-negative patients. Another study with 108 patients also
found that T790M status had no impact on the benefit from
treatment with ICIs (20). Taken together, these controversial
findings suggest that sample size can affect these results and that
prospective studies involving larger numbers of patients are
required to determine the impact of T790M status on the
efficacy of ICIs.

To date, immunohistochemical detection of PD-L1
expression on tumor cells has been the most widely used and
accepted biomarker for predicting responsiveness to PD-1/PD-
L1 inhibitors (31). Multiple clinical trials have proved that
higher levels of PD-L1 expression were found to correlate
positively with greater benefit from ICIs in patients with
advanced NSCLC (32). These results, however, were obtained
mainly from patients with wild-type EGFR, with the predictive
value of PD-LI expression in patients with EGFR mutations
remaining unclear. Several small retrospective studies have
indicated that higher PD-L1 expression in EGFR-mutated
patients was associated with longer PFS than lower PD-L1
expression (33, 34). The present study, however, found no
association between PD-L1 expression and clinical variables,
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FIGURE 3

Effects of programmed cell death ligand 1 (PD-L1) expression on the efficacy of immune checkpoint inhibitors (ICls). (A—C) The effect of PD-L1
expression (PD-L1 < 1% vs. PD-L1 > 1%) on the progression-free survival (PFS) (A), overall survival (OS) (B), and objective response rate (ORR) (C)
for all patients receiving ICls. (D—F) The effect of PD-L1 expression (PD-L1 < 1% vs. PD-L1 > 1%) on the PFS (D), OS (E), and ORR (F) for patients
with major mutations receiving ICls. (G—=I) The effect of PD-L1 expression (PD-L1 < 1% vs. PD-L1 > 1%) on the PFS (G), OS (H), and ORR (I) for
patients with rare or other mutations receiving ICls. (J—-L), The effect of PD-L1 expression (PD-L1 < 1% vs. PD-L1 > 1%) on the PFS (J), OS (K),

and ORR (L) for patients with T790M receiving ICls.

consistent with previous findings (35). However, contrary to
expectations, our results displayed that the overall or major
EGFR-mutated patients with higher PD-L1 expression showed a
trend towards a shorter OS after receiving ICIs, although the
results did not reach statistical significance.

Several possibilities might account for the discrepancy and
why EGFR mutant patients with lower PD-L1 expression might
have better responses to ICIs. First, the predictive value of PD-L1
as a vital biomarker is affected by its detection methods,
including diverse immunohistochemistry platforms and
antibodies, variant sample sources (archived or fresh

Frontiers in Immunology

07

specimens) and handing procedures (timing), and different
types of cells assessed (tumor or immune cells). Second and
importantly, PD-L1 expression induced by different
mechanisms, even at the same level, may contribute to
opposite direction of predicting effect. Host anti-tumor
immunity is provoked during cancer progression, resulting in
the upregulation of PD-L1 by various inflammatory factors, such
as IFN-v, as a negative feedback (36). This “acquired expression”
of PD-L1 is a strong indicator of existing immunity, suggesting
that ICIs could overcome the immunosuppression by blocking
the PD-L1/PD-1 axis and will bring more benefit for this
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TABLE 3 Univariate and multivariate analyses of each factor’s ability in predicting PFS for 114 EGFR-mutated patients receiving ICls.

Variables Univariate analysis
OR (95% CI)

Gender

Female Reference

Male 1.067 (0.705-1.615)
Age

Age<65 Reference

65< Age <75 0.997 (0.623-1.576)

Age=75 0.683 (0.373-1.251)
Smoking history

Ever Reference

Never 1.304 (0.882-1.928)
Treatment

Monotherapy Reference

Combination 1.075 (0.602-1.920)

subgroup of patients. In contrast, in EGFR-mutated NSCLC,
PD-LI can be constructively upregulated by EGFR activation
and its downstream signaling pathways, such as JAK/STAT/Ras/
RAF/MEK/ERK/PI3K/AKT/mTOR (37). This “intrinsic
expression” of PD-L1 does not necessarily correlate with pre-
existing immune responses, such that patients with tumors
positive for PD-L1 are commonly resistant to ICIs (38). The
study by Gao et al. showed that overexpression of PD-1 or PD-
L1 in tumor cells inhibited tumor cell proliferation, whereas
blocking PD-1 or PD-L1 promoted tumor growth in vitro and in
vivo (39). Thus, in the context of absent adaptive immunity,
intrinsic PD-L1 expression in tumor cells could decrease tumor
progression. In EGFR-mutant NSCLC, tumor
microenvironment (TME) tends to be a poorly immunogenic
“immune desert” phenotype (40), and thus, it could be
speculated that blocking PD-1/PD-L1 would enhance tumor
growth and lead to resistance to ICIs, even HPD. HPD has been
reported in approximately 20% of patients with EGFR
mutations, which is much higher than that in wild-type
patients (41). Several studies demonstrated that PD-LI
expression on immune cells were less affected by tumor cell
intrinsic factors, such as EGFR activation, and might be a better
biomarker. Third, current results were all obtained from
retrospective studies. Further prospective research is needed to
determine the exact role of PD-L1 in predicting ICIs efficacy in
EGFR-mutated NSCLC.

Besides PD-L1, more parameters, particularly factors
reflecting features of TME, are emerging as novel biomarkers
for predicting the efficacies of ICIs (42). The TME is not only
essential for tumor survival and development but also critical for
responses to immunotherapeutic strategies (43). EGFR
mutations affect multiple components of the TME, and studies
have revealed that activation of the EGFR signaling pathway
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Multivariate analysis

p OR (95% CI) P

0.752 0.343
Reference

1.235 (0.798-1.910)

0.578 0.490
Reference
0.968 1.043 (0.648-1.678) 0.862
0.255 0.648 (0.308-1.365) 0.254
0.172 0.150
Reference
1.359 (0.895-2.065)
0.799 0.930

Reference

1.027 (0.572-1.841)

leads to alterations of TME status, including infiltration of
immune cells and expression of immunoregulatory cytokines
or exosomes (37). For example, EGFR-mutant tumors tend to
have high expression of Tregs and CD73 and low infiltration of
CD8+ T cells, indicating an immunosuppressive TME (44).
Thus, EGFR-mutant NSCLC may have a distinct TME and
identifying key factors involved in anti-tumor responses will
provide powerful predictive biomarkers for immunotherapy (45,
46). Using high-plex and high-throughput technologies to
discover protein biomarkers and molecular phenotypes of
NSCLC biopsy samples, a recent study has generated new
methodologies for assessing the TME profiles (47).

Treatment strategies and sequence of therapies are crucial to
the efficacy of ICIs in EGFR-mutated patients as well. The results
of the present study, along with the results of previous studies,
suggest that ICIs should be used earlier during the course of
treatment. For example, the KEYNOTE-001 trial found that ICIs
were more effective in treatment-naive than in previously treated
patients, with ORRs of 41.6% and 22.9%, respectively, and median
OS of 22.3 and 10.5 months, respectively (48). Moreover, in the
KEYNOTE-024 and KEYNOTE-189 trials, the median PFS2,
defined as the time from randomization to disease progression
after initiation of new anticancer therapy or death from any cause,
was longer in patients initially randomized to pembrolizumab or
pembrolizumab plus pemetrexed—platinum group, suggesting that
ICIs in first-line settings had a greater survival benefit for EGFR-
wild type patients (49, 50).

Although this study would provide some clues for the
application of ICIs in EGFR-mutated NSCLC patients, yet it
had several limitations. First, it was a retrospective analysis of
publicly available data rather than a prospective study. Second,
although we have collected a relatively large number of EGFR-
mutated patients with high PD-L1 expression, it was still not
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Effects of prior lines of therapy on the efficacy of immune checkpoint inhibitors. (A—C) In all patients, progression-free survival (PFS) (A), overall
survival (OS) (B), and objective response rate (ORR) (C) of patients with 1-2 or > 3 lines of therapy. (D—F) In patients harboring major mutations,
PFS (D), OS (E), and ORR (F) of patients with 1-2 or >3 lines of therapy. (G-1) In patients harboring rare or other mutations, PFS (G), OS (H), and
ORR (I) of patients with 1-2 or >3 lines of therapy. (J—L) In patients harboring T790M, PFS (J), OS (K), and ORR (L) of patients with 1-2 or >3

lines of therapy.

enough for subgroup analysis. Third, this study included
patients involved in clinical trials and standard treatments.
Thus, their characteristics were not uniform across the groups,
which may have led to selection bias. Moreover, this study only
discussed the efficacy of ICIs alone in EGFR-mutated
NSCLC patients.

Conclusion and future directions for
ICl-based treatment in EGFR-
mutated NSCLC

Till now, the modality of treatments for EGFR-mutated
advanced NSCLC patients is still controversial. On the basis of
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the latest National Comprehensive Cancer Network guideline,
EGFR-TKIs are the preferred first-line treatment option
regardless of PD-L1 expression level (51). Large numbers of
studies have demonstrated the superior efficacy of EGFR-TKIs as
first-line choice in EGFR-mutated patients. By contrast, ICIs
used before EGFR-TKIs showed poor therapeutic efficacy and
relatively high toxicity. A phase II trial (http://clinicaltrials.gov/
show/NCT02879994) of pembrolizumab in TKI-naive patients
with EGFR mutations was ceased because none of these patients
responded to pembrolizumab, although 73% of patients had
high PD-L1 expression (=50%) (15). Our study also confirmed
that ICIs as first-line treatment showed poor efficacies, especially
in patients with major EGFR mutations. Meanwhile, severe
immune-related adverse events (irAEs) were observed in
patients who were treated with sequential PD-1/PD-L1
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Schematic diagram of treatment strategies for advanced non-small cell lung cancer (NSCLC) patients with epidermal growth factor receptor
(EGFR) mutations. Immune checkpoint inhibitor (ICl)-based treatment strategies for EGFR-mutated (EGFRmut) patients with advanced NSCLC
should be elaborately designed. (A—C) In the first-line setting, (A) ICls was found to lack efficacy and subsequent EGFR-tyrosine kinase inhibitors
(TKIs) treatment possibly leads to severe immune-related adverse events, and (B) ICls in combination with TKIs also resulted in high treatment-
related toxicities and poor tolerance. (C) EGFR-TKIs are still preferred for the first-line therapy of EGFRmut patients regardless of programmed
cell death ligand 1 expression. (D—F) As for subsequent ICl-based therapy after TKIs resistance, (D) ICls alone may have better efficacy in
EGFRmut patients with rare mutation or patients who had received fewer prior lines of therapy. ICI-based combined therapies, including (E) ICls
plus chemotherapy and (F) IClIs plus chemotherapy and anti-angiogenic therapy, have shown promising results in prospective clinical studies
and represent the future treatment strategies and direction for these patients.

inhibitors followed by osimeritinib, but no irAEs were observed
when osimertinib preceded PD-(L)1 blockade (52). Besides,
combinations of ICIs and EGFR-TKIs are not considered ideal
first-line treatments, with many clinical trials halted because of
immune-related toxicity issues and limited efficacy (53).
Therefore, neither treatment guidelines nor clinical practice
considers ICIs as the first-line treatment option for EGFR-
mutated patients; rather, EGFR-TKIs remain the first-line
treatment of choice for these patients.

However, ICIs should still be used for the treatment of EGFR-
mutated NSCLC patients despite their poor first-line treatment
efficacy. The results of a real-world study presented at 2021 World
Conference on Lung Cancer (WCLC) revealed that patients who
received ICIs at any point had longer OS than those who did not
receive ICIs, indicating that ICIs still play an important role in the
treatment of EGFR-mutated NSCLC patients (54). Moreover,
patients who progress on EGFR-TKIs should be started on ICIs
as soon as possible. Prospective studies have indicated ICI-based
combination therapies would have a better prospect in EGFR-
mutated patients, and some studies have shown promising results.
For example, Deng’s study has proved that in patients with EGFR-
TKI-resistant advanced NSCLC, ICIs plus chemotherapy
provided promising ORR and PES benefit, along with a low rate
of severe AEs (55). One study presented at the 2021 WCLC also
showed that combined pembrolizumab and chemotherapy
improved the response rate of TKIs refractory EGFR-mutated
NSCLC patients (56). More promisingly, the IMPOWER 150
uncovered the importance of anti-angiogenic therapy in EGFR-
mutated NSCLC. In patients with sensitizing EGFR mutations,
improved OS was observed in atezolizumab plus bevacizumab
plus carboplatin plus paclitaxel (ABCP) group rather than
bevacizumab plus carboplatin plus paclitaxel (BCP) group (57).
The ORIENT-31 trial has also demonstrated that treatment with
anti-PD-1 and anti-angiogenesis plus chemotherapy significantly
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improved PFS in patients with EGFR-mutated non-squamous
NSCLC resistant to EGFR-TKIs (58).

In conclusion (Figure 5), EGFR-TKIs are still the preferred
first-line treatment for EGFR-mutant NSCLC. After TKIs
resistance, ICI-based combination therapies are the direction
for future treatment. However, not all patients could tolerate
combination therapy and ICIs alone is a choice for EGFR-
mutant patients with beneficial features. Moreover, as it is
difficult to identify the dominant subgroups that will benefit
from ICI-based combination therapies, our findings of ICI
therapy alone from this study may provide some clues.
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