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lung cancer patients with
epithelial growth factor
receptor mutations
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Cancer Radiotherapy and Chemotherapy, Baoding, China, ?2Department of Pathology, Affiliated
Hospital of Hebei University, Baoding, China

Background: Immunotherapy using programmed cell death protein 1/
programmed death-ligand 1 (PD-1/PD-L1) inhibitors seems less effective in
non-small cell lung cancer (NSCLC) patients with epithelial growth factor
receptor (EGFR) mutations. Varied responses to PD-1/PD-L1 inhibitors have
recently been observed in NSCLC patients harboring different types of EGFR
mutations. Some EGFR-mutated NSCLC patients may benefit from PD-1/PD-
L1 inhibitors. At present, PD-L1 expression, tumor mutational burden (TMB),
and tumor immune microenvironment (TIME) are biomarkers for predicting the
efficacy of PD-1/PD-L1 inhibitors in NSCLC patients. We retrospectively
evaluated PD-L1 expression, TMB, and immune cell infiltration in NSCLC
patients with EGFR mutation subtypes.

Methods: PD-L1 expression, TMB, and the abundance of immune cell
infiltration in NSCLC patients were evaluated in public databases and clinical
samples. TMB was detected using the NGS technique, PD-L1 was detected
using immunohistochemistry, and the abundance of immune cell infiltration in
NSCLC samples was detected using multiple immunohistochemistry.

Results: PD-L1 expression and TMB were lower in EGFR-mutated NSCLCs than
in wild-type patients. Differences in the abundance of immune cell infiltration
were also observed between EGFR-mutated and wild-type NSCLC. The
expression of PD-L1, TMB, and abundance of immune cell infiltration were
different in patients harboring different subtypes of EGFR mutations. Patients
with uncommon EGFR mutations, especially the G719X mutation, showed
higher TMB and expressions of PD-L1 than classical EGFR mutations. M1
macrophages were higher in uncommon EGFR mutations than classical
EGFR mutations.
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Conclusions: The expression of PD-L1 and TMB in uncommon EGFR-mutated
NSCLCs, especially the G719X mutation, were higher than those for classical
EGFR-mutated NSCLCs and similar to EGFR wild-type. The abundance of
immune cell infiltration in uncommon EGFR-mutated NSCLCs was similar to
that in EGFR wild-type. Our findings suggest that uncommon EGFR-mutated
NSCLCs may benefit from PD-1/PD-L1 inhibitors.
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Introduction

Lung cancer is the leading cause of cancer-related death
around the world (1). Non-small cell lung cancer (NSCLC)
accounts for 85% of all lung cancer types, of which lung
adenocarcinoma, the most common subtype of NSCLC,
accounts for 30-35% of total lung cancer cases (2). There were
approximately 50% of Asians and 10-15% of Caucasians with lung
adenocarcinoma harboring mutations in epithelial growth factor
receptor (EGFR) gene (3). Over decades, EGFR tyrosine kinase
inhibitors (TKIs) were developed from first to third generations
and significantly improved progression-free survival (PES) and
overall survival (OS) in patients with EGFR-sensitive mutations
(4-10). However, drug resistance will occur in most patients.
Recently, immune checkpoint inhibitors using programmed cell
death protein 1/programmed death-ligand 1 (PD-1/PD-L1)
inhibitors have been used for NSCLC. However, many studies
have indicated that PD-1/PD-L1 inhibitors used in EGFR-TKI-
resistant NSCLC patients were not as effective as chemotherapy,
with an increased rate of immune-related side effects (11-14). In
the past, clinical studies for first-line immunotherapies in EGFR-
mutated NSCLC patients have been terminated due to poor
efficacy and obvious side effects. Therefore, EGFR-mutated
NSCLC patients were restricted for clinical studies and practice
using immunotherapy.

Following resistance to EGFR-TKI, subgroup analyses of an
impower150 study indicated that EGFR-mutated NSCLC patients
might benefit from the combination of Atezolizumab,
Bevacizumab, Carboplatin, and Paclitaxel (15). Subsequent
studies have shown that some subgroups of EGFR-mutated
NSCLC patients may benefit from immune checkpoint inhibitors
(15-19). Yamada et al. (19) found that the use of immune
checkpoint inhibitors significantly improved PES in patients with
uncommon EGFR mutations than classic mutations (L858R,
ex19del). Until now, there is a lack of large-scale clinical studies
on the efficacy of immune checkpoint inhibitors in NSCLC
patients with different subtypes of EGFR mutations. PD-LI,
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tumor mutational burden (TMB), and tumor immune
microenvironment (TIME) are considered to be biomarkers for
predicting the efficacy of immune checkpoint inhibitors in NSCLC.
However, the use of these biomarkers in NSCLC patients with
different subtypes of EGFR mutations remains undefined. In this
study, we performed biological information analyses, next-
generation sequencing (NGS) detection, immunohistochemistry
(THC), and multiple immunohistochemistry to evaluate PD-L1,
TMB, and immune cell infiltration in subtypes of EGFR-mutated
NSCLC. The study provides a theoretical reference for selecting
EGFR-mutated NSCLC patients that may benefit from immune
checkpoint inhibitors.

Materials and methods
Sample and data collection

Network dataset: A dataset containing RNA-seq gene
expression profiles, gene mutation data, and the clinical data of
NSCLC patients was downloaded from The Cancer Genome Atlas
(TCGA) dataset (https://portal.gdc.cancer.gov/). Gene mutation
information for NSCLC patients within the TCGA dataset was
downloaded from the cBio Portal Dataset (http://www.cbioportal.
org/). A protein dataset of NSCLC patients was downloaded from
the TCPA dataset (https://www.tcpaportal.org/tcpa/index.html).
Data from 474 NSCLC patients were analyzed.

Clinical validation dataset: Between January 2012 and
October 2020, a total of 1,111 NSCLC patients, including 442
patients with an EGFR wild-type and 669 patients with EGFR
alterations, were recruited at the Affiliated Hospital of Hebei
University. Thirty-three patients with qualified specimens in the
EGFR mutation population were selected, and their specimens
were used to detect the abundance of immune cell infiltration
within the tumor microenvironment. Clinical data were
obtained from an electronic medical records database, and all
patients provided written informed consent for the use of their
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tumor specimens. The study protocol was approved by the ethics
committee of the Affiliated Hospital at Hebei University.

Calculation of TMB and immune
cell infiltration

TMB is defined as the sum of somatic/acquired mutations in
each gene coding region of tumors and is also considered to be
the total number of base mutations per megabase. Gene
mutation information for NSCLC samples was downloaded
from the TCGA dataset. After excluding silent mutations, the
TMB value of each sample was calculated using the R language.
Four hundred and fifty (450) oncogenes in each clinical sample
were additionally detected using NGS technology based on
NovaSeq6000 (Illumina, CA, USA), and the TMB of each
sample was calculated.

The mRNA of each sample within the TCGA database was
downloaded and collated, and the content of immune cells in each
tumor sample was calculated using the CIBERSORT algorithm.

Immunohistochemistry and multiple
immunohistochemistry

Tumor tissues from the core biopsies of resected samples
were used to perform IHC testing. Immunohistochemical
staining for PD-L1 was performed using Dako 22C3 (Agilent,
California, USA). The test was performed using EnVision FLEX
visualization system on the DAKO Autostainer Link 48. PD-L1
IHC 22C3 pharmDx kit and EnVision FLEX washing buffer
(20X) used in the experiment were purchased from Mercado
Co., Ltd (China). A minimum of 100 viable tumor cells (TCs)
must be present for evaluation.

Samples that provided > 5 sections and samples with a
proportion of malignant tumor cells > 30% were selected for
multiple immunohistochemical testing, which was used to detect
the infiltration of immune cells (CD8 + T cells, CD3 + T cells, M1
and M2 macrophages, NK cells, CD3 + PD1 + T cells, CD3 + CD8 +
T cells, and CD8 + PD1 + T cells) in tumor samples. PANO 7-plex
IHC kit (Panovue, Beijing, China) was used for multiplex
immunohistochemical staining. Different primary antibodies
were successively applied, and then horseradish peroxidase-
coupled secondary antibody incubation and tyrosamine signal
amplification (TSA) were performed. After each TSA operation,
the slide was subjected to microwave heat treatment. After all
human antigens were labeled, the nuclei were stained with 4 -6 ¢
-diamino-2-phenylindole (DAPI). The stained slides were scanned
using the Mantra System (PerkinElmer, Waltham, Massachusetts,
US) to obtain multispectral images, and a single stack image is
established by combining the scanning. The autofluorescence
spectra of tissues and fluoresceins were extracted from the images
of unstained and single-stained sections, respectively. Through
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inForm image analysis software (PerkinElmer, Waltham,
Massachusetts, US), the extracted images were further used to
build the spectral library required for multispectral separation.
Using this spectral library, we obtained slice reconstructions with
autofluorescence removed. All stained tissues were independently
scored by two pathologists who were blinded to the
clinical parameters.

Evaluating index

Two board-certified pathologists independently evaluated all
stained slides for PD-L1 staining. Per the reported standard
recommendation (20, 21), the PD-L1 tumor proportion score
(TPS), the percentage of TCs showing partial or complete
membrane staining, was calculated. We divided samples into
three groups according to TPS: < 1%, 1-49%, and > 50%. We
identified positive PD-L1 expression using a cut-off of > 1%.
High tumor mutation load (TMB-H) was defined as TMB > 10
mutations/Mb.

PD-1 expression on TCs and CD8 + T cell infiltration was
defined as PD-1+/CD8+. PD-1 expression on TCs and CD3 + T
cell infiltration was defined as PD-1+/CD3+. CD3 + T and CD8 +
T cell infiltration was defined as CD3+/CD8+. CD68+CD163-
cells were defined as a M1 macrophage. CD68+CD163+ cells were
defined as a M2 macrophage. CD56+ cells were defined as
NK cells.

Statistical analyses

Statistical analyses were performed using SPSS, Version 24.0,
for clinical samples, and R, Version 4.0.2, for downloaded data. A
chi-square test or the Fisher exact probability method was used for
analyzing the clinical characteristics of EGFR-mutated NSCLC
patients. A Wilcoxon rank sum test was used for comparing
differences in PD-L1 expression, TMB, and the abundance of
immune cell infiltration between EGFR wild-type patients and
EGFR-mutated patients. All results were tested using a bilateral P
test, and P < 0.05 was considered statistically significant.

Results

Patient characteristics within the TCGA
database

Clinical information for 474 NSCLC patients extracted from
the TCGA dataset was analyzed (Supplementary Tables 1, 2). In
our study, there were 423 patients (423/474, 89.2%) with EGFR
wild-type and 51 patients (51/474, 10.8%) harboring EGFR
alterations. In EGFR-mutant patients, 17 patients possessed
classical EGFR mutations (17/51, 3.6%), 17 patients possessed
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uncommon EGFR mutations (17/51, 3.6%), and 17 patients
possessed EGFR amplification (17/51, 3.6%). No statistically
significant differences were observed in gender, age, or TNM
(The Classification of Malignant Tumors) stage between patients
with EGFR alteration and wild-type (P > 0.05).

Patient characteristics within clinical
center data

A total of 1,111 NSCLC patients were enrolled in our clinical
center, including 442 patients with EGFR wild-type and 669 patients
with EGFRalterations. The presence of L858R mutation and ex19del
mutation were the two most frequent mutations (Figure 1). The
summary of demographic and clinic information of the 1,111
patients was listed in Table 1. There were 547 males (49.2%, 547/
1,111) and 564 females (50.8%, 564/1,111). EGFR mutation showed
higher frequency in female, non-smoking, and stage I NSCLC
patients (P < 0.001). Compared with EGFR wild-type group, there
were less patients in EGFR-mutated group showed TMB-H (TMB >
10 mutations/MB, 11.1% vs. 37.6%, P < 0.001) and high expression
of PD-L1 (TPS: > 50%, 4.8% vs. 11.8%, P < 0.001).

A total of 33 EGFR-mutated NSCLC patients were identified
from 669 patients with EGFR alterations (Supplementary
Table 3). There were 30.3% (10/33) patients possessed
uncommon EGFR mutations; and 69.7% (23/33) patients
possessed classical EGFR mutations. No statistically significant
differences were observed in gender, age, stage, operation,
smoking status, and pathological type between patients with
uncommon and classical EGFR mutations (P > 0.05).

ex20ins, 31, 3% __ 1790M, 30, 2% [

G719X, 33, 3%
Amplification,
92, 8%

FIGURE 1
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The expression of PD-L1 in EGFR
mutated NSCLC patients

A total of 355 NSCLC samples in TCGA database were tested
for PD-L1 expression. We compared the expression of PD-LI in
NSCLC patients between EGFR wild-type and EGFR-mutated
groups (Figure 2A) and observed higher expression in EGFR
wild-type patients (P = 0.0027). We further compared the
expression of PD-LI in patients with different subtypes of EGFR
mutations and EGFR wild-type (Figure 2B). The expression of PD-
L1 in patients with uncommon EGFR mutations was comparable to
EGFR wild-type (P = 0.13), while the expression of PD-LI in
patients with classical EGFR mutations was lower as compared to
EGEFR wild-type (P =0.0047). Although the median value of PD-L1
in patients with uncommon EGFR mutations displayed a higher
trend as compared to classical EGFR mutations, the difference was
not statistically significant (P = 0.16).

The expression of PD-L1 in subgroups of patients with
EGFR mutations in our clinical center were provided in
Figure 2C. The positive expression of PD-L1 in patients with
uncommon EGFR mutations (G719X, L861Q, and other rare
mutations) were higher than that in patients with classical EGFR
mutations (19del, L858R, T790M). Patients were divided into
four groups as PD-L1-/TMB-L, PD-L1-/TMB-H, PD-L1+/TMB-
L, and PD-L1+/TMB-H. The distribution of TMB and PD-L1 in
EGFR mutated NSCLC patients were different within different
EGFR mutation subtypes (Figure 2D). The proportion of
patients with PD-L1+/TMB-H in G719X and other
uncommon EGFR mutations was higher than that in other
subtypes of EGFR mutations (P < 0.001).

L861Q, 11,1% other
uncommon
mutations, 15,

.

The proportion of patients with different subtypes of EGFR mutations in the 1,111 NSCLCs.
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TABLE 1 Baseline characteristics for the 1,111 NSCLC patients.

Characteristics

10.3389/fonc.2022.922899

Total (N = 1,111) EGFR-WT (N = 442) EGFR-alteration (N = 669) P-value
Age (median, IQR) — 61, 53-68 59, 53-67 0.251
Gender < 0.001
Male 547 (49.2%) 296 (67.0%) 251 (37.5%)
Female 564 (50.8%) 146 (33.0%) 418 (62.5%)
Stage 0.001
I 414 (37.3%) 135 (30.5%) 279 (41.7%)
I 86 (7.7%) 36 (8.1%) 50 (7.5%)
111 145 (13.1%) 74 (16.7%) 71 (10.6%)
v 360 (32.4%) 149 (33.7%) 211 (31.5%)
Unknown 106 (9.5%) 48 (10.9%) 58 (8.7%)
Smoking < 0.001
No 655 (59.0%) 208 (47.0%) 447 (66.8%)
Yes 287 (25.9%) 159 (36.0%) 128 (19.1%)
Unknown 169 (15.2%) 75 (17.0%) 94 (14.1%)
TMB (mutations/Mb) (median, IQR) — 6.2,2.5-14.4 3.7,1.8-6.1 < 0.001
TMB = 10 mut/Mb 240 (21.6%) 166 (37.6%) 74 (11.1%)
TMB < 10 mut/Mb 871 (78.4%) 276 (62.4%) 595 (88.9%)
PD-L1 < 0.001
< 1% 841 (75.7%) 295 (66.7%) 546 (81.6%)
1-49% 186 (16.7%) 95 (21.5%) 91 (13.6%)
> 50% 84 (7.6%) 52 (11.8%) 32 (4.8%)
A EGFR £ Mutation £ Wid B EGFR [ Classical mutation E53 uncommon £53 Wild
0.0027 3 018
. r 0.0047 y
2 : 0.16
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FIGURE 2
The expression of PD-L1 in TCGA database (A, B) and clinical center (C, D). (A) Comparison of PD-L1 expression in NSCLC patients from TCGA
database between EGFR wild-type and EGFR-mutated groups. (B) Comparison of PD-L1 expression in NSCLC patients from TCGA database
between EGFR classical mutations, uncommon mutations, and EGFR wild-type groups. (C) The expression of PD-L1 in patients with different
EGFR mutations in our clinical center. (D) The distribution of PD-L1-/TMB-L, PD-L1-/TMB-H, PD-L1+/TMB-L, and PD-L1+/TMB-H in NSCLC
patients with different EGFR mutations in our clinical center.

Frontiers in Oncology

05

frontiersin.org


https://doi.org/10.3389/fonc.2022.922899
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Ma et al.

TMB in EGFR mutated NSCLC patients

We analyzed TMB in EGFR mutated NSCLC patients in
TCGA database and found that TMB in EGFR wild-type
patients was higher than that in EGFR mutated patients (P =
2.7 %108, Figure 3A). As shown in Figure 3B, TMB was lower in
patients with classical EGFR mutations than uncommon EGFR
mutations (P = 0.0036) and EGFR wild-type (P = 4.4 x 10°©).
TMB between patients with uncommon EGFR mutations and
EGFR wild-type were comparable (P = 0.44).

In our clinical center, the highest TMB level was observed in
patients with a G719X mutation, which were higher than ex19del
(7.5vs. 3.1 mutations/Mb, P < 0.001), L858R (7.5 vs. 3.4 mutations/
Mb, P < 0.001), ex20ins (7.5 vs. 4.6 mutations/Mb, P = 0.019), and
T790M (7.5 vs. 4.05 mutations/Mb, P = 0.024) (Figure 3C).

To investigate the effect of other gene mutations on EGFR mutation
samples, we detected co-mutation genes with EGFR mutation subtypes
(Figure 4). TP53 was a high-frequency, co-mutated gene for all subtypes
of EGFR mutations. LRP1B were more frequently co-mutated with
G719X mutation than other EGFR mutations.

Immune cell infiltration in EGFR mutated
NSCLC patients

Immune cell infiltration in EGFR mutated NSCLC patients in
TCGA database were shown in Figure 5. The violin map of immune
cell infiltration indicated that the infiltration of CD8 + T cells (P <
0.001), activated CD4 + T cells (P < 0.001), and M1 macrophages (P =

>

Type B3 Mutation E53 Wild
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0.013) were lower in EGFR mutated patients than wild-type
(Figure 5A). The comparison of immune cell infiltration observed
non-significant difference between patients with uncommon EGFR
mutations and EGFR wild-type (Figure 5B). The infiltration of CD8 +
T cells and activated CD4 + T cells was lower in patients with classical
EGFR mutations than wild-type (P < 0.05) (Figure 5C). The infiltration
of M1 macrophages was higher in patients with uncommon EGFR
mutations than classical EGFR mutations (P < 0.05) (Figure 5D).
Immune cell infiltration in patients with EGFR mutations within
clinical center data were shown in Figure 6. According to infiltration
of immune cells (Supplementary Figure 1), M1 macrophages in
uncommon EGFR mutated tumor samples was higher than that in
classical EGFR mutated tumor samples (Figure 6A) (P < 0.05). No
statistically significant differences in the infiltration of CD3 + T cells,
CD8 + T cells, M2 macrophages, and NK cells were observed between
uncommon EGFR mutations and classical EGFR mutations
(Figure 6A). The infiltration of CD8 + PD1 + cells (P = 0.23), CD3
+ PD1 + cells (P = 0.065), and CD3 + CD8 + cells (P = 0.38) were also
evaluated but no statistically significant differences were observed
between uncommon and classical EGFR mutations (Figures 6B-D).

Prognosis of EGFR-mutated NSCLC patients
with different infiltrations of immune cells

The relationship between immune cell infiltration and
prognosis was further analyzed in 33 EGFR mutated NSCLC
patients. Our results indicated that the PES of patients with
higher infiltration of M1 macrophages was longer than the low

B EGFR 1 Classical mutation 553 uncommon ] Wid

044

4.4e-08
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TMB(Mutations/Mb)

Classical mutation  uncommon

0024
—

0019
—

000038

26e-05
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FIGURE 3

L858R  ex20ins  G719X
31 a5 75

(23615 (1955)
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405 38 s
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(8861  (8sss) (231235

TMB in TCGA database (A, B) and clinical center (C). (A) Comparison of TMB in NSCLC patients from TCGA database between EGFR wild-type
and EGFR-mutated groups. (B) Comparison of TMB in NSCLC patients from TCGA database between EGFR classical mutations, uncommon
mutations, and EGFR wild-type groups. (C) The expression of TMB in patients with different EGFR mutations in our clinical center
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(C), and EGFR classical mutations and uncommon mutations (D).

infiltration group (Figure 7A) (P = 0.001). No significant
association was observed between patient prognosis and
infiltration of CD8 + T cells, CD3 + T cells, M2 macrophages,
NK cells, CD3 + PD1 + T cells, CD3 + CD8 + T cells, and CD8 +

PDI + T cells (Figures 7B-H).

Uncommon EGFR mutated NSCLC
patients who benefited from an immune
checkpoint inhibitor

To evaluate the treatment benefits of immune checkpoint
inhibitors for NSCLC patients with uncommon EGFR

Frontiers in Oncology 07

mutations, we reported an NSCLC patient with uncommon
EGFR mutation who benefited from immunotherapy. The 59-
year-old male patient with smoking history for more than 40
years was pathologically diagnosed as adenosquamous
carcinoma (T2N2MOIIIA). Uncommon EGFR mutations,
including G719C and S768I, were identified in tumor sample.
The patient received 20 cycles of Pembrolizumab (PD-1
inhibitor) treatment (Figure 8). During treatment, the patient
maintained partial response (PR), and the primary and
metastatic lesions were controlled for more than 16 months.
At present, the patient continues to receive Pembrolizumab. The
immune cell infiltration in the tumor tissue of the patient was
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further detected. The density of M1 macrophages was higher
than the median level of the above classical EGFR mutation
(2515/mm? vs. 854/mm?).

Discussion

In this retrospective analysis, we revealed a correlation
between EGFR mutations and immunotherapy biomarkers.
Our results indicated differences in PD-L1, TMB, and tumor
immune cell infiltration between NSCLC patients with and
without EGFR mutations. Differences in TMB and immune
cell infiltration amongst subtypes of EGFR mutations were
also investigated. We used clinical samples of NSCLC as a
validation cohort in order to explore PD-L1, TMB, and
immune cell infiltration in patients harboring different
subtypes of EGFR mutations. Our results indicate that TMB
and PD-L1 were lower in NSCLC patients with EGFR mutations
than in wild-type. Further analyses in subtypes of EGFR
mutations indicated that the expression of PD-L1, TMB, and
the proportion of TMB-H/PD-L1+ were higher in patients with
uncommon EGFR mutations, especially the G719x mutation,
than classical EGFR mutations. TIME analyses indicated that the
infiltration of M1 macrophages was higher in patients with
uncommon EGFR mutations than classical mutations. Our
study further explored differences in TMB, PD-L1, and
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immune cell infiltration amongst different subtypes of
EGFR mutations.

PD-L1 is a biomarker that can predict the efficacy of PD-1/
PD-LI inhibitors for NSCLC patients. At the cellular level, it was
found that activation of the EGFR pathway in bronchial
epithelial cells can induce the expression of PD-L1 in tumor
cells (22). The expression of PD-L1 was higher in EGFR-mutated
NSCLC cells than in wild-type (23). Previous studies on tumor
tissue of NSCLC also suggested that the expression of PD-L1 was
higher in EGFR mutated NSCLC than wild-type (23, 24). In
contrast, other studies have indicated that the positive
expression of PD-L1 was lower in EGFR mutated patients
than in wild-type (24, 25). The results of our study are
consistent with the latter studies.

Various factors could impact PD-L1 expression. IFN-y
secreted by activated T cells can induce tumor cells to express
PD-LI1, which indicates that expression of PD-L1 can be
regulated by TIME-related factors. The TIME status should be
further characterized in tissues rather than in single tumor cells.
Additionally, in tumors, the expression of PD-L1 can be
regulated at pathway level through carcinogenic signals, gene
mutations, microRNA-based controls, and post-translational
regulations. PD-L1 expression in NSCLC tumor cells can be
promoted by the mTOR and ERK regulatory mechanisms in
activated EGFR pathways. Factors mediating EGFR signaling
and PD-L1 expression, such as NF-k BP65, STAT3, and/or
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JAK2-STAT], also play important roles (26). In this study, the
infiltration of CD8 + T cells in EGFR mutated NSCLC was lower
than in the EGFR wild-type. Given that IFN-v secreted by CD8 +
T cells can regulate the expression of PD-L1, we speculate that
the different expression of PD-L1 between EGFR wild-type and
EGFR mutated NSCLC is related to the infiltration of CD8 + T
cells, in addition to EGFR activation pathways. In EGFR wild-
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type NSCLC, highly infiltrated CD8 + T cells can secrete a large
amount of IFN-y, further promoting the expression of PD-L1 in
tumor cells. In contrast, low infiltration of CD8 + T cells in
EGFR mutated NSCLC leads to the low expression of PD-L1.
The study showed that the expression of PD-L1 in
uncommon and classical EGFR mutations was different
between TCGA database data and clinical center data, which

frontiersin.org



https://doi.org/10.3389/fonc.2022.922899
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Ma et al. 10.3389/fonc.2022.922899
Baseline examination Postoperative recurrent PR after afatinib PD after afatinib PD after afatinib + PR after
(preoperative)  after adjuvant radiotherapy chemotherapy ~ Pembrolizumab
pT2N2MO,IIA chemotherapy
Surgery,4 cycles of Afatinib for Afatinib+chemot Pembrolizumab
postoperative adjuvant © m::m : herapy for 2 for 20 cycles.
chemotherapy + radiotherapy A A ccles(Imonth) g (>16month)
A First line Second line Third line
2017-06
Preoperative
examination
2019-08
Pembrolizumab
2017-07 Surgery
20I7—08.1020I7-IZ 201905 2019-06
Adjuvant il
o PD after Afatinib +
radiotherapy and e hemoth,
chemotherapy afatinil chemotherapy
2018-11
Recurrent, afatinib
FIGURE 8

Clinical response for third-line immunotherapy in a patient with uncommon type EGFR mutation

may due to the differences in sample size and detection methods.
More EGFR-mutated patients were included in the clinical
center data than in the TCGA database data. In addition,
compared with the TCGA database, the clinical center adopted
one method to detect PD-L1, which led to more comparability of
PD-L1 detection results among EGFR subgroups in clinical
center data than in TCGA database data.

TMB is another biomarker for predicting the efficacy of PD-
1/PD-L1 inhibitors in NSCLC. Non-synonymous mutations can
change amino acid sequences and promote the production of
new antigens in order to promote an immune response (27).
EGFR mutated NSCLC cells have fewer non-synonymous
mutations and therefore produce fewer new antigens. Several
studies have indicated that TMB in EGFR mutated NSCLC is
lower than in EGFR wild-type (28). Compared with previous
findings, we also obtained consistent results on TMB.

Low TMB in patients with EGFR mutations may be
attributed to smoking status. Somatic cell mutation is a
gradual accumulation process, and the number of mutations is
proportional to age (29). A study indicated that TMB increases
with age, with TMB in patients aged 90 at a level 2.4 times higher
than TMB in patients aged 10 (30). Multivariate analyses in our
study indicated that the EGFR G719x mutation is more likely to
occur in elderly patients than the EGFR ex19del mutation (16).
We speculate that the difference in TMB between uncommon
and classical EGFR mutations may be related to differences in
age. Several studies have shown that TMB is higher in LRP1B
mutated patients than in wild-type patients (31, 32). Patients
harboring LRP1B mutation are more likely to benefit from PD-
1/PD-L1 inhibitors (32). We identified co-mutated genes in
different subtypes of EGFR mutations and found that patients
with G719x mutation showed the highest frequency of co-
mutation with LRP1B. The presence of LRP1B mutation may
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be one of the reasons for the high TMB of G719X mutated
NSCLC. The result supports the view that NSCLC patients with
uncommon EGFR mutations may benefit from PD-1/PD-
L1 inhibitors.

The essence of immune checkpoint inhibitors is to restart
anti-tumor immunity by inhibiting tumor immune escape and
restoring the anti-tumor activity of T cells. The infiltration of
immune cells in tumors plays a key role in the efficacy of
immunotherapy. NSCLC patients with high infiltration of CD8
+ T cells tend to benefit from immune checkpoint inhibitors
(33). The TIME of EGFR mutated NSCLC lacks the infiltration
of T cells and PD-L1 +/CD8 + T cells; therefore was classified as
an immune desert (25). Indeed, our study observed that CD8 + T
cell infiltration in EGFR mutated NSCLC is lower than
wild-type.

We additionally found that activation of CD4 + T cells and
M1 macrophages can promote anti-tumor immunity and have
low infiltration in EGFR mutated NSCLC, which could limit the
killing efficiency of CD8 + T cells. In this study, no statistically
significant difference in the infiltration of immune cells between
patients with uncommon EGFR mutations and EGFR wild-type
was observed. In contrast, the infiltration of CD8 + T cells and
activated CD4 + T cells in patients with classical EGFR
mutations was lower than those in the EGFR wild-type. The
results suggest that some subgroups of patients with high
infiltration of immune cells might be masked during TIME
analysis of all EGFR mutated NSCLC. Further analysis of
subgroups of EGFR mutations is necessary.

We found that the infiltration of M1 macrophages in
patients with uncommon EGFR mutations was higher than
that in classical EGFR mutations. Patients with higher
infiltration of M1 macrophages have more favorable prognosis
than low infiltration of M1 macrophages. M1 macrophages play
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an important role in anti-tumor immunity. In the adaptive
immune process, M1 macrophages can provide defense and
kill tumor cells by secreting pro-inflammatory factors and
reactive oxygen species/nitrogen. In the specific immune
process (34), M1 can promote anti-tumor response of T cells
under tumor-specific antigen stimulation. Studies have shown
that individuals with high M1/M2 are less likely to develop
tumors. Depolarizing M2 macrophages and repolarizing them
into M1 macrophages can prevent the growth of cancer cells
(35). Rao et al. (36) detected the TIME of malignant glioma mice
lacking CD8 + T cells that could benefit from PD-1 inhibitors,
and determined that a large amount of M1 macrophages were
present in TIME. PD-1 expressed in macrophages can inhibit the
phagocytosis of macrophages (37). We speculate that PD-1
inhibitors may promote the phagocytosis of macrophages by
blocking PD-1 in order to enhance anti-tumor immunity.
Therefore, the difference in the infiltration of M1 macrophages
may be one of the reasons for differences in the efficacy of PD-1/
PD-L1 inhibitors in patients with uncommon and classical
EGFR mutations.

The efficacy of immunotherapy is not only related to the
expression of PD-L1, TMB, and immune cell infiltration but also
related to the types of gene mutations and co-mutated genes (17,
19, 38-40). A large number of studies have shown that
integrating immunotherapy with different biomarkers
improves the accuracy of prediction (41). Therefore, the
response of EGFR mutated NSCLC to immunotherapy is
jointly predicted by different biomarkers, rather than a
single predictor.

There were some limitations in our study. First, varies
treatment methods during the early stage had different impacts
on TMB and PD-L1. However, the 1,111 patients with NSCLC in
our study were not selected according to different treatment
schemes in the early stage. Second, the size of the clinical sample
is small in the context of studying the characteristics of TIME.
Finally, our study did not explore the prognosis of
immunotherapy in patients with different TMB, PD-L1, and
immune cell infiltration.

Our study revealed TMB, PD-L1, and immune cell
infiltration in different subtypes of EGFR mutations. The
findings of our study can provide a theoretical reference for
selecting EGFR mutated NSCLC patients who would likely to
receive immunotherapy. Further studies on the efficacy of PD-1/
PD-LI inhibitors in patients with EGFR subtype mutations are
continuously being undertaken.
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