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Abstract
We retrospectively investigated the impact of the tumor microenvironment (TME) 
on the efficacy of epidermal growth factor receptor (EGFR)‐tyrosine kinase inhibitors 
(TKIs) as first‐line treatment in 70 patients with advanced EGFR‐mutant non‐small cell 
lung cancer and who were seen at Osaka City University Hospital (Osaka, Japan) be‐
tween August 2013 and December 2017. Using immunohistochemical staining with 
28‐8 and D7U8C Abs, the tumor proportion score was assessed for programmed cell 
death‐1 ligand‐1 (PD‐L1), as high (50% or more) or low (less than 50%), and ligand‐2 
(PD‐L2) expression, respectively. The extent of CD8+ tumor‐infiltrating lymphocytes 
was evaluated on a scale of 0‐3, with 0‐1 as low and 2‐3 as high. The TME of the 52 
evaluable pretreatment specimens was categorized into 4 subtypes, according to the 
respective PD‐L1 tumor proportion and CD8+ scores, as follows: (a) high/high (13.5%, 
n = 7); (b) low/low (42.3%, n = 22); (c) high/low (17.3%, n = 9); and (d) low/high (26.9%, 
n = 14). Expression of PD‐L2 was significantly the highest in type 1 (57.1% vs 4.5% vs 
11.1% vs 7.1%, respectively; P = .0090). Response rate was significantly the lowest in 
type 1 (14.3% vs 81.8% vs 66.7% vs 78.6%, respectively; P = .0085). Progression‐free 
survival was the shortest in type 1 and the longest in type 4 (median, 2.4 vs 11.3 vs 
8.4 vs 17.5 months, respectively; P = .00000077). The efficacy of EGFR‐TKIs differed 
according to the TME, and the phenotype with high PD‐L1 and CD8+ expression 
might be the subset that would poorly benefit from such treatment.
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1  | INTRODUC TION

Lung cancer is the most common cause of cancer death worldwide.1 
The discovery of driver oncogenes and the development of molec‐
ular‐targeting agents have placed NSCLC management into a new 
era of personalized medicine. Mutations in the EGFR gene are one of 
the most common driver oncogenes in NSCLC.2,3 Epidermal growth 
factor receptor‐TKIs provide dramatic antitumor activity in advanced 
NSCLC patients with activating EGFR mutations. Clinical studies have 
confirmed EGFR‐activating mutations in exon 19 and exon 21 as the 
main predictor of clinical outcomes with TKI therapy for NSCLC; this 
has led to a paradigm shift on the use of TKI as a standard first‐line 
treatment for NSCLC patients with EGFR‐activating mutations.4‐8

Following molecular‐targeted therapy, immunotherapy led a sec‐
ond paradigm shift for the treatment of NSCLC. Compared with con‐
ventional chemotherapy, immune checkpoint inhibitors that target 
PD‐1 or its ligand PD‐L1 have shown promising antitumor efficacy 
in patients with advanced NSCLC; in fact, nivolumab, pembroli‐
zumab, and atezolizumab have been approved for the treatment of 
advanced NSCLC.9‐12 Recently, the first‐line treatment of patients 
with advanced NSCLC has been further developed; pembrolizumab 
monotherapy for a PD‐L1 TPS of 1% or higher and combination ther‐
apies with platinum doublet and pembrolizumab or atezolizumab, 
regardless of PD‐L1 expression, have become standard first‐line 
treatment options.13‐17

However, patients with EGFR mutations from the KEYNOTE‐024, 
KEYNOTE‐042, and KEYNOTE‐189 trials and TKI‐naive EGFR‐mu‐
tant patients from the IMpower150 trial were excluded.13‐15,17 In 
fact, the preferential use of EGFR‐TKIs or immunotherapy as first‐
line treatment for patients with EGFR‐activating mutations had not 
been strictly clear, because there had been no clinical trials that di‐
rectly compared these therapies. Therefore, the correlation of EGFR 
mutation positivity and PD‐L1 expression and its impact on anti‐
PD‐1/PD‐L1 therapies had been intensively investigated.

A retrospective study that investigated the frequencies of each 
PD‐L1 expression level in NSCLC harboring driver oncogenes re‐
vealed the existence of a subset of EGFR‐mutated NSCLC patients 
with high PD‐L1 expression,18 suggesting that the relationship be‐
tween EGFR mutation positivity and PD‐L1 expression might not 
be mutually exclusive. However, subgroup analyses of the clinical 
trials and a meta‐analysis suggested that immune checkpoint inhib‐
itors were less effective in patients with EGFR‐mutant NSCLC than 
in those with EGFR WT NSCLC.10,11,19 Another retrospective study 
found that NSCLC harboring EGFR mutations was associated with 
low overall response rate to PD‐1/PD‐L1 inhibitors and that low ex‐
pression of both PD‐L1 and CD8+ TILs within the TME might underlie 
this unfavorable clinical response.20 In other words, the prediction of 

PD‐1/PD‐L1 inhibitor efficacy for NSCLC patients harboring EGFR 
mutations might need the assessment of both PD‐L1 expression in 
tumor cells and the TME, including CD8+ TILs.

Moreover, the relationship between the efficacy of EGFR‐TKI it‐
self and the TME remains elusive. If the subset of TME type that is 
expected to benefit from immunotherapy is correlated with a certain 
subset that would poorly benefit from EGFR‐TKI treatment, there 
might be room for further investigation on the preferential of use of 
immunotherapy, even for EGFR‐mutant NSCLC patients. Therefore, 
we hypothesized that the efficacy of EGFR‐TKIs differed according 
to the TME, based on the tumor expression of PD‐L1 and CD8+ TIL. 
In this study, we aimed to investigate the association between TME 
and EGFR‐TKI efficacy, as well as the impact of such association.

2  | MATERIAL S AND METHODS

2.1 | Patients

We had previously reported the association between PFS after 
first‐line conventional EGFR‐TKIs and the abundance of preT790M 
in EGFR‐TKI‐naive EGFR‐mutated NSCLC specimens that were as‐
sessed by droplet digital PCR.21 In the present retrospective study, 
the cohort used in that previous study was analyzed. The eligible 
patients who were screened comprised those with newly histologi‐
cally proven locally advanced or metastatic lung adenocarcinoma, 
those with documented EGFR‐activating mutation (exon 19 deletion 
or L858R mutation), and those treated with first‐line EGFR‐TKIs at 
the Osaka City University Hospital (Osaka, Japan) between August 
2013 and December 2017. This study was approved by the institu‐
tional review board of Osaka City University Hospital. All patients 
provided written informed consent before tissue collection. The 
study was carried out in accordance with the Declaration of Helsinki.

2.2 | Data collection

The medical records were reviewed, and data regarding treatment 
history were extracted. The data were updated as of December 31, 
2018, and the responses were assessed according to RECIST version 
1.1.22 Progression‐free survival was measured from treatment initia‐
tion to clinical or radiographic progression or death from any cause. 
In this study, switching of EGFR‐TKI due to adverse events was con‐
sidered as continuation of EGFR‐TKI treatment. In such cases, PFS 
was defined from the initiation of the first‐line EGFR‐TKI treatment 
to disease progression or death from any cause during the subse‐
quent EGFR‐TKI treatment following the switch. Patients without 
documented clinical or radiographic disease progression and those 
who were still alive on the date of the last follow‐up were censored.

K E Y W O R D S
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2.3 | Immunohistochemistry

Consecutive 5‐μm‐thick sections from the formalin‐fixed paraffin‐
embedded tumor specimens were analyzed by IHC staining at N 
Lab (Nagasaki, Japan). The histological samples that contained 100 
or more tumor cells were included as the subjects of analysis. The 
samples were assessed or scored independently by 2 pathologists; 
in cases of disagreement, the slides were re‐examined and the 2 pa‐
thologists reached a consensus.

Immunohistochemistry for PD‐L1 was carried out using the PD‐
L1 IHC 28‐8 pharmDx assay (Agilent Technologies), with Autostainer 
Link 48 (Agilent Technologies), in accordance with the manufactur‐
er's instructions. Positivity for PD‐L1 was defined as membranous 
staining of tumor cells at any intensity. The PD‐L1 TPS was calcu‐
lated as the percentage of the area with at least 100 viable tumor 
cells with PD‐L1 positivity. We classified patients as having test re‐
sults that were strongly positive (TPS 50% or higher), weakly posi‐
tive (TPS 1%‐49%), or negative (TPS less than 1%) (Figure S1).

The expression of PD‐L2 was analyzed by IHC staining using rab‐
bit mAb (dilution 1:100, clone D7U8C; Cell Signaling Technology). 
For PD‐L2, the semiquantitative H‐score was calculated by multiply‐
ing the membranous and/or cytoplasmic intensity score (0, absent; 
1, weak; 2, moderate; or 3, strong) with the percentage of stained 
cells. Specimens with an H‐score of 5 or higher were defined as 
PD‐L2‐positive, based on a previous study (Figure S2).23

The presence of CD8+ TILs in the NSCLC specimens was assessed 
with IHC staining, using mouse mAb (dilution 1:400, clone C8/144B; 
Agilent Technologies) on tumor cells and in tumor stroma where in‐
vasion of tumor cells was observed. For larger samples, the TILs ex‐
pressing CD8 were counted in 4 random 1‐mm diameter samples on 
the whole tumor specimen, including the center and invasive margin 
of the tumor, in order to calculate the density of TILs.24 For smaller 
samples, density was evaluated using the count of CD8+ TILs in all 

tumor areas. The CD8+ TILs were semiquantitatively evaluated on a 
scale of 0 to 3, based on the extent of positive lymphocytes infiltrat‐
ing within the tumor cells. Each score was defined on the basis of the 
fraction of tumor cells that contained CD8+ TILs on top: score 0, none 
or rare; score 1, less than 5%; score 2, 5% or more and less than 25%; 
and score 3, 25% or more, based on a previous study (Figure S3).20

We defined PD‐L1 expression with TPS 50% or more as PD‐L1 
high and that with TPS less than 50% as low. A CD8+ TIL score of 2‐3 
was defined as CD8+ TIL high and a CD8+ TIL score of 0‐1 as CD8+ 
TIL low. Consequently, based on PD‐L1 expression and CD8+ TILs, 
the TME was categorized into 4 subtypes: PD‐L1 high/CD8+ TIL high 
(type 1), PD‐L1 low/CD8+ TIL low (type 2), PD‐L1 high/CD8+ TIL low 
(type 3), and PD‐L1 low/CD8+ TIL high (type 4) (Figure 1).

2.4 | Statistical analysis

Fisher's exact test was carried out for comparison of categorical 
data. The Kaplan‐Meier method was used to estimate the survival 
curves for PFS. Log‐rank tests were used to compare the survival 
curves among the TME subtypes. All P values were based on a 2‐
sided hypothesis, and a P value less than .05 was considered to indi‐
cate statistical significance.

3  | RESULTS

3.1 | Patient characteristics

A total of 70 patients were eligible for this study. In our previous 
study, only 66 patients we assessed for preT790M status, because 
genome DNA extraction from the pretreatment samples was not 
successful in 4 patients. For the current study, among these 66 pa‐
tients, we excluded 9 patients who had samples that had fewer than 
100 viable tumor cells and 5 patients in whom the CD8+ TILs could 

F I G U R E  1   Representative images of the 4 tumor microenvironment subtypes of programmed cell death‐1 ligand‐1 (PD‐L1) and CD8+ 
immunostaining in non‐small cell lung cancer tissue. Scale bar = 100 μm. TIL, tumor‐infiltrating lymphocyte
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not be assessed in the cell block. Therefore, 52 patients were finally 
analyzed in this study (Figure S4).

Among the 52 patients, the PD‐L1 TPS was 50% or more in 16 
(30.8%) patients, 1%‐49% in 18 (34.6%) patients, and less than 1% 

in 18 (34.6%) patients. The proportions of each TME subtype were 
13.5% (n = 7, type 1), 42.3% (n = 22, type 2), 17.3% (n = 9, type 3), and 
26.9% (n = 14, type 4). The baseline patient characteristics according 
to the TME subtypes are shown in Table 1. Among the TME subtypes, 

Characteristics

Number of patients, n (%)

P value

Type 1 
(n = 7, 
13.5%)

Type 2 
(n = 22, 
42.3%)

Type 3 
(n = 9, 
17.3%)

Type 4 
(n = 14, 
26.9%)

Age, years; me‐
dian (range)

67 (38‐88) 71 (50‐82) 71 (48‐77) 74.5 (65‐81) .1500

<70 4 (57.1) 10 (45.5) 4 (44.4) 2 (14.3)

≥70 3 (42.9) 12 (54.5) 5 (55.6) 12 (85.7)

Sex

Male 2 (28.6) 7 (31.8) 4 (44.4) 4 (28.6) .9000

Female 5 (71.4) 15 (68.2) 5 (55.6) 10 (71.4)

Smoking

Smoker 1 (14.3) 8 (36.4) 3 (33.3) 3 (21.4) .6700

Never smoker 6 (85.7) 14 (63.6) 6 (66.7) 11 (78.6)

Stage

III 1 (14.3) 3 (13.6) 0 (0.0) 1 (7.1) .7700

IV 6 (85.7) 19 (86.4) 9 (100.0) 13 (92.9)

ECOG PS

0‐1 4 (57.1) 19 (86.4) 8 (88.9) 13 (92.9) .2300

≥2 3 (42.9) 3 (13.6) 1 (11.1) 1 (7.1)

EGFR mutation status

Exon19 deletion 1 (14.3) 12 (54.5) 6 (66.7) 5 (35.7) .1400

Exon21 L858R 6 (85.7) 10 (45.5) 3 (33.3) 9 (64.3)

PreT790M

Positive 4 (57.1) 8 (36.4) 7 (77.8) 3 (21.4) .0430

Negative 3 (42.9) 14 (63.6) 2 (22.2) 11 (78.6)

First‐line EGFR‐TKI

Gefitinib 4 (57.1) 8 (36.4) 3 (33.3) 5 (35.7) .5800

Erlotinib 2 (28.6) 3 (13.6) 3 (33.3) 4 (28.6)

Afatinib 1 (14.3) 1 (4.5) 0 (0.0) 0 (0.0)

Gefitinib/
erlotiniba

0 (0.0) 9 (40.9) 3 (33.3) 4 (28.6)

Afatinib/
gefitiniba

0 (0.0) 1 (4.5) 0 (0.0) 0 (0.0)

Erlotinib/
afatiniba

0 (0.0) 0 (0.0) 0 (0.0) 1 (7.1)

PD‐L2 expression

Positive 4 (57.1) 1 (4.5) 1 (11.1) 1 (7.1) .0090

Negative 3 (42.9) 21 (95.5) 8 (88.9) 13 (92.9)

aIn this study, switch of epidermal growth factor receptor‐ tyrosine kinase inhibitor (EGFR‐TKI) due 
to an adverse event was considered as continuation of EGFR‐TKI therapy. 
PD‐L2, programmed cell death‐1 ligand‐2; PreT790M, pretreatment T790M; PS, performance 
status; TME, tumor microenvironment; Type 1, PD‐L1 high/CD8+ tumor‐infiltrating lymphocyte 
(TIL) high; Type 2, PD‐L1 low/CD8+ TIL low; Type 3, PD‐L1 high/CD8+ TIL low; Type 4, PD‐L1 low/
CD8+ TIL high.

TA B L E  1   Baseline characteristics of 
patients with non‐small cell lung cancer 
according to tumor microenvironment 
subtypes (N = 52)
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there were no significant differences in age, gender, smoking status, 
stage, performance status, or EGFR status, but there was variability 
in the preT790M detection rate. In the current study cohort, only 
7 (13.5%) patients had positive PD‐L2 expression. According to the 
TME subtype, positivity of PD‐L2 expression was significantly the 
highest for type 1 (57.1%) than for types 2, 3, or 4 (4.5%, 11.1%, and 
7.1%, respectively, P = .0090).

3.2 | Efficacy of EGFR‐TKIs based on TME subtypes

In the current study cohort, the overall RR and disease control rate 
(DCR) after first‐line EGFR‐TKIs were 69.2% and 88.5%, respec‐
tively. According to the PD‐L1 expression, both RR and DCR were 
significantly worse with PD‐L1 high expression than with low PD‐L1 
expression (RR, 43.8% vs 80.6%, P = .020; DCR, 62.5% vs 100.0%, 
P = .00039). According to the TME subtype, both RR and DCR were 
significantly the worst in type 1 than in types 2, 3, or 4 (RR, 14.3% 
vs 81.8% vs 66.7% vs 78.6%, respectively, P = .0085; DCR, 42.9% vs 
100.0% vs 77.8% vs 100.0%, respectively, P = .00016) (Figure 2A). 
The details of the RRs are shown in Figure 2B.

The PFS after first‐line EGFR‐TKIs was significantly shorter in pa‐
tients with high PD‐L1 expression than in those with low PD‐L1 ex‐
pression (median, 5.9 vs 13.2 months, P = .0059) (Figure 3A). According 
to the TME subtype, the PFS was the shortest in type 1 and the lon‐
gest in type 4 (median: 2.4 vs 11.3 vs 8.4 vs 17.5 months, respectively, 
P = .00000077) (Figure 3B). In a PD‐L1 high setting, PFS was signifi‐
cantly shorter in patients with high CD8+ TIL (type 1) than in those 
with low CD8+ TIL (type 3) (P = .014). In a PD‐L1 low setting, PFS was 

significantly longer in patients with high CD8+ TIL (type 4) than in 
those with low CD8+ TIL (type 2) (P = .037) (Figure S5). In a CD8+ TIL 
high setting, PFS was significantly shorter in patients with high PD‐L1 
(type 1) than in those with low PD‐L1 (type 4) (P = .00000056). In a 
CD8+ TIL low setting, there was no significant difference in the PFS 
between PD‐L1 high (type 3) and PD‐L1 low (type 2) patients (P = .77) 
(Figure S6). The details of the clinical course until disease progression 
are shown in Figure 3C.

3.3 | Changes in TME after acquired resistance to 
EGFR‐TKIs

Of the current study cohort, 26 patients underwent rebiopsy to con‐
firm the emergence of T790M after acquired resistance to EGFR‐
TKIs. However, only 7 of these patients had available paired biopsy 
samples for the evaluation of PD‐L1/L2 TPS and CD8+ TILs. The 
clinical characteristics of these 7 patients and the changes in TME 
before and after developing acquired resistance to initial EGFR‐TKI 
therapy are summarized in Table 2. The results indicated that EGFR‐
TKI treatment altered not only PD‐L1 expression status but also the 
CD8+ TILs and PD‐L2 expression status; accordingly, the TME phe‐
notype shifted, although the regulatory mechanisms are unknown.

3.3.1 | Representative case

A 75‐year‐old male never‐smoker patient with stage IV lung ad‐
enocarcinoma harboring EGFR L858R mutation was given erlo‐
tinib as first‐line treatment, which confirmed partial response after 

F I G U R E  2   Association between 
response to epidermal growth 
factor receptor‐tyrosine kinase 
inhibitors (EGFR‐TKIs) and the tumor 
microenvironment (TME) in non‐small 
cell lung cancer. A, Comparison of the 
response and disease control rates for 
first‐line EGFR‐TKIs, according to the 
TME subtypes. B, Waterfall plot of the 
best percentage change from baseline in 
the cumulative longest tumor diameters. 
†In the type 3 group, 1 patient had a 
nonmeasurable lesion (malignant pleural 
effusion) at the initiation of first‐line 
EGFR‐TKI; apparent reduction of 
malignant pleural effusion was confirmed 
after the initiation of therapy. ‡ In 
the type 1 group, the tumor was not 
measurable in 1 patient who had disease 
progression without response. §A case 
with programmed cell death‐1 ligand‐2 
(PD‐L2) expression. PD, progressive 
disease; PR, partial response; SD, stable 
disease 
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1.6 months. At baseline, IHC revealed a high proportion of CD8+ TILs 
(2+), without PD‐L1 or PD‐L2 expression. After disease progression, 
rebiopsy revealed EGFR T790M mutation, and the TME changed to 
type 1 (PD‐L1 TPS of 100% and CD8+ TIL of score 3), with positive 
PD‐L2 expression (80%). Osimertinib was started as a second‐line 
treatment, but, to our surprise, the response was not confirmed until 
1.1 months after commencing treatment: however, the long‐term ef‐
fect was not clear because osimertinib was discontinued due to an 
adverse event (Figures 4, S7, and S8).

4  | DISCUSSION

The present study indicated the existence of several subtypes of 
EGFR‐mutated NSCLC, according to the TME, based on tumor ex‐
pression of PD‐L1 and CD8+ TILs. Our results suggested that differ‐
ences in the TME could potentially impact treatment, and even the 
efficacy of EGFR‐TKIs.

A previous report proposed the stratification of the TME into 
4 different types, based on the presence or absence of TIL and 

F I G U R E  3   Impact of programmed cell death‐1 ligand‐1 (PD‐L1) expression status and the tumor microenvironment on progression‐
free survival (PFS) in patients with non‐small cell lung cancer after first‐line epidermal growth factor receptor‐ tyrosine kinase inhibitors 
(EGFR‐TKIs). A, Kaplan‐Meier curves for PFS in EGFR‐mutated NSCLC patients treated with first‐line EGFR‐TKIs, according to PD‐L1 
expression. B, Comparison of the Kaplan‐Meier curves for PFS after first‐line EGFR‐TKIs, according to the tumor microenvironment subtype 
(Type 1‐4). Plus signs denote censoring. C, Swimmer plot shows duration of first‐line EGFR‐TKIs treatment for patients on this study. CI, 
confidence interval; TIL, tumor‐infiltrating lymphocyte
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PD‐L1 expression, in order to predict the patients who will re‐
spond to anti‐PD‐1/PD‐L1 therapies. These include: type I, adap‐
tive immune resistance (PD‐L1+/CD8+); type II, immune ignorance 
(PD‐L1−/CD8−); type III, intrinsic induction (PD‐L1+/CD8−); and 
type IV, immune tolerance (PD‐L1−/CD8+).25 Type I tumors are sup‐
posed to have adaptive PD‐L1 expression that is induced by preex‐
isting intratumor T cells; therefore, these tumors are most likely to 
benefit from anti‐PD‐1/PD‐L1 blockade. A retrospective study by 
Gainor et al found that only 2.1% of patients had EGFR‐TKI‐naive 
tumors with concurrent PD‐L1 expression of 50% or more and high 
CD8+ TILs. They discussed that NSCLC harboring EGFR mutations 
was associated with low overall RR to PD‐1/PD‐L1 inhibitors and 
that low expression of both PD‐L1 and CD8+ TILs within the TME 
might underlie this unfavorable clinical response.20 Several studies 
have investigated the proportions of the 4 TME subtypes in NSCLC 
in larger cohorts. Velcheti et al analyzed the expression of PD‐L1 
using 5H1 Ab and reported that the proportions of each subtype in 
2 independent NSCLC cohorts (n = 302 and 155, respectively) were 
12.9%‐23.9% for PD‐L1 high/TIL high, 41.3%‐47.4% for PD‐L1 low/
TIL low, 11.9%‐12.3% for PD‐L1 high/TIL low, and 22.6%‐27.8% for 
PD‐L1 low/TIL high.26 Liu et al used the SP142 Ab to analyze PD‐L1 
expression in a cohort of EGFR‐mutated or ALK‐rearranged NSCLC 
cases (n = 342) and reported that the proportions of each subtype 
were 5.0% for PD‐L1+/CD8+, 63.5% for PD‐L1−/CD8−, 11.1% for PD‐
L1+/CD8−, and 20.5% for PD‐L1−/CD8+; whereas those in the EGFR 
and ALK WT NSCLC cohort (n = 339) were 14.2%, 50.3%, 7.0%, and 
28.5%, respectively.27 In general, among the NSCLC tumors, type 

II seemed to be present in a majority and type I had been relatively 
present in a minority, although this tendency had the potential to be‐
come stronger in an EGFR‐mutant population.27 Our results showed 
a similar trend with those in previous studies, further revealing the 
prevalence of each TME subtype in EGFR‐mutated NSCLC.

Expression of another PD‐1 ligand, PD‐L2, in tumor cells is less 
prevalent than PD‐L1; however, PD‐L2 expression had been re‐
ported in a subset of some tumors, including NSCLC,28,29 and has 
been cited as an independent predictor of poor overall survival in 
lung adenocarcinoma.30 Moreover, several studies reported sub‐
sets of PD‐L1+ patients who responded poorly to anti‐PD‐1 axis 
therapies, whereas some PD‐L1− patients have shown favorable re‐
sponses;31,32 these results suggested residual molecular interactions 
between PD‐1 and PD‐L2, and blockade of this pathway could be im‐
portant to achieve treatment response.29 Although the expression 
of PD‐L2 in EGFR‐mutated NSCLC has been less studied, positive 
PD‐L2 expression has been reported in 13%‐20% of NSCLC, regard‐
less of EGFR status.23,29 In this study, a positive PD‐L2 expression 
was not associated with any clinicopathological characteristics, but 
it was significantly high in type 1, among the TME subtypes. Recent 
basic research showed that the expression of PD‐L2, as well as PD‐
L1, in EGFR‐mutated or ALK‐rearranged NSCLC could be induced ex‐
trinsically by interferon‐γ and intrinsically by oncogenic signaling.33 
The tendency of EGFR‐mutated NSCLC with high PD‐L1 expression 
to coexpress PD‐L2 through extrinsic or intrinsic mechanisms re‐
mains elusive in the context of basic research. However, the obser‐
vation of highest PD‐L2 coexpression in type 1 tumors compared to 

F I G U R E  4   Representative case of non‐small cell lung cancer with altered tumor microenvironment and response to epidermal growth 
factor receptor‐tyrosine kinase inhibitor EGFR‐TKI) before and after developing acquired resistance to the initial EGFR‐TKI therapy. AF, 
allele frequency; ddPCR, droplet digital PCR; PD, progressive disease; PD‐L1/2, programmed cell death‐1 ligand‐1/2; TIL, tumor‐infiltrating 
lymphocyte; TPS, tumor proportion score
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other TME types could be reasonable evidence that type 1 tumors 
might benefit better from anti‐PD‐1 therapies than from anti‐PD‐
L1 therapies in the clinical context.29,34 Further clinical evaluation is 
warranted to support this hypothesis.

Expression of PD‐L1 has been shown to be related with clini‐
cal response to anti‐PD‐1 axis therapies in NSCLC.10,11,32 However, 
several recent reports showed that a relatively high PD‐L1 expres‐
sion in EGFR‐mutated NSCLC was associated with worse response 
and PFS, even to EGFR‐TKI.18,35 A retrospective study by Takashima 
et al36 reported that lower density of TILs and negative PD‐L1 ex‐
pression correlated significantly with primary resistance to EGFR‐
TKIs. However, in their study, not all the tumor samples analyzed 
by IHC staining were obtained in the advanced stage and the cases 
that used EGFR‐TKIs as second‐line or higher therapy were also in‐
cluded; therefore, their result might not have reflected the actual 
TME during the initial administration of EGFR‐TKIs. However, Su 
et al35 reported a high proportion of PD‐L1+/CD8+ cases among pa‐
tients with de novo resistance to first‐line EGFR‐TKIs for advanced 
NSCLC; their results were similar to ours. These results, including 
our representative case, suggested that tumors with high expression 
of both PD‐L1 and CD8+ TIL, despite harboring EGFR mutations, are 
likely to benefit less from EGFR‐TKI therapies.

To our knowledge, our study was the first to examine whether 
PFS after first‐line EGFR‐TKIs in patients with advanced EGFR‐mu‐
tated NSCLC differed according to the PD‐L1 expression or TME 
subtype. Progression‐free survival was significantly shorter in pa‐
tients with high PD‐L1 expression than in those with low PD‐L1 
expression. High PD‐L1 expression had been reported by several re‐
cent studies to correlate with shorter PFS after EGFR‐TKI treatment 
in EGFR‐mutated NSCLC.18,35 The results of our study were similar 
to those of the previous reports, in terms of this point. Moreover, 
the significantly shorter PFS in type 1 than in type 3 reflected the 
poor response in type 1. Progression‐free survival was significantly 
longer in type 4 than in type 2, although there was no difference 
in the response between these groups; PFS was not significantly 
different between types 2 and 3. These findings suggested the ex‐
istence of subsets, among which the response or PFS of EGFR‐TKI 
differs, despite similar PD‐L1 expression status. In contrast, there 
might be subsets that do not differ much in their response to EGFR‐
TKIs despite different PD‐L1 expression status; in these cases, the 
difference in EGFR‐TKI efficacy is likely to be associated with the 
difference in the TME, not in PD‐L1 expression. Both types 2 and 
3 have been called “cold tumors,” which are characterized by a lack 
of T cell infiltration.25 This might explain the similar EGFR‐TKI ef‐
ficacy between these groups. Moreover, in general, high CD8+ TIL 
has been associated with favorable clinical outcomes in NSCLC, in‐
cluding EGFR‐mutant cases.24,37,38 Therefore, the existence of CD8+ 
TILs might have some favorable impact on the longer duration of 
response to EGFR‐TKI therapy in type 4 than in type 2.

A phase II trial with small sample size evaluated the response 
to pembrolizumab of TKI‐naive patients with EGFR‐mutated ad‐
vanced NSCLC and PD‐L1+ tumors did not have promising re‐
sults.39 However, in previous clinical trials, the efficacy of immune 

checkpoint inhibitors had not been evaluated using the TME as a 
predictor. As previously mentioned, type 1 TME is a phenotype that 
had been considered to most likely benefit from anti‐PD‐1/PD‐L1 
blockade. Actually, the response to anti‐PD‐1 inhibitors has been 
reported for several cases of EGFR‐mutated advanced NSCLC with 
both high PD‐L1 and CD8+ TILs.27,35 Therefore, immunotherapy as 
a treatment option for such a selected subset, even EGFR‐mutant 
NSCLC patients, could leave room for further investigation in the 
context of personalized medicine.

There were several limitations in the present study. First, the 
retrospective and single‐center study design and the small num‐
ber of patients make it difficult to draw definitive conclusions. 
Further investigation in a larger cohort is desirable. Second, there 
might have been biases in the clinical data, because a multivariate 
analysis could not be undertaken on a small number of patients. 
Third, the definition of PD‐L1 high expression was different from 
those in previous studies according to the Ab used for IHC or the 
cut‐off value; therefore, this difference in the evaluation method 
of PD‐L1 expression could have affected the results of different 
EGFR‐TKI efficacy according to the TME subtype. Fourth, the cur‐
rent study did not assess tumor mutation burden and its relation‐
ship with the TME. Fifth, the reason for the highest number of 
poor responders to EGFR‐TKI in type 1 cases was not investigated. 
Hepatocyte growth factor overexpression, mesenchymal‐epithe‐
lial transition factor (MET) gene or human epidermal growth factor 
receptor 2 (HER2) gene amplification, and others were reported 
as the mechanisms of primary resistance to EGFR‐TKI40‐43; these 
were not elucidated in this study. According to the study by Su 
et al,35 any specific relationship between the TME of cases that 
showed de novo resistance to EGFR‐TKIs and genetic profiles, 
such as EGFR T790M, MET amplification, ALK rearrangement, BIM 
deletion, and mutations of KRAS, PTEN, PIK3CA, HER2, were not 
observed. Further investigation is needed to reveal the association 
between a TME of high PD‐L1 and high CD8+ TILs itself and the 
undiscovered resistance mechanisms to EGFR‐TKI. Finally, in this 
study cohort, there were no type 1 TME cases treated with immu‐
notherapy; further accumulation of cases is needed to explore and 
develop better treatment strategies for this phenotype.

In conclusion, differences in the TME based on PD‐L1 tumor ex‐
pression and CD8+ TILs have potential impacts on the efficacy of 
EGFR‐TKI. A PD‐L1 high/CD8+ TIL high phenotype might be the sub‐
set that would poorly benefit from EGFR‐TKI treatment.
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