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Background: Many clinical studies have shown that patients with non-small cell lung
carcinoma (NSCLC) can benefit from immune checkpoint inhibitor (ICI) therapy; however,
PD-L1 and tumor mutation burden (TMB), which are recommended by the NCCN
guidelines, are still insufficient in predicting the response to and prognosis of
immunotherapy. Given the widespread use of ICls, it is important to find biomarkers
that can predict immunotherapy outcomes in NSCLC patients, and the exploration of
additional effective biomarkers for ICI therapy is urgently needed.

Methods: A total of 33 stage II-IV NSCLC patients were included in this study. We
analyzed immune markers in biopsy and surgical tissue resected from these patients
before treatment with ICls. We examined the infiltration of immune cells and expression of
PD-L1 in immune cells using fluorescent multiplex immunohistochemistry (mIHC) stained
with CD8/CD68/CD163/PD-L1 antibodies.

Results: In this cohort, we observed that the levels of CD8+ T cells, CD8+PD-L1+ T cells,
and CD68+CD163+ M2 macrophages in the total region were independent prognostic
factors for progression-free survival (PFS) in NSCLC patients treated with ICls (HR=0.04,
P=0.013; HR=17.70, P=0.026; and HR=17.88, P=0.011, respectively). High infiltration of
CD8+ T cells and low infiltration of CD8+PD-L1+ T cells throughout the region were
correlated with prolonged PFS (P=0.016 and P=0.02, respectively). No statistically
significant difference was observed for CD68+CD163+ M2 macrophages. The joint
parameters CD8+ high/CD8+PD-L1+ low, CD8+ high/CD68+CD163+ low and
CD8+PD-L1+ low/CD68+CD163+ low predicted better PFS than other joint
parameters (P<0.01, P<0.01, and P<0.001, respectively), and they also demonstrated
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stronger stratification than single biomarkers. The response rate of patients with high
infiltration of CD8+ T cells was significantly higher than that of those with low infiltration
(P<0.01), and the joint parameters CD8+/CD8+PD-L1+ and CD8+/CD68+CD163+ also
demonstrated stronger stratification than single biomarkers.

Conclusions: This retrospective study identified the predictive value of CD8+PD-L1+ T
cells, CD8+ T cells, and CD68+CD163+ M2 macrophages in NSCLC patients who
received ICls. Interestingly, our results indicate that the evaluation of joint parameters has
certain significance in guiding ICI treatment in NSCLC patients.

Keywords: immune checkpoint inhibitor therapy, non-small cell lung carcinoma, T cells, macrophages, biomarker

INTRODUCTION

Clinical trials and studies have reported that PD-1/PD-L1
inhibitors can significantly improve the outcomes of advanced
non-small cell lung cancer (NSCLC) patients in recent decades
(1-6), and PD-1/PD-L1 inhibitors are recommended as the
standard first-line therapy for advanced or metastatic NSCLC by
the National Comprehensive Cancer Network (NCCN) guidelines
(7). However, only approximately 20% of NSCLC patients have
prolonged and durable responses to PD-1/PD-L1 inhibitors (2, 8).
Therefore, it is important to identify biomarkers that can predict
the immunotherapy outcomes of NSCLC patients.

Previous studies have explored the use of PD-LI, tumor
mutational burden (TMB) and tumor-associated immune cells
(TAICs) to predict the clinical outcome of immunotherapy (3, 9-
13), and based on those studies, PD-L1 and TMB have been
included in the NCCN guidelines. However, the current work
shows that these factors still have limitations in predicting the
clinical outcome of immunotherapy. The NCCN guidelines
recommend PD-1/PD-L1 inhibitors as the first-line treatment
for advanced NSCLC patients with a PD-L1+ cell rate > 1%;
nonetheless, some studies have shown that PD-L1 has limitations
in predicting the efficacy of immunotherapy. CheckMate227
found that NSCLC patients who received nivolumab plus
ipilimumab therapy as first-line therapy had better overall
survival (OS) than those who received chemotherapy, and this
outcome was independent of PD-L1 expression (10). In addition,
the CheckMate 026 results showed that no difference in
treatment efficacy was found between the nivolumab and
chemotherapy groups in the population with a PD-L1+ cell
rate 250% (11). The predictive value of TMB was demonstrated
in KEYNOTE-01. However, no such predictive value for TMB
was found in an exploratory analysis of KEYNOTE-189 and
KEYNOTE-407 (14, 15). Therefore, PD-L1 and TMB are still
insufficient in predicting the response to and prognosis of
immunotherapy, and further study is needed to explore more
effective biomarkers for immunotherapy.

It has been reported that the type of immune cells can
influence the clinical outcomes of patients with tumors (16,
17). In addition to TMB and PD-L1, multiple immune cell
subsets have been assessed to determine their predictive value
for immunotherapy outcomes in NSCLC (12, 13, 18). It was
reported that the infiltration of CD8+ T cells was associated with

ICI efficacy (12, 19-21). Tumor-associated macrophages (TAMs)
are important immune cells in the tumor microenvironment
(TME), as they mediate tumor progression by regulating TME
(22). The M1 and M2 states are two main phenotypes of
macrophages, and different types of macrophages predict
opposite survival outcomes (23). However, which types of
macrophages are associated with the efficacy of immunotherapy
in NSCLC remains uncertain. PD-L1 expressed on tumor cells and
macrophages is a negative regulator of T cell responses (24). Liu
et al. (25) found that high levels of CD68+PD-L1+ immune cells
were associated with prolonged OS in NSCLC patients treated with
ICIs. However, few studies have reported the relationship between
the expression of PD-L1 on T cells and ICI efficacy. It has been
reported previously that PD-L1™¢" CD8+ T cells are functional
effector cells (26). However, a recent pancreatic cancer study found
that PD-L1+ T cells may have negative effects on adaptive antitumor
immunity. Since CD8+ T cells play an important role in the immune
system in killing cancer cells, studying PD-L1 expression on T cells
may help us to understand the prediction of ICI efficacy in NSCLC.
However, few articles have paid attention to the effects of the
expression of PD-L1 on T cells and macrophage subsets on the
efficacy and prognosis of immunotherapy in NSCLC, which require
further investigation.

The aim of this retrospective study was to explore the
predictive value of multiple immune cell subsets, including
CD8+ T cells, CD68+ macrophages, CD68+CD163+ M2
macrophages, CD68+CD163- M1 macrophages, CD8+PD-L1+
T cells, CD68+PD-L1+ macrophages, CD68+CD163+PD-L1+
M2 macrophages, and CD68+CD163-PD-L1+ M1 macrophages,
in tumors, the stroma and the total region in the context of
NSCLC treatment with immunotherapy by using multiplex
immunohistochemical staining (27).

METHODS AND MATERIALS

Patients

We used a retrospective cohort of stage II-IV NSCLC patients
from Guangdong Provincial Hospital of Chinese Medicine and
Guangzhou Panyu Central Hospital that consisted of 33 patients
from May 2016 to April 2019. The detailed clinicopathological
characteristics are summarized in Table 1. Among the 33
NSCLC patients, 24 patients (72.7%) had lung adenocarcinoma

Frontiers in Oncology | www.frontiersin.org

June 2021 | Volume 11 | Article 658690


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Lietal

TILs Predict ICI Therapeutic Effect

TABLE 1 | Clinical characteristics.

Category n(%)
Overall Response Non-response
(n=33) (n=11) (n=22)

Gender Male 26(78.8%) 9(81.8%) 17(77.3%)

Female 7(21.2%) 2(18.2%) 5(22.7%)
Age >=62 16(48.5%) 7(63.6%) 9(40.9%)

<62 17(51.5%) 4(36.4%) 13(59.1%)
Cancer LUAD 24(72.7%) 7(63.6%) 17(77.3%)
type

LUSC 9(27.3%) 4(36.4%) 5(22.7%)
Stage Il 1(3.0%) 0(0%) 1(4.5%)

Ml 11(33.3%) 6(54.5%) 5(22.7%)

Y 20(60.6%)  4(36.4%) 16(72.7%)

NA 1(3.0%) 19.1%) 0(0%)
Smoking Yes 22(66.7%) 8(72.7%) 14(63.6%)
history

No 11(33.3%) 3(27.3%) 8(36.4%)
Treatment  PD-1 inhibitor 26(78.8%) 8(72.7%) 18(81.8%)

PD-L1 inhibitor 3(9.1%) 19.1%) 2(9.1%)

PD-1 inhibitor + 3(9.1%) 2(18.2%) 1(4.5%)

chemotherapy

PD-1+CTLA-4 1(3.0%) 0(0%) 1(4.5%)

inhibitor
Treatment  First-line 7(21.2%) 3(27.3%) 4(18.2%)
time

Second-line 16(48.5%) 4(36.4%) 12(54.5%)

>Third-line 10(30.3%) 4(36.4%) 6(27.3%)

(LUAD) and 9 patients (27.3%) had lung squamous cell
carcinoma (LUSC). Among the NSCLC patients, 26 (78.8%)
were treated with a PD-1 inhibitor, 3 (9.1%) were treated with a
PD-L1 inhibitor, 3 (9.1%) were treated with a PD-1 inhibitor
combined with chemotherapy, and 1 (3.0%) received combined
PD-1 and CTLA-4 inhibitor therapy. Twenty-two patients (66.7%)
had a smoking history. All patients were EGFR/ALK wild-type.
Seven patients (21.2%) received first-line immunotherapy, sixteen
patients (48.5%) received second-line immunotherapy, and ten
patients (30.3%) received > third-line immunotherapy.

Fluorescent Multiplex
Immunohistochemistry (mIHC) Analysis
Biopsy tissue and postoperative surgical tissue samples collected
before ICI treatment were processed into paraffin blocks and
then cut into 4-um-thick FFPE sections. Staining of the 4-pum
FFPE slides was performed by using the Opal Seven-color THC
Kit (NEL797B001KT; PerkinElmer, Massachusetts, USA). The
immune markers evaluated included CD8 (ZA-0508, clone SP16;
Zsbio; 1:100), CD68 (ZM-0060, clone KP1; Zsbio; 1:400), CD163
(ZM0428, clone 10D6, Zsbio; 1:200), and PD-L1 (CST13684,
clone E1L3N, CST, 1:100). Markers were identified and
quantified by mIHC. Briefly, sections were cut from tumor
tissue, deparaffinized, rehydrated, and washed in tap water
before epitope retrieval/microwave treatment (MWT).
Endogenous peroxidase activity was blocked using Antibody
Diluent/Block (72424205; PerkinElmer, Massachusetts, USA).
Protein blocking was performed using Antibody Diluent/Block.
One antigen required one round of labeling, including primary
antibody incubation, secondary antibody incubation, and TSA

visualization, followed by labeling with the next antibody.
Slides were scanned using PerkinElmer Vectra (Vectra 3.0.5;
PerkinElmer, Massachusetts, USA). The percentage of positively
stained cells among all nucleated cells was counted.

Statistical Analysis

Statistical analyses were performed using the R software program
(version 3.6.2, https://www.r-project.org/), SPSS (version 22) and
GraphPad Prism 8 software. The Kaplan-Meier method was used
to analyze the associations between marker expression and
progression-free survival (PFS). PFS was defined as the time
elapsed between ICI treatment initiation and tumor progression.
The statistical significance of differences between survival curves
was assessed with the log-rank test. The chi-square test was used
to analyze associations between immune marker expression and
response. PES analyses were performed by the Kaplan-Meier
estimator and log-rank test. Multivariate/univariate Cox
proportional hazard regression models and logistic regression
models were utilized to examine the variables that were
significant in the univariate analyses and their associations with
the outcome. Variables with a P value <0.1 in the univariate
analyses were entered into the multivariate analysis. P < 0.05 was
considered significant in all the analyses.

RESULTS

Infiltration of Tumor-Associated
Inflammatory Cells (TAICs) in NSCLC

We examined a retrospective cohort of 33 patients with stage II-IV
NSCLC recruited at Guangdong Provincial Hospital of Chinese
Medicine, Nanhai People’s Hospital and Guangzhou Panyu Central
Hospital between May 2016 and April 2019, for whom clinical,
treatment and extended follow-up data were retrospectively
assembled with medical ethics committee approval. Among these
patients treated with ICI therapy, we evaluated the infiltration
of CD8+ T cells, CD68+ macrophages, CD68+CD163+ M2
macrophages, CD68+CD163- M1 macrophages, CD8+PD-L1+ T
cells, CD68+PD-L1+ macrophages, CD68+CD163+PD-L1+ M2
macrophages, and CD68+CD163-PD-L1+ M1 macrophages using
mIHC, as shown in Figures 1A, B. The immune landscape of
NSCLC is shown in Figures 1C and S1. The percentages of
differentially expressed cells were log-transformed and z-score
standardized. Heatmaps of immune cell infiltration in the total
(Figure 1C), stromal (Figure S1A) and tumor regions (Figure S1B)
were plotted and clustered. In the total, stromal and tumor regions,
the degree of infiltration of CD8+ T cell, CD68+ TAMs, and PD-L1
+ cells were higher in the response [R, response to immunotherapy,
including complete response (CR) and partial response (PR)]
subgroup than in the nonresponse [NR, nonresponse to
immunotherapy, including stable disease (SD) and progressive
disease (PD)] subgroup. There were two examples in which a
patient who responded to immunotherapy (Figure 1A) had more
infiltration of immune cells than those who did not respond to
immunotherapy (Figure 1B). PES was longer in the R subgroup
than in the NR subgroup (Figure 1C). This result suggests that the
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FIGURE 1 | Immune landscape of NSCLC patients treated with immune checkpoint inhibitor (ICl) therapy. Immune cell infiltration was detected using a multiplex
immunohistochemistry (mIHC) platform (panel: CD8/CD68/CD163/PD-L1). The mIHC images represent the group that responded to immunotherapy (A) and the
group that did not respond to immunotherapy (B). Magnification, 200x. The percentages of differentially expressed cells were log-transformed and z-score
standardized. Heatmaps of immune cell infiltration in the total region (C) were plotted and clustered. They indicated that each patient had a different immune
microenvironment, which may lead to different responses to and benefits from immunotherapy. R, response; NR, nonresponse.

difference in the tumor immune microenvironment may be the
reason for the differences in the response rate and PFS of patients
who received ICI therapy, and the relationship between TAIC
infiltration and PFS needs further study.

Infiltration of T Cells and M2 Macrophages
Were Independent Prognostic Factors

First, to find an “optimal” cutoff value for each marker, the cutoff
values for CD8+ T cells, CD68+ macrophages, CD68+CD163+ M2
macrophages, CD68+CD163- M1 macrophages, CD8+PD-L1+ T
cells, CD68+PD-L1+ macrophages, CD68+CD163+PD-L1+ M2
macrophages, and CD68+CD163-PD-L1+ M1 macrophages (high
vs low) in the total, stromal and tumor regions were determined
using the survminer package in R software according to PFS, and
the cutoff points are displayed in Table 2.

Second, a forest plot of univariate survival analysis results was
produced to examine the variables that were significant in the
univariate analysis (Figure 2). As shown in Figure 2, the levels of
CD8+ T cells in the total (hazard ratio [HR]=0.29 [95% CI, 0.10-0.84],
P =0.02) and stromal regions (HR=0.22 [95% CI, 0.07-0.66], P < 0.01)
were correlated with PFS, and the levels of CD8+ PD-L1+ T cells in
the total (HR=4.25 [95% CI, 0.13-15.93], P =0.02) and stromal
regions (HR=4.25 [95% CI, 0.13-15.93], P =0.02) also revealed
significant associations with PFS. In a multivariate Cox analysis, we
included clinical parameters and screened the indicators with P < 0.1
in the forest plot of the univariate survival analysis results and a
correlation coefficient less than 0.8 (Figure S2). The multivariate Cox
analysis results showed that CD8+ T cells, CD8+PD-L1+ T cells, and
CD68+CD163+ M2 macrophages in the total region were
independent prognostic factors for PFS in NSCLC patients treated
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TABLE 2 | Cut-off points of all markers according to PFS.

with ICIs (HR=0.04 (0.0031-0.51), P=0.013; HR=17.70 (1.4066-
222.79), P=0.026; and HR=17.88 (1.9539-163.67), P=0.011,

Marker Cut-off point
respectively; Figure 3).
Total region Stroma region Tumor region
- 470 son s Prognostic Roles of TAICs and Joint
DB+ 0.48 0.56 001 TAIC-Based Parameters
PD-L1+ 26.24 17.99 36.19 Kaplan-Meier curves were generated to study whether the
CD8+PD-L1+ 4.57 4.95 3.26 infiltration of CD8+ T cells, CD8+PD-L1+ T cells or
CDEB+PD-L1+ 813 816 4.09 CD68+CD163+ M2 macrophages or joint parameters based on
OD8+CD163- 003 008 200 these cell types in the total region, which were selected by
CD68+CD163+ 6.05 3.82 8.28 >
CDB8+CD163+PD-L1+ 184 176 4.8 multivariate Cox analysis, had an impact on PFS. As shown in
CD68+CD163-PD-L1+ 1.00 1.57 1.33 Figure 4, the Kaplan-Meier curves for PES confirmed that high
A
Stage 1 z HR=2-27[95%C}, 0.73-7-06}, P=0.14
« Treatment 4 — HR=1.02 [95%CI, 0.64-1.63], P=0.94
° Age | HR=0.94 [95%Cl, 0.31-2.91], P=0.92
:é Smoking history- HR=0.74 [95%Cl, 0.25-2.20], P=0.59)
o Cancer type- HR=0.70 [95%CI, 0.19-2.57], P=0.59
Gender{__ : ! HR=0.63 [95%Cl, 0.20-2.05], P=0.44
0 1 2 4 5 6 7
B HR
CD8+PD-L1+ 4 3 HR=4.25-{95%CH4-13-15.93}-R=0.02
CD68+CD163+1 HR=8.33 [95%CI, 0.88-12.68], P=0.06
. PD-L1+ HR=1.86 [95%CI, 0.57-6.06], P=0.29
g CDB8+PD-L1+ 1 3 HR=1.86 [95%CI, 0.57-6.06], P=0.29
% CD68+CD163+PD-L 1+ 1 HR=1.86 [95%CI, 0.57-6.06], P=0.29
O CD68+CD163-PDL1+]  +—e—t— HR=0.46 [95%Cl, 0.12-1.74], P=0.24
cDegH{ et HR=0.43 [95%Cl, 0.13-1.42], P=0.16
BT T —_— HR=0.36 [95%CI, 0.11-1.19], P=0.08
coB+{ e HR=0.29 [95%CI, 0.10-0.84], P=0.02
0 1 2 3 4 5 H 7 8 H 0 11 2 13 14 15 16
c HR
CD8+PD-L1+ 4 ! HR=4.25.{95%C},-1-43-15.93}-R=0.02
PD-L1+4 : HR=2.40 [95%CI, 0.79-7.26], P=0.11
§ CD68+CD163+ 1 j HR=2.12 [95%CI, 0.73-6.18], P=0.16
g CD68+PD-L1+ 1 HR=1.86 [95%Cl, 0.57-6.06], P=0.29)
% CDBB+CD163+PD-L1+ 1 j HR=1.86 [95%CI, 0.57-6.06], P=0.29
@ CD68+ —— HR=0.43 [95%CI, 0.13-1.42], P=0.16
CD68+CD163- 1 »—o—‘ HR=0.43 [95%CI, 0.13-1.42], P=0.16
CDBB+CD163-PD-L1+4 ot HR=0.26 [95%Cl, 0.03-2.04], P=0.17
oDg+{ e | HR=0.22 [95%Cl, 0.07-0.66], P<0.01
0 1 2 3 4 5 6 7 8 9 11 12 13 14 15 16
D HR
CD68+CD163+PD-L1+ 4 HR=2.76 {95%CH 0:72-10:51}-P=0.12
CD68+PD-L1+ HR=2.49 [95%CI, 0.82-7.57], P=0.10
5 PD-L 1+ HR=1.86 [95%CI, 0.57-6.06], P=0.29
® cpesic163-PDLI+ HR=1.83 [95%CI, 0.56-5.94], P=0.31
g CD8+PD-L1+4 HR=0.62 [95%CI, 0.14-2.82], P=0.53
= CD68+ —— HR=0.55 [95%Cl, 0.18-1.71], P=0.30
CD68+CD163+4 HR=0.51 [95%CI, 0.10-2.54], P=0.41
T U S HR=0.46 [95%CI, 0.10-2.22], P=0.33
CD8+ —— HR=0.45 [95%Cl, 0.16-1.32, P=0.14
0 1 2 3 4 H 7 H H 10 11
HR
FIGURE 2 | Relationships between TAIC enrichment and progression-free survival (PFS). The forest plot of univariate survival analysis results for clinical indexes
(A) and enriched TAICs in the total (B), stromal (C) and tumor regions (D) indicates that high infiltration of CD8+ T cells was a protective factor for prognosis and that
high infiltration of CD8+PD-L1+ T cells was a risk factor for prognosis.
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infiltration of CD8+ T cells in the total region was correlated with
prolonged PFS (P=0.016), and high CD8+PD-L1+ T cell infiltration
in the total region was correlated with shortened PFS (P=0.02). A
similar trend was observed for CD68+CD163+ M2 macrophages,
although there was no statistically significant difference (P > 0.05).
As CDS8+ T cells, CD8+PD-L1+ T cells and CD68+CD163+ M2
macrophages in the total region can influence clinical outcomes,
we stratified the patients according to joint parameters (CD8+/
CD8+PD-L1+, CD8+/CD68+CD163+, and CD8+PD-L1+/CD68+
CD163+). Patients with high infiltration of CD8+ T cells and low
infiltration of CD8+PD-L1+ T cells in the total region had better
PES than those with any of the other three patterns (P<0.01).
Analogously, patients with high infiltration of CD8+ T cells and low
infiltration of CD68+CD163+ M2 macrophages in the total region
had better PFS than those with any of the other three patterns
(P<0.01). A similar result was observed in patients with low
infiltration of CD8+ PD-L1+ T cells and low infiltration of
CD68+CD163+ M2 macrophages in the total region (P<0.001).
This indicates that CD8+ T cells, CD8+PD-L1+ T cells, CD8+/

hazard ratio

Gender Fﬁ;‘}‘jle reference [ |
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(N=26)  (0.0259~" 4.17) — ‘ 0.391
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FIGURE 3 | Multivariate Cox model analyses of prognostic factors. The forest plot of multivariate survival analysis results indicates that the levels of infiltrating CD8+,
CD8+PD-L1+, and CD68+CD163+ cells in the total region were independent prognostic markers for PFS.

CD8+PD-L1+, CD8+/CD68+CD163+, and CD8+PD-L1+/CD68+
CD163+ are potential biomarkers for predicting PFS in NSCLC
patients receiving ICI therapy and that the CD8+/CD8+PD-L1+
and CD8+/CD68+CD163+ signatures provide better stratification
of PFES than CD8+ T cells, CD8+PD-L1+ T cells, or CD68+CD163+
M2 macrophages.

Infiltration of T Cells and M2

Macrophages Was Correlated

With the Response to ICI Therapy

In this study, it was found that the levels of infiltrated CD8+ T cells,
CD8+PD-L1+ T cells and CD68+CD163+ M2 macrophages were
independent prognostic factors for PFS. However, whether they can
also predict the response to ICI therapy needs further study. Receiver
operating characteristic (ROC) curve analysis revealed the better
predictive performance of the infiltration of CD8+ T cells
(AUC=0.76) or CD8+PD-L1+ T cells (AUC=0.62) than that of
CD68+CD163+ M2 macrophages (AUC=0.59) (Figures 5A-C).
Chi-square tests were performed to study the relationships between
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FIGURE 4 | Prognostic roles of CD8+, CD8+PD-L1+, CD68+CD163+ and related joint parameters. Kaplan-Meier analysis of the progression-free survival of NSCLC
patients stratified by their CD8+ (A), CD8+PD-L1+ (B), CD68+CD163+ (C) or joint parameter results (D-F) for the total region. The cutoff point for TAICs (high vs
low) was determined using the survminer package in R software. Higher infiltration of CD8+ and lower infiltration of CD8+PD-L1+ T cells were correlated with
improved progression-free survival. The results also indicated that CD8+ high/CD8+PD-L1+ low, CD8+ high/CD68+CD163+ low, and CD8+ low/CD68+CD163+ low
NSCLC patients had better PFS than the other three corresponding types of patients.
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FIGURE 5 | Predictive roles of CD8+, CD8+PD-L1+, CD68+CD163+ and related joint parameters. (A=C) ROC curves for CD8+, CD8+PD-L1+, and CD68+CD163+.
(D-F) Chi-square tests for CD8+, CD8+PD-L1+, and CD68+CD163. (G-l) Scatter plot and chi-square test for joint parameters. (J-L) Representative mIHC images of
CD8+, CD8+PD-L1+, and CDE8+CD163+ cell infiltration. NSCLC patients with higher CD8+ and lower CD8+PD-L1+ and CD68+CD163+ cell infiltration were more

CD8+ T cell, CD8+PD-L1+ T cell, or CD68+CD163+ M2
macrophage infiltration and the response rate of NSCLC patients
who received ICI therapy. As shown in Figures 5D-F, the results
showed that the response rate for ICI treatment in NSCLC patients
with high-density infiltration of CD8+ T cells was significantly higher
than that in those with low-density infiltration (P<0.01). In the total
region, the response rate for ICI treatment was lower in the CD8+PD-
L1+ T cell high-density infiltration subgroup than in the low-density

likely to respond to ICI therapy than patients with other cell infiltration patterns. RR, response rate.

infiltration group, but no significant difference was found (P>0.05). A
similar trend was found for CD68+CD163+ M2 macrophages. A
scatter plot and the chi-square test showed that the response rate in
CD8+ high/CD8+PD-L1+ low subsets was 56%, which was
significantly higher than that in the other two subsets (P<0.01)
(Figure 5G). Patients with high CD8 T cell and low CD68+
CD163+ M2 macrophage infiltration had a higher response rate
than other patients (P<0.01) (Figure 5H). However, there were no
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significant differences identified by the CD8+PD-L1+/CD68+
CD163+ parameter (Figure 5I). There were some examples in
which a patient who responded to immunotherapy had high
infiltration of CD8+ T cells and low infiltration of CD8+PD-L1+
T cells and CD68+CD163+ M2 macrophages (Figures 5J-L). This
suggests that NSCLC patients with high infiltration of CD8+ T cells
and low infiltration of CD8+PD-L1+ T cells or high infiltration
of CD8+ T cells and low infiltration of CD68+CD163+ M2
macrophages were more likely to respond to ICIs than patients
with other biomarker patterns. The CD8+/CD8+PD-L1+ and
CD8+/CD68+CD163+ signatures provided greater stratification
of the response rate than CD8+ T cells, CD8+PD-L1+ T cells, or
CD68+CD163+ M2 macrophages alone.

DISCUSSION

This study demonstrates a relationship between TAICs in the tumor
immune microenvironment and clinical outcomes in 33 NSCLC
patients treated with ICIs. Our data suggest that the levels of
infiltrating CD8+ T cells, CD8+PD-L1+ T cells, and CD68+
CD163+ M2 macrophages in the total region were independent
prognostic factors for PES in NSCLC patients treated with ICIs. The
joint parameters CD8+/CD8+PD-L1+, CD8+/CD68+CD163+, and
CD8+PD-L1+/CD68+CD163+ were also potential indicators for
predicting PES in NSCLC patients receiving ICIs. In addition, the
infiltration of CD8+ T cells, the combination of CD8+ and CD8+
PD-L1+ T cells, and the combination of CD8+ T cells and CD68+
CD163+ M2 macrophages were potential indicators for predicting
the response to ICIs in NSCLC.

Our study underlines the prognostic and predictive roles
of CD8+PD-L1+ T cells, CD8+ T cells, CD68+CD163+ M2
macrophages and related joint parameters in NSCLC. Our study
found that NSCLC patients with high CD8+ PD-L1+ T cell
infiltration had relatively poor PFS (Figures 2-4). Recently,
some studies have investigated the relationships between the
expression of PD-1 or PD-L1 on TAICs and the prognosis of
ICI therapy, and high infiltration of CD8+PD-1+ T cells was
found to indicate better OS or an increased response rate (13, 25,
28, 29). Since PD-L1 expressed on tumor cells and macrophages is
a negative regulator of T cell responses, blocking the PD-1/PD-L1
axis can improve immune responses against tumors (24);
furthermore, it makes sense that in a 62-person cohort of
NSCLC patients treated with ICIs, high levels of CD68+PD-L1+
immune cells were associated with prolonged OS (25). However,
few studies have reported the relationship between the expression
of PD-L1 on T cells and immunotherapy. It has been reported
previously that PD-L1"8" CD8+ T cells express more CD107a and
IFN-y than PD-L1'°CD8+ T cells, which indicates that PD-L1""
CD8+ T cells are functional effector cells (26). However, the
ligation of PD-L1 in T cells can induce IL-10 expression and
T cell apoptosis (30). A recent pancreatic cancer study showed
that PD-L1+ T cells exerted tumor-promoting tolerance in 3 ways:
PD-L1+ T cells could prevent activation, reduce Th1 polarization
and promote Th17 differentiation (31). Through the PD-L1-PD-1
axis, PD-L1+ T cells can suppress effector T cells even without

endogenous PD-L1 (31). The engagement of PD-L1+ T cells and
PD-1+ macrophages can induce M2 macrophages, which have
negative effects on adaptive antitumor immunity (31). This may
explain why NSCLC patients with high levels of CD8+PD-L1+
T cells have relatively poor PES. These results indicate that CD8+
PD-L1+ T cells are a risk factor for ICI therapy in NSCLC.

The present work identified the value of CD8+ T cells in
predicting PFS and treatment response (Figures 2-5). Multiple
studies have shown that high infiltration of CD8+ T cells
correlates with improved survival in patients treated with ICIs
(18, 32, 33). It was reported that a high density of CD8+ cells was
associated with a higher median OS time in 163 NSCLC patients
who received durvalumab (P<0.01) (32). Some studies have also
found that high infiltration of CD8+ T cells is correlated with a
relatively good response in patients treated with ICIs (12, 19-21).
A previous study found that the level of CD8+ T cells was
significantly higher in patients achieving CR/PR than in those
with SD/PD in melanoma (P < 0.0001) (32). Our experimental
results confirmed that CD8+ T cells are a good biomarker for
predicting the response and survival of patients treated with ICIs.

Our data revealed that NSCLC patients with high CD68+
CD163+ macrophage infiltration had relatively poor PFS (Figure
3). Macrophages in the tumor microenvironment are defined as
TAMs, which can produce growth factors, cytokines, and other
molecules to regulate metastasis (22). The M1 and M2 states are
two main phenotypes of macrophages. It has been reported that
CD68+CD163- cells and CD68+CD163+ cells are considered
M1-like macrophages and M2-like macrophages, respectively
(23). Low infiltration of M1-like macrophages and high
infiltration of M2-like macrophages are strongly associated
with poor disease-free survival (23). M2-like macrophages have
repair- and growth-inducing properties that can promote tumor
progression, angiogenesis and metastasis (23, 34-36). This may
explain the reason why high levels of CD68+CD163+ M2
macrophages were associated with poorer PFS than low levels
of CD68+CD163+ M2 macrophages in this cohort.

Because of the prognostic and predictive roles of CD8+PD-L1+
T cells, CD8+ T cells, and CD68+CD163+ M2 macrophages, it was
unsurprising to find that NSCLC patients with a CD8+ high/CD8+
PD-L1+ low, CD8+ high/CD68+CD163+ low or CD8+PD-L1+
high/CD8+PD-L1+ low signature had better PES than patients
with the other corresponding signatures (Figure 4). We also found
that the response rate in NSCLC patients with a CD8+ high/CD8+
PD-L1+ low or CD8+ high/CD68+CD163+ low signature was
significantly higher than that in patients with the other
corresponding signatures (Figure 5). Overall, for PES, the joint
parameters CD8+/CD8+PD-L1+, CD8+/CD68+CD163+ and
CD8+PD-L1+/CD8+PD-L1+ demonstrated stronger stratification
than the single biomarkers. Regarding the response rate, the joint
parameters CD8+/CD8+PD-L1+ and CD8+/CD68+CD163+ also
demonstrated stronger stratification than the single biomarkers.
Our findings suggest that joint evaluation of multiple biomarkers
has certain significance in studying the immune status of tumors
and guiding ICI treatment in NSCLC patients.

There were several limitations of this study. First, the analysis of
this study was based on 33 NSCLC patients. The predictive values of
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CD8+PD-L1+ T cells, CD8+ T cells, CD68+CD163+ M2
macrophages and related joint parameters need to be validated in
larger studies. Second, the molecular characteristics of these
biomarkers, especially CD8+PD-L1+ T cells, need further study.

In summary, our retrospective study revealed the prognostic
and predictive value of CD8+PD-L1+ T cells, CD8+ T cells, and
CD68+CD163+ M2 macrophages in NSCLC patients who
received ICIs. These biomarkers are likely to predict response
and survival. Interestingly, our results indicate that evaluation of
joint parameters composed of these biomarkers has certain
significance for guiding ICI treatment in NSCLC. Our results
warrant validation and further study.
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