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Background: The aim of the present study was to explore the potential of
peripheral immune cells in predicting the response and prognosis of patients
with advanced non-small cell lung cancer (NSCLC) receiving anti-PD-1
immunotherapy and platinum-based chemotherapy.

Participants and Methods: We utilized flow cytometry to examine the levels and
dynamics of blood immune cells in 79 advanced NSCLC patients treated with the
chemoimmunotherapy between December 2019 and January 2022. The pre-
and post-treatment blood samples were collected within 3 days prior to the
initiation of the first and third cycle of combination treatment, respectively.
Progression-free survival (PFS) and overall survival (OS) analyses were conducted
using Kaplan-Meier method and Cox regression models.

Results: The pre-treatment CD4"/Total T cells ratio was significantly higher in
responders than non-responders (P < 0.05). The levels of pre-treatment total
lymphocytes (P = 0.012), total B lymphocytes (P = 0.025), and NK cells
(P = 0.022), and post-treatment NK cells (P = 0.011) and NKT cells (P = 0.035)
were significantly associated with OS. Post-treatment CD8"/Total T cells ratio
was positively correlated with OS (P = 0.038). In multivariate analysis, post-
treatment NK cells and post-treatment CD4*CD8"/Total T cells ratio were
negatively associated with OS (hazard ratio [HR] = 10.30, P = 0.038) and PFS
(HR = 1.95, P = 0.022), respectively. Notably, significantly positive correlations
were observed between CD4*/Total T cells ratio and prognosis both before and
after treatment (P < 0.05).

Conclusion: To summarize, our finding reveals that high CD4*/total T cells ratio
was associated with favorable response and prognosis, highlighting its potential
as a predictive biomarker to guide the selection of likely responders to platinum
and anti-PD-1 combination therapy.
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Introduction

Non-small cell lung cancer (NSCLC) is among the leading
cause of cancer-related deaths worldwide, greatly endangering
public health (1). Cytotoxic therapies, such as platinum-based
chemotherapy, in combination with immune checkpoint
inhibitors (ICIs) targeting PD-1/PD-L1 axis have been shown
to profoundly improve efficacies of NSCLC treatment by
synergizing to enhance anti-cancer immunity (2-4). Of note, only
a limited range of NSCLC patients could derive significant survival
benefits from the combination therapy (5, 6). However, specific
biomarkers that were capable of predicting responses to the
chemoimmunotherapy (chemolO) remain to be identified (7-9).
Therefore, it is paramount to identify feasible biomarkers to
discriminate responders to the chemolO from non-responders (10).

Peripheral blood might contain immune cells that were
derived from the sites of tumor tissues, and therefore might
have been recently recognized to possess predictive values for
tumor infiltration and therapy response across multiple cancers,
such as NSCLC, colorectal adenocarcinoma, endometrial
adenocarcinoma and renal clear cell carcinoma (11). For
example, increased lymphocyte-to-monocyte ratio in the
peripheral blood was associated with improved clinical outcome
in patients with metastatic nasopharyngeal carcinoma (12). High
circulating NK cell counts forecasted a better overall survival in
patients with untreated advanced gastric cancer (13). In addition,
enhanced proliferation of peripheral PD-1"CD8" T cells was
linked with improved prognosis (14), while relative B cell levels
in the blood predicted a poor overall survival in patients with
NSCLC receiving immune checkpoint inhibitors-based therapy
(15). However, the association between peripheral immune cells
and clinical outcome remains to be explored in NSCLC patients
treated with chemolO.

Here, we present the first research centering on evaluating
the relationship of the compositions of peripheral immune
cells with the response and prognosis in patients with
inoperable advanced NSCLC receiving chemolO, with the aim
of characterizing potential response biomarkers to chemolO.
Overall, our findings may pave the way for further research on
identifying novel biomarkers in the peripheral blood to promote
the implementation of chemo-immunotherapy in clinical practice
for treating NSCLC.

Abbreviations: NSCLC, non-small-cell lung cancer; ICIs, immune checkpoint
inhibitors; ChemolO, chemoimmunotherapy; PD-1, programmed cell death
protein 1; PD-L1, programmed cell death 1 ligand 1; CT, computed
tomography; EGFR, epidermal growth factor receptor; ALK, anaplastic
lymphoma kinase; ROS1, ROS proto-oncogene 1, receptor tyrosine kinase; NK
cell, natural killer cell; NKT cell, natural killer T cell; CR, complete response; PR,
partial response; SD, stable disease; PD, progressive disease; OS, overall survival;
PES, Progression-free survival; ctDNA, circulating tumor DNA; HR, hazard ratio;

CI, confidence intervals; ORR, objective response rate.
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Patients and methods
Study population

A total of 79 advanced NSCLC patients (stage III and IV at
diagnosis according to IASLC 8th version) receiving platinum-based
chemotherapy in combination with PD-1 checkpoint inhibitors at the
First Affiliated Hospital of Chongqing Medical University
(Chongqing, China) between September 2019 and January 2022
were enrolled in this study. Survival follow-up was carried out
through multiple ways, mainly including clinic visits, reaching
patients through monthly phone calls, and surveying death reports.
Overall survival (OS) and Progression-free survival (PFS) were used
as the endpoints for survival outcomes. OS was defined as the
duration time starting from the initiation of chemolO treatment to
death from any cause. PFS was defined as the duration time starting
from the initiation of chemolO treatment to disease progression or
death from any cause, whichever happened first. The follow-up
period of OS and PFS ended December 11, 2022, or death.

Criteria of inclusion and exclusion

The inclusion of patients was based on the following criteria: 1)
stage III-IV NSCLC patients with diagnostic biopsy; 2) patients
treated with platinum-based chemotherapy in combination with
immune checkpoint inhibitors targeting PD-1; 3) patients without
autoimmune diseases; 4) patients with normal functions of liver and
kidney; 5) patients with good tolerance to chemotherapy plus
immunotherapy, as indicated by Karnofsky performance status
(KPS) score > 80.

The exclusion criteria were as follows: 1) patients receiving
adjuvant therapy after undergoing radical surgery of lung cancer; 2)
patients treated with neoadjuvant therapy; 3) patients with severe
organ dysfunctions; 3) patients with incomplete clinical data (for
example, only tested for blood immune cells once); 4) patients with
recent use of immunosuppressive medications; 5) patients lost to
follow up; 6) positive for EGFR mutation, ALK fusion, and
ROSI fusion.

The following data were sourced from the medical records: age,
gender, smoking history, histopathological features, disease stage, use
of PD-1 inhibitors and comorbidity. Platinum-based chemotherapy
was applied following the standard first-line chemotherapy regimen
for advanced NSCLC. The immunotherapy drugs contained
camrelizumab, tislelizumab, and pembrolizumab. Patients achieving
complete response (CR) or partial response (PR) were grouped as
responders, whereas patients showing stable disease (SD) or
progressive disease (PD) were defined as non-responders,
according to RECIST criteria v1.1.

Patient sample collection
Fasting blood (> 200 uL) was aseptically collected through

venipuncture within 3 days before the initiation of the first and
third cycle of chemolO treatment to examine pre- and post-
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treatment blood samples, respectively. Then, the blood was
immediately transported in vacutainer blood collection tubes to the
laboratory at room temperature and processed within 24 hours
of draw.

Flow cytometry analysis

The flow cytometry was performed to determine the
percentages and absolute counts of T lymphocytes (CD3"), B
lymphocytes (CD19"), natural killer (NK) lymphocytes (CD3~
CD16" and/or CD567), helper/inducer T lymphocytes
(CD3"CD4"), and suppressor/cytotoxic T lymphocytes
(CD3"CD8") in the peripheral whole blood samples, using a 6-
Color TBNK Reagent (QuantoBio, China, Z8610002) following the
manufacturer’s instructions. Whole blood samples were stained
within 24 hours of draw. The representative gating strategy for these
cells from one representative patient was shown in Figure 1. Briefly,
50 UL of well-mixed, anticoagulated whole blood and 20 UL of CD3/
CD16 + 56/CD45/CD4/CD19/CD8 reagent containing a mixture of
fluorophore conjugated antibodies (fluorescein isothiocyanate
(FITC)-labeled CD3 (UCHT1), phycoerythrin (PE)-labeled CD16
(CB16), PE-labeled CD56 (MEM-188), PerCP-Cy5.5-labeled CD45
(2D1), PC7-labeled CD4 (RPA-T4), allophycocyanin (APC)-
labeled CD19 (HIB19), and APC-Cy7-labeled CD8 (HIT8a))
were pipetted into the bottom of the collection tubes, and
vortexed gently to mix, followed by incubation in the dark at
room temperature for 15-30 minutes. Next, to lyse red blood
cells, 450 pL lysing solution were added to the tubes and
incubated for 15-30 minutes in the dark at room temperature.
Then, the samples were acquired on the flow cytometer (BD
FACSCantoTMIIL, USA) and the data were analyzed using the BD
FACSCantoTM clinical software.

To simply introduce the gating strategies, nucleated cells (R1)
were first revealed by CD45 expression and side scatter (SSC) size.
Then, the sum of lymphocytes and monocytes (A) were gated by
CD45™¢" and SSC'°" populations. Within the gate (A), the total
lymphocytes (Lym) were identified by gating out monocytes in (q).
The lymphocytes (Lym) could be split into CD3 positive T cells and
CD3 negative cells (G) by the CD3 expression. CD3 positive T cells
were then further identified and gated by the expression of CD4 and
CD8 to identify helper and cytotoxic cells. Within the gate (G), CD3
negative cells were split into B cells and NK cells by the expression
of CD19 and CDI16 + 56. All information on antibodies was
presented in Supplementary Table SI.

Statistical analyses

GraphPad Prism version 10.0 and R software 3.6.2 were used for
statistical analysis. Data were presented as mean + SEM. Fisher’s exact
test was used to analyze the categorical variables that were processed as
percentages and frequencies. Survival analyses were performed using
the Kaplan-Meier method with log-rank test and Cox proportional
hazards regression model. The optimal cutpoints of different
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lymphocyte subsets for survival analysis were determined using the
maximally selected test statistics from survminer R package. PFS used
the same cutpoints as those of OS for corresponding immune cell
subset. Hazard ratio (HR) and 95% confidence interval (CI) were
calculated for Cox regression analysis. The variables that showed
statistical significance in the univariate analyses were selected to be
further analyzed in the multivariate models. The continuous variables
were analyzed using Mann-Whitney U test and paired t-test, and the
categorical variables using Fisher’s exact test. The two-sided probability
of type I error was 0.05 in the analysis. P < 0.05 was determined to be
with statistical difference.

Results

Patient demographic and
clinical characteristics

159 NSCLC patients who were not eligible for curative surgery
and received combination treatment of platinum-based
chemotherapy plus PD-1 checkpoint inhibitors were
retrospectively enrolled from September 2019 to January 2022 at
the Department of Thoracic Surgery, the First Affiliated Hospital of
Chongging Medical University. Thirty patients with stage I-II
NSCLC were excluded due to severe cardiopulmonary functions.
Next, 38 patients with incomplete clinical data were excluded.
Twelve additional patients lost to follow up were excluded.
Therefore, the study cohort comprised of 79 advanced NSCLC
patients qualified for peripheral immune cell analysis (Figure 2).
The detailed clinical characteristics of the included patients were
displayed in Table 1. Across the 79 patients, 47 (59.5%) and 32
(40.5%) were lung squamous carcinoma and lung adenocarcinoma,
respectively. The cohort has a median age of 59 years old (range, 30-
74 years old), and 52 (65.8%) patients have a smoking history or
currently smoke. Males, being a major part of the cohort, account
for 89% of the cohort. According to the Fisher’s exact test, no
significant differences of histology type, PD-1 inhibitors types,
comorbidity, smoking history, age, and gender were observed
between the two groups (CR/PR vs SD/PD) (Table 1). Overall,
with 39 and 40 patients achieving CR/PR and SD/PD respectively,
the objective response rate (ORR) was 49.4% (39/79) in advanced
NSCLC patients treated with the chemoimmunotherapy.

Correlations between peripheral immune
cells and response

The patients were stratified into two groups, responders (CR/
PR) and non-responders (SD/PD) based on their response to
platinum-based chemotherapy plus immunotherapy, as clarified
by RECIST criteria v1.1. To investigate the association between
clinical hematological parameters and patients’ response to therapy,
the levels of peripheral total lymphocytes, total B lymphocytes, total
T lymphocytes, NK cells and NKT cells were compared between
CR/PR and SD/PD. The pre-treatment CD4"/Total T cells ratio (P
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FIGURE 1
The gating strategy of a representative sample.

= 0.003, Fisher’s exact test) and post-treatment CD4 CD8™ T cell
frequency (P = 0.029, Fisher’s exact test) were significantly different
between CR/PR group and SD/PD group (Tables 2, 3). The level of
peripheral total B lymphocytes was significantly decreased after
treatment in non-responders as compared with pre-treatment
(Figure 3A). Furthermore, the ratios of respective T cell subset to
total or CD8" T cells were analyzed. According to Figure 3B, pre-
treatment CD4"/Total T cells ratio was significantly higher in
responders than non-responders. In addition, CD4 CD8 /Total T
cells ratio and the CD4"/CD8" T cells ratio before treatment was
significantly increased and decreased compared to their
counterparts after treatment in responders, respectively (Figure 3B).

Frontiers in Immunology

Correlations between peripheral immune
cells and clinical outcomes

Next, we comparatively analyzed the differences between the
pre- and post-treatment peripheral immune cells compositions in
NSCLC patients treated with chemolO. Low pre-treatment levels of
total lymphocytes (P = 0.012), total B lymphocytes (P = 0.025), and
low pre- and post-treatment levels of NK cells (P = 0.0215; P =
0.011) were associated with significantly better overall survival than
high-level groups, while higher levels of post-treatment NKT cells
were correlated with longer overall survival (P = 0.035) (Figure 4,
Supplementary Figure S1). However, no association was observed
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patients with inoperable NSCLC receiving chemotherapy
combined with PD-1 checkpoint inhibitors
Date: September 2019 to January 2022
n=159

Excluding 30 stage I-II
NSCLC patients with severe
cardiopulmonary functions

Stage III and IV NSCLC patients
n=129

Excluding 38 patients with
incomplete clinical data

Stage III-IV NSCLC patients
n=91

Excluding 12 patients
lost to follow up

Stage III/IV NSCLC patients
n=79

FIGURE 2
The flowchart of patient selection.

between peripheral immune cell levels and progression-free survival
(Supplementary Figure S2). Next, the correlations between the
relative abundances of immune cell subsets among the total T
cells and patients’ prognosis were also analyzed. Both before and
after chemolO treatment, the CD4"/total T cells ratio was positively
associated with improved OS (before: P < 0.001; after: P = 0.0015)
and PFS (pre: P = 0.0002; post: P < 0.0001) (Figure 5A). And post-
treatment CD8"/Total T cells ratio and CD4"CD8/Total T cells
ratio were significantly associated with OS and PFS, respectively
(Figures 5B, C, Supplementary Figures S3, S4).

We next conducted univariate and multivariate cox regression
analysis to analyze the potential of peripheral lymphocyte subsets as
independent prognostic factors. As illustrated by the forest plot, high
level of post-treatment NK cells was significantly associated with
shorter OS (P = 0.038, HR = 10.30). Conversely, pre-treatment CD4 "/
Total T cells ratio (P = 0.004, HR = 0.28) and post-treatment CD4"/
Total T cells ratio (P = 0.006, HR = 0.17) were significantly associated
with improved OS (Figure 6A, Table 4). Furthermore, an increased
ratio of CD4" to Total T cells before (P = 0.025, HR = 0.45) and after
treatment (P = 0.002, HR = 0.25) was associated with favorable
prognosis, while post-treatment CD4"CD8"/Total T cells ratio (P =
0.022, HR = 1.95) was independently associated with shorter PFS
(Figure 6B, Table 5). Collectively, these results suggested that CD4" T
cells was associated with better clinical outcome in advanced NSCLC
patients receiving the chemolO treatment.

Discussion
Chemotherapy in combination with anti PD-1/PD-L1 antibodies

has become a mainstay for patients with advanced non-small cell lung
cancer (16). However, accurate selection of potential responders to the
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TABLE 1 Baseline characteristics of 79 patients with advanced NSCLC.

Total CR/PR SD/PD
o P-
Characteristic (n (n (n value
=79) = 39) = 40)
Age
< 59 years 38 (48%) 20 18
0.655
> 59 years 41 (52%) 19 22
Gender
Female 9 (11%) 4 5
1.000
Male 70 (89%) 35 35
Smoking status
History of smoking 52 (66%) 26 26
1.000
No history of smoking | 27 (34%) 13 14
Histopathological features
Non-squamous 32 (41%) 15 17
0.820
Squamous
cell carcinoma 47 (59%) 24 23
Disease stage
Stage III 48 (61%) 25 23
0.647
Stage IV 31 (39%) 14 17
PD-1 inhibitors
Camrelizumab 66 (83%) 32 34
Tislelizumab 11 (14%) 6 5 0.876
Pembrolizumab 2 (3%) 1 1
Comorbidity
Hypertension 12 (15%) 7 5
Diabetes mellitus 10 (13%) 4 6 0.688
Viral hepatitis B 5 (6%) 3 2

p-values were estimated by Fisher’s exact test.

chemolO remains challenging due to the wide variations in patients’
clinical responses to immunotherapy due to tumor heterogeneity. Here,
we demonstrated that CD4"/total T cells ratio was significantly higher
in CR/PR group than in SD/PD group. In addition, our study
uncovered that the frequencies of circulating immune cells, including
CD4" T cells, CD8" T cells and NK cells, were significantly associated
with the overall survival and progression-free survival. Notably, this is
the first study to support the characterization of CD4" T cells as a
potential prognostic parameter in inoperable advanced NSCLC
patients receiving chemoimmunotherapy.

Combining chemotherapy with ICIs could enhance
immunotherapy efficacy by exposing tumor neoantigens and priming
immune cells, thus inducing immunogenic cell death (17-19). For
example, chemotherapy could enhance cytotoxic T lymphocytes-
mediated killing of cancer cells through immunogenic modulation
(20). However, no available blood-based biomarkers associated with
clinical outcome have been investigated as of now. Therefore, there is a
pressing need to identify effective biomarkers to guide selection of
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TABLE 2 Association of lymphocyte subsets before treatment with
objective response rate.

CR/PR  SD/PD
Characteristics Ll
(n =79)
1714 1725 1561
Total lymphocytes
(cells/uL) (464, (464, (746, 0.551
u 3772) 3772) 3359)
> 1218 8 9
0.83
<1218 31 31
1170 1278 1082.5
Total T lymph,
otal ( KTPL;CWS (399, (399, (480, 0.229
cells,
s 2854) 2854) 2241)
> 783 34 35
1
<783 5 5
B lymphocytes 161 179 153 0.943
(cells/uL) (27, 902) (42, 653) (27, 902) :
> 128 26 26
0.876
<128 13 14
260 228 265.5
NK cells (cells/uL 0.540
cells (cells/uL) (21,1376) | (21,1017) (60, 1376)
> 112 33 37
0.311
<112 6 3
39 44 31
NKT cells (cells/uL 0.432
cells (cells/uL) (6, 216) (8, 216) (6, 199)
> 69 8 9
0.83
<69 31 31
1.61
CD4*/CD8* T 1.6 1.585
/ ) (0.93, 0.187
cells ratio (0.3, 3.53) (0.3, 3.53)
3.25)
>1.23 30 29
0.651
<123 9 11
41.77 42.71 38.61
CD4"/Total T cells ratio (19.79, (30.25, (19.79, 0.047
60.7) 57.43) 60.7)
> 31.44 38 29
0.003
<3144 1 11
25 24.26 25.355
CD8"/Total T cells ratio (13.37, (13.37, (14.82, 0.541
65.15) 50.72) 65.15)
> 26.81 15 17
0.715
<26.81 24 23
CD4*CD8"/Total T 0.44 0.4 ?64(;175 0382
cells ratio (0, 15.51) (0, 15.51) o :
1.72)
>0.15 34 33
0.562
<0.15 5 7
(Continued)
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TABLE 2 Continued

CR/PR  SD/PD .
Characteristics (n (n a
value
= 39) = 40)
CD4 CDS8 /Total T 391 4.36 3.575
s rati (091, (0.91, (1.18, 0.257
cells ratio 23.99) 23.99) 15.46)
> 5.62 11 7
0.257
<5.62 28 33

“p-Values were estimated by Fisher’s exact test and Mann-Whitney U test for categorical

variables and continuous variables, respectively.

TABLE 3 Association of lymphocyte subsets with objective response
rates after treatment.

o Total
Characteristics
)
Total lymphocytes 1577 1608 1489.5
0.554
(cells/uL) (311, 2954) (311, 2954) (879, 2896)
> 1885 15 10
0.198
< 1885 24 30
Total T lymphocytes 1127 1187 1105 0.508
(cells/uL) (222, 2376) (222, 2376) (437, 2026) :
> 1090 23 20
0.423
< 1090 16 20
B lymphocytes 127 149 116 0204
(cells/uL) (9, 749) (9, 749) (23, 450) -
> 95 30 26
0.243
<95 9 14
249 240 264.5
NK cell: 1ls/uL 0.903
cells (cells/uL) (73, 928) (78, 928) (73, 672)
> 147 27 34
0.095
<147 12 6
32 33 28.5
NKT cell: 1ls/uL 0.306
cells (cells/uL) (5, 509) (8, 112) (5, 509)
> 21 28 22
0.122
<21 11 18
CD4*/CD8" T 1.57 1.57 1.475 0.483
cells ratio (0.48, 3.7) (0.61, 3.62) (0.48, 3.7) :
> 1.20 30 23
0.066
<1.20 9 17
39.58 40.11 39.555
CD4"/Total T
. (20.53, (26.65, (20.53, 0.540
cells ratio
60.92) 55.57) 60.92)
>27.71 38 34
0.108
<2771 1 6
26.28 2543
CD8*/Total T 27.65
R (13.38, (13.38, 0.399
cells ratio (15, 51.91)
51.91) 49.11)
(Continued)
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TABLE 3 Continued

o Total CR/PR
Characteristics
(n=79) (n=39)
> 2346 25 26
0.933
<2346 14 14
CD4*CD8"/Total T 04 0.35 0415 0714
cells ratio (0.06, 8.02) (0.06, 8.02) (0.06, 1.83) ’
> 0.51 11 17
0.184
<0.51 28 23
CD4 CD8/Total T 4.05 4.67 3915 0123
cells ratio (1.052349)  (1.23,2349)  (1.05,16.75) )
> 5.00 19 10
0.029
<5.00 20 30

“p-Values were estimated by Fisher’s exact test Mann-Whitney U test for categorical variables
and continuous variables, respectively.

NSCLC patients that might derive survival benefit from chemolO
treatment. Due to the invasive and time-consuming nature of
histopathological evaluation which is currently a standard disease
monitoring approach, identifying a novel blood-based biomarker that
is non-invasive and easily accessible is of great clinical significance (21).
In contrast with tumor tissues, the immune cells in the peripheral blood
would provide a far more convenient sample source for patient
selection and might offer a more comprehensive immune landscape
of the whole tumor since they are circulated systemically (22, 23).
Moreover, durable antitumor immune responses also require
unrelenting immune cell recruitment from the peripheral blood (24,
25). However, the association between peripheral immune cell subsets
and clinical outcomes in NSCLC patients receiving
chemoimmunotherapy has remained elusive yet. A previous study

10.3389/fimmu.2024.1364507

showed that the levels of peripheral T cells and NK cells were closely
related to the pathological response in 59 patients with resectable stage
ITA-IIIB NSCLC treated with neoadjuvant chemolO (26). Here, we
demonstrated that the peripheral CD4"/Total T cells ratio was
significantly higher in responders (CR and PR) as compared to non-
responders (SD and PD). Consistently, a previous study demonstrated
that the activated CD4" T cell subset in the peripheral blood was a
potent mediator of anti-tumor immunity (27). Collectively, the present
study demonstrated the association between peripheral CD4" T cells
and response to chemolO in inoperable NSCLC patients for the
first time.

The immune contexture is a major determinant of tumor
progression and clinical outcomes in patients with solid tumors (28).
For example, increased tumor-infiltrating lymphocytes (TILs) were
associated with survival in patients with breast cancer (29). Besides, it
has been reported that long-term responders showed significantly
higher levels of peripheral CD62L°"CD4" T cells before PD-1
blockade therapy in patients with NSCLC (30). Moreover, the
prognostic impact of the peripheral neutrophils-to-lymphocytes ratio
has also been recognized across different cancers (31). Hematological
biomarkers, which allow for longitudinal monitoring of real-time
disease status by safe venipuncture, present an informative surrogate
of histopathological examination for risk stratification and treatment
guidance (32). For instance, as one of the most prevalent biomarkers
used in liquid biopsy, ctDNA is now widely used to aid in the selection
of NSCLC patients who might benefit from epidermal growth factor
receptor (EGFR)-targeted therapy (33). Here, we demonstrated the
association of lymphocytes and NK cells with prognosis in NSCLC
patients receiving chemoimmunotherapy for the first time. Our study
revealed that higher percentages of pre- and post-chemolO CD4" T
cells were independently associated with improved OS and PES in
patients with NSCLC, which was in line with our finding that CD4"/
Total T cells ratio before chemolO therapy was higher in responders
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After After
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The correlations between pre- and post-treatment peripheral immune cell levels and responses. (A) The differneces of the abundances and (B) ratios
of peripheral immune cell subsets between responders and non-responders. Responders group corresponds to complete response (CR) and partial
response (PR), while non-responders group refers to stable disease (SD) and progressive disease (PD). The data were analyzed by paired t-test and
Mann-Whitney U test. Data were presented as mean + SEM. *p<0.05 and **p<0.01. ns, not significant.
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Kaplan-Meier analysis on the overall survival with regard to different peripheral immune cell subsets. The Kaplan-Meier curves of OS of patients
stratified by total lymphocyte cells (A), total B lymphocyte cells (B), NK cells (C), and NKT cells (D) at pre- and post-treatment according to the
optimal cutpoints of respective lymphocyte subsets. The high and low groups were stratified by the cutpoints that were determined using the
maximally selected test statistics for OS. The log-rank test was conducted to evaluate the significance of patients’ survival.

than non-responders. Taken together, these results suggested that
peripheral CD4" T cell subset might exert protective functions in
response to chemolO treatment, thus underscoring its potential as a
predictive biomarker for screening beneficiaries before chemolO
treatment and evaluating efficacy after the chemolO treatment.
Despite less understood than CD8" T cells in anti-cancer function,
the CD4" T cell subset has been recently demonstrated to be protective
against cancer progression likely by enhancing tumoricidal activity of
other antitumor effector cells subsets (34). For example, CD4" T cell
depletion retarded tumor growth by increasing effector T cell function
(35). Moreover, it was lately demonstrated that a novel
CD62L"°CCR4 CCR6" CD4" T cell metacluster exhibited predictive

Frontiers in Immunology

potential of the immune status and sensitivity to PD-1 blockade (36). It
should be noted though that effective prediction will most likely be
satisfactorily achieved by comprehensively implementing multiple
biomarkers instead of a single one, thus highlighting the importance
of combining peripheral CD4+ T cells with other parameters to
effectively evaluate efficacy and prognosis in response to chemolO.
Overall, this is the first study to suggest a positive correlation of
peripheral CD4" T cells with OS and PFS in patients with inoperable
advanced NSCLC treated with chemoimmunotherapy.

However, there are several limits to the present study. Firstly, a
prospective study should be conducted in the future to validate the
relationships of the peripheral blood immune cell subsets to the
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Kaplan-Meier analysis on the overall survival and progression-free survival with regard to the relative levels of different peripheral immune cells. The
Kaplan-Meier curves of OS and PFS of patients stratified by CD4+/Total T cells ratio (A), OS of patients stratified by CD4+/Total T cells ratio (B), and
PFS of patients stratified by CD4*CD8"/Total T cells ratio (C) at pre- and post-treatment according to the best cutpoints of respective immune cell
ratios. The high and low groups in both OS and PFS analysis were stratified by the cutpoints that were determined using the maximally selected test
statistics for OS. The log-rank test was conducted to evaluate the significance of patients’ survival.

response and prognostic outcomes in a larger cohort of NSCLC
patients receiving chemolO. Secondly, the functions of each
immune cell subset are multifaceted, therefore a more detailed
landscape of the immune composition need to be further profiled to
investigate the specific immune subpopulation that is involved in
cancer-related immunity. Lastly, with only relevance analysis being
performed in the current study, experiments in vitro and in vivo will
also be our next step to explore the molecular mechanisms

Frontiers in Immunology

underlying the protective roles of CD4" T cells in patients with
advanced NSCLC receiving chemo-immunotherapy.

In conclusion, with the prospects for long-time survival greatly
improved by immunotherapy, our results provide timely and valuable
information on the prognostic roles of CD4" T cells in advanced NSCLC
patients treated with chemolO. Dynamic and longitudinal monitoring of
the peripheral CD4" T cells might aid in selection of likely responders to
the treatment. A prospective study in a larger cohort of advanced NSCLC
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FIGURE 6
Multivariate survival analysis. Multivariate survival analysis of the peripheral immune cell subsets for OS (A) and PFS (B) in NSCLC patients for variables
that showed statistical significance in univariate survival analysis. The cutpoints that were determined using the maximally selected test statistics.

TABLE 4 Cox proportional analysis for overall survival.

Univariate Multivariate
Characteristics
95% Cl p-value 95% Cl

Total lymphocytes (before) 543 1.27 - 23.25 0.023 3.74 0.74 - 18.84 0.110
Total lymphocytes (after) 0.54 023 -1.29 0.165

Total T lymphocytes (before) 5.04 0.68 - 37.27 0.113

Total T lymphocytes (after) 0.57 0.27 - 1.24 0.157

Total B lymphocytes (before) 291 1.09 - 7.73 0.033 1.21 0.40 - 3.64 0.737
Total B lymphocytes (after) 1.51 0.60 - 3.78 0.381

(Continued)
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TABLE 4 Continued

Univariate Multivariate
Characteristics
95% Cl p-value 95% Cl p-value

NK cells (before) Inf 0 - Inf 0.998

NK cells (after) 8.71 1.18 - 64.28 0.034 10.3 1.13 - 93.54 0.038
NKT cells (before) 1.49 0.68 - 3.28 0.322

NKT cells (after) 0.44 0.20 - 0.96 0.04 0.45 0.18 - 1.13 0.088
CD4"/CD8" T cells ratio (before) 1.77 0.69 - 4.53 0.236

CD4'/CD8" T cells ratio (after) 0.61 0.28 - 1.33 0.217

CD4"/Total T cells (before) 0.16 0.07 - 0.035 0.000 0.28 0.12 - 0.66 0.004
CD4"/Total T cells (after) 0.23 0.09 - 0.62 0.004 0.17 0.05 - 0.61 0.006
CD8"/Total T cells (before) 0.44 0.19 - 1.04 0.061

CD8*/Total T cells (after) 0.44 0.20 - 0.98 0.043 0.79 0.30 - 2.07 0.631
CD4"CD8"/Total T cells (before) 2.84 0.67 - 12.07 0.157

CD4*CD8"/Total T cells (after) 1.68 0.79 - 3.59 0.181

CD4 CDS8 /Total T cells (before) 0.47 0.16 - 1.39 0.173

CD4 CDS8 /Total T cells (after) 0.51 022 -1.22 0.13

TABLE 5 Cox proportional analysis for progression-free survival.

Univariate Multivariate
Characteristics
95% ClI p-value 95% ClI p-value

Total lymphocytes (before) 1.29 0.66 — 2.51 0.462

Total lymphocytes (after) 0.57 0.30 - 1.09 0.089

Total T lymphocytes (before) 1.07 0.48 - 238 0.87

Total T lymphocytes (after) 0.58 0.33 - 1.02 0.057

Total B lymphocytes (before) 1.09 0.61 - 1.94 0.768

Total B lymphocytes (after) 0.99 0.54 - 1.81 0.981

NK cells (before) 2.40 0.86 - 6.70 0.094

NK cells (after) 1.51 0.76 - 3.02 0.244

NKT cells (before) 0.93 0.49 - 1.79 0.838

NKT cells (after) 0.57 0.32 - 1.01 0.054

CD4%/CD8" T cells ratio (before) 1.03 0.55 - 1.93 0.92

CD4*/CD8" T cells ratio (after) 0.64 0.36 - 1.13 0.121

CD4"/Total T cells (before) 0.31 0.16 - 0.60 0.001 0.45 0.23 - 091 0.025
CD4"/Total T cells (after) 0.20 0.09 - 0.47 0.000 0.25 0.10 - 0.61 0.002
CD8"/Total T cells (before) 0.79 0.44 - 1.41 0.431

CD8"/Total T cells (after) 0.84 0.47 - 1.50 0.557

CD4"CD8"/Total T cells (before) 1.56 0.70 - 3.48 0.276

CD4"CD8"/Total T cells (after) 2.01 1.15 - 3.53 0.015 1.95 1.10 - 3.46 0.022
CD4°CD8 /Total T cells (before) 0.68 0.34 - 1.36 0.272

CD4 CDS8 /Total T cells (after) 0.76 0.43 - 1.35 0.352
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patients treated with chemoimmunotherapy is further warranted to
validate the use of peripheral CD4" T cells as biomarkers that are truly
predictive of prognosis.
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