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Background: Immune checkpoint inhibitor (ICI) has become pivotal in the treatment of advanced lung
cancer, yet the absence of reliable biomarkers for assessing treatment response poses a significant challenge.
This study aims to explore the predictive value of various lymphocyte subsets in different lung cancer
subtypes, thus potentially identifying novel biomarkers to improve ICI treatment stratification and outcomes.
Methods: We conducted a retrospective analysis of 146 stage IIT or IV lung cancer patients undergoing
ICI treatment. The study focused on exploring the relationship between various lymphocyte subsets and the
efficacy of ICIs, aiming to determine their predictive value for post-treatment outcomes.

Results: Subgroup analysis revealed a positive correlation (P=0.01) between lower CD3"CD8" T
lymphocyte levels and treatment response in squamous cell carcinoma patients. However, no significance
was observed in lung adenocarcinoma patients. Additionally, the predictive ability of lymphocyte subsets for
different immunotherapy drugs varies. In individuals receiving anti-programmed cell death ligand 1 (PD-
L1) treatment, a lower CD3"CD8" T lymphocyte levels is significantly associated with a positive treatment
outcome (P=0.002), while there is no difference for programmed death 1 (PD-1) drugs. Among patients
under 60, higher expression of CD3*CD4" T lymphocytes (P=0.03) combined with lower CD3"CD8" T
lymphocyte levels (P=0.006) showed a statistically significant association with improved treatment response.
However, in patients aged over 60, no discernible correlation was ascertained between lymphocyte subsets
and therapeutic response. Through prognostic analysis, two distinct lymphocyte subsets were identified,
both exerting considerable impact on progression-free survival subsequent to ICIs treatment: CD3*CD4" T
lymphocytes [hazard ratio (HR) =0.50, P=0.006] and CD3"CD8" T lymphocytes (HR =1.78, P=0.02).
Conclusions: Our findings underscore the significant heterogeneity in the predictive value of distinct
lymphocyte subsets for lung cancer patients undergoing ICI treatment. These findings are particularly salient

when considering various pathological types, immunotherapeutic agents, and patient age groups.
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Introduction

Immune checkpoint inhibitor (ICI) is an emerging approach
in tumor treatment that utilizes antibodies to obstruct
inhibitory signals between tumor cells (T'C) and immune
cells (IC), thereby enhancing the immune system’s ability to
effectively target and eliminate cancer cells. The advent of
ICIs has altered the therapeutic paradigm for solid tumors,
showing marked efficacy across various cancer types.
Pivotal data from the Checkmate-024 trial underscore
that pembrolizumab significantly extends progression-
free survival (PFS) and overall survival (OS) in comparison
to conventional chemotherapy for advanced lung cancer
patients with elevated anti-programmed cell death ligand
1 (PD-L1) expression (1). Moreover, patients who respond

Highlight box

Key findings

® This study identifies specific lymphocyte subsets that correlate
with better responses to ICIs in various lung cancer subtypes.
Lower CD8" T cell and higher CD4" T cell counts are associated
with improved treatment efficacy, particularly in younger patients
under 60 years.

What is known and what is new?

® Prior research has shown that immune profiles, including
lymphocyte subsets, play a role in predicting responses to
immunotherapy in cancer treatment.

® This study provides detailed insights into how different
lymphocyte ratios affect treatment outcomes across lung cancer
subtypes, offering a more nuanced understanding of immune-based

stratification in immunotherapy.

What is the implication, and what should change now?

® The findings suggest that immune profiling, particularly lymphocyte
subset analysis, can be an effective tool for tailoring immunotherapy
in lung cancer, potentially leading to more personalized treatment
approaches. Oncology treatment protocols should consider
incorporating routine lymphocyte subset profiling for patients
undergoing immunotherapy. This can help optimize treatment
decisions and improve patient outcomes by identifying those most

likely to benefit from specific immunotherapeutic agents.

© Translational Lung Cancer Research. All rights reserved.

to immunotherapy typically achieve a longer median PFS
compared to those treated with conventional cytotoxic
agents or even molecular-targeted drugs (2).

Despite the considerable advancements achieved by
ICIs in lung cancer treatment, the Keynote-042 study
demonstrated that only 27.3% of PD-L1-positive patients
derived benefit from pembrolizumab monotherapy. Even
among those with PD-L1 expression >50%, the objective
response rate (ORR) was merely 39.1% (3). In contrast,
patients exhibiting low or negative PD-L1 expression may
also potentially attain favorable therapeutic outcomes from
immunotherapy interventions (4,5). Although tissue biopsy
remains the gold standard for tumor molecular profiling,
the invasive nature of sampling, the need for repeated
biopsies, and the limited accessibility of tumor tissue in
certain advanced cases make continuous assessment of ICI
treatments challenging. Consequently, there is a significant
need for reliable and dynamic monitoring methods to gauge
the efficacy of ICIs. In this context, novel biomarkers for
ICI treatment assessment are of utmost clinical importance.

Increasing evidence suggests a correlation between
peripheral blood lymphocyte subsets and the immune status
of cancer patients (6-8). Non-invasive peripheral blood
lymphocyte subset analysis could serve as a valuable tool
for assessing treatment efficacy and prognosis in cancer
patients (9-13). However, few studies have analyzed the
heterogeneity of the predictive ability of different subsets
of lymphocytes for ICIs treatment in different subgroups,
especially considering different pathological types, different
immunotherapy drugs, and different age groups. In this
study, we collected baseline peripheral blood lymphocyte
subsets from advanced lung cancer patients before
immunotherapy and analyzed their relationship with short-
term treatment response and prognosis in different subsets.
This will provide evidence for investigating lymphocyte
subsets as biomarkers for predicting the efficacy of ICI
therapy. We present this article in accordance with the
REMARK reporting checklist (available at https://tlcr.
amegroups.com/article/view/10.21037/tlcr-24-109/rc).
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Methods
Study population

This investigation enrolled 146 patients diagnosed with
advanced-stage lung cancer, all of whom received ICI
therapy at Shandong Cancer Hospital and Institute from
May 2020 to December 2022. The study was meticulously
conducted in strict accordance with the ethical guidelines
and principles of the Helsinki Declaration (as revised in
2013), and was approved by the Ethics Review Committee
of Shandong Cancer Hospital and Institute (approval
No. SDTHEC2023011009). To ensure privacy and
confidentiality, patient data were anonymized rigorously.
The study adhered to stringent confidentiality protocols
during all data analyses. Informed consent was obtained
from each participant in written form, following a
comprehensive explanation of the study’s purpose and
procedures.

Inclusion criteria

(I)  Histopathological or cytological confirmation of lung
cancer diagnosis;

(IT) Age >18 years with an Eastern Cooperative Oncology
Group (ECOG) performance status of 0-2;

(IN)  Clinical staging of III-IV according to the American
Joint Committee on Cancer (AJCC) guidelines;

(IV) Availability of comprehensive and analyzable
lymphocyte subset data and follow-up records;

(V) Assessment of epidermal growth factor receptor
(EGFR) gene mutation and PD-L1 expression levels
at the time of admission;

(VI) No history of autoimmune diseases or previous
treatments that could influence immune modulation;

(VII) Absence of acute pneumonia or other respiratory
infections at admission, and no inflammation resulting
from additional treatment modalities, such as
radiotherapy.

Exclusion criteria

(I)  Patients with clinical or pathological evidence of non-
lung cancer diagnoses;

(I) Missing or incomplete clinical or pathological data
during the follow-up phase;

(IM) Presence of autoimmune diseases or a history of
treatments affecting immune function, including prior
immunostimulatory interventions.
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Data collection

(I)  Patient demographics: detailed collection of patient
demographics, encompassing gender, age, tumor
pathology, and Tumor Node Metastasis (TINM)
staging as per tumor classification guidelines;

(II) Treatment regimens and medication details:
comprehensive documentation of each patient’s
treatment plan, including specific medications used.
This covers aspects such as dosage, duration, route
of administration, and any combination therapies
employed;

(II) Peripheral blood sample collection: blood samples
were collected via peripheral venipuncture from each
participant within the initial 2 weeks preceding the
commencement of ICI therapy. Blood was treated
with erythrocyte lysis buffer to remove red blood cells,
leaving a suspension of leukocytes. Staining protocol:
the leukocytes were then stained with fluorochrome-
conjugated antibodies. The antibodies were sourced
from Tongshengshidai (Z6410010, Z6410002; Beijing,
China), Beckman (6607073; Brea, CA, USA), and
BD (665343; Franklin Lakes, NJ, USA). Staining was
conducted according to the manufacturer’s protocols.
Flow cytometry analysis: following staining, cells were
analyzed using a flow cytometer (Beckman Coulter
DxFLEX, Brea, CA, USA). These samples were
analyzed to determine the proportions of various
lymphocyte subsets, including CD3"CD56" [natural
killer (NK) cells], CD3°CD19" (B cells), CD3" (total
T lymphocytes), CD3"CD4" [helper T (Th) cells], and
CD3"CD8" [cytotoxic and suppressor T (Te/T5) cells],
along with the CD4'/CD8’ ratio.

Clinical outcome assessment

The evaluation of initial disease response post-ICI or
combined treatment administration was a key focus. For
patients receiving combination chemotherapy, response
assessment was conducted after the completion of
two treatment cycles. Those undergoing concomitant
radiotherapy were evaluated 1 month post-radiotherapy
completion. In cases of immunotherapy monotherapy,
assessments were performed within the initial four
treatment cycles. We diligently tracked PFS for each
patient, defined as the duration from the onset of treatment
to either any tumor progression or death due to any cause.
Treatment efficacy was determined through a
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Table 1 Clinicopathological characteristics of 146 lung cancer

patients
Patients’ characteristics N %
Gender
Male 122 83.56
Female 24 16.44
Age, years
<60 64  43.84
>60 82  56.16
Histotype
Squamous cell lung cancer 34 23.29
Adenocarcinoma 57 39.04
Small cell 45  30.82
Others 10 6.85
ICI
PD-L1 inhibitor 56  38.36
PD-1 inhibitor 90 61.64
Treatment
Single ICIs 33 22.6
With chemotherapy 68 46.58
With radiotherapy 4 2.74
With targeted therapy 4 2.74
With chemotherapy and targeted therapy 11 7.53
With radiochemotherapy 26 17.81

Clinical stages
1] 41 28.08
v 105  71.92

ICl, immune checkpoint inhibitor; PD-L1, programmed cell death
ligand 1; PD-1, programmed death 1.

combination of imaging studies and tumor marker
evaluations. Each imaging result underwent a thorough
review by at least two senior radiologists. To standardize
the evaluation of treatment responses, the Response
Evaluation Criteria In Solid Tumors (RECIST) version
1.1 was employed. This included categorizing responses
into complete response (CR), partial response (PR), stable
disease (SD), and progressive disease (PD). Treatment
outcomes classified as CR, PR, or SD were considered
effective, while PD was indicative of ineffective treatment.

© Translational Lung Cancer Research. All rights reserved.

1267

Statistical analysis

Treatment efficacy was assessed using the #-test across
patient cohorts and subgroups. The median value divided
observations into higher and lower groups. Median survival
time was determined via the Kaplan-Meier method, with
survival distributions compared using the log-rank test.
Receiver operating characteristic (ROC) curves were used
to test the sensitivity. A univariate Cox proportional hazards
regression model was employed to evaluate individual
variables’ influence on PFS, showing hazard ratio (HR)
with 95% confidence interval (CI) without adjusting for
selected factors. Analyses were bidirectional, with P values
<0.05 indicating significance. Data analysis used R version
4.0.3 software (https://www.r-project.org/), unless specified.
Survival curves and violin plots were created using Prism

GraphPad Software 8.0 (San Diego, CA, USA).

Results
Patient characteristics

A total of 146 patients diagnosed with advanced lung
cancer were enrolled in this study. The baseline clinical
and pathological characteristics of the patients are
summarized in Table 1. These details, including gender,
age, histological type, receipt of combination therapy, and
administration of PD-L1 or programmed death 1 (PD-1)
inhibitors, were presented as counts and percentages. These
baseline features were utilized as covariates in subsequent
correlation analyses. Of the enrolled patients, 10 presented
with atypical pathological results, divergent from common
classifications such as squamous, adenocarcinoma, or
small cell carcinoma. These included 3 cases of large cell
neuroendocrine carcinoma, 2 of adenocarcinoma combined
with sarcomatoid carcinoma, 1 adenoid cystic carcinoma,
and 4 with unspecified pathology. Data from these ten
patients were excluded from statistical analyses pertinent
to histological subtypes. Importantly, the study period did
not record any patient deaths, thereby concentrating on the
short-term outcomes post-treatment.

Correlation between lymphocyte subsets and the efficacy of
ICIs

The findings demonstrated that a higher levels of CD3"
CDS8" cells within the lymphocyte population was associated
with diminished immunotherapy efficacy. Conversely, a
lower levels of CD3*CD8" T cells correlated with improved
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Figure 1 The correlation between lymphocyte subsets and the efficacy of ICIs. (A) The correlation between baseline CD3*CD8" (Tc/Ts
cells) cell levels and immunotherapy response in 146 participants with lung cancer before initial treatment. (B) The correlation between
baseline CD4'/CD8" ratio and immunotherapy response in participants before initial treatment. (C) The ROC curves of CD3'CD8" cell
baseline levels in overall efficacy prediction. (D) The ROC curves of CD4"/CD8" ratio in overall efficacy prediction. *, P<0.05; **, P<0.01.
Te/ T, cytotoxic and suppressor T; ROC, receiver operating characteristic; ICI, immune checkpoint inhibitor.

treatment response, exhibiting a significant negative
correlation with short-term efficacy (P=0.004, Figure 1A).
Additionally, a higher CD4"/CDS8" ratio was found to be
significantly associated with enhanced immunotherapy
efficacy (P=0.02, Figure 1B). However, no significant
associations were identified between other lymphocyte
subsets, including NK cells, B cells, total T lymphocytes,
Th cells, and immunotherapy efficacy in the overall
analysis. Additionally, the ROC analysis demonstrated that
the baseline levels of CD3"CD8" cells and the CD4"/CD8"
ratio were predictive of immunotherapy efficacy, with area
under the curve (AUC) values of 0.64 (P=0.004, Figure 1C)
and 0.63 (P=0.006, Figure 1D), respectively.

Differential analysis of patients receiving anti-PD-L1/
anti-PD-1 drugs and lymphocyte subsets

This study further conducted a detailed analysis of
lymphocyte subset distribution in patients receiving

© Translational Lung Cancer Research. All rights reserved.

treatment with anti-PD-L1 or anti-PD-1 drugs. In
our sample, 56 patients received PD-L1 drug therapy
(atezolizumab: 18 patients, durvalumab: 33 patients,
avelumab: 5 patients), accounting for 38.36% of the
total sample. Additionally, 90 patients received PD-1
drug therapy (pembrolizumab: 21 patients, nivolumab:
3 patients, cemiplimab: 4 patients, toripalimab: 24 patients,
sintilimab: 38 patients), accounting for 61.64% of the
total sample. Statistical analysis revealed no significant
correlation between the efficacy of PD-1 drugs and the
cellular distribution of lymphocyte subsets. No statistically
significant associations were observed between any
indicators and the immunotherapy efficacy. However, in
patients receiving anti-PD-L1 drug therapy, our analysis
revealed a correlation between lower CD3'CD8" T cell
levels (P=0.002, Figure 24) and a higher CD4"/CD8" ratio
(P=0.04, Figure 2B) with better treatment efficacy. The ROC
curves demonstrate that in patients receiving anti-PD-L1
drug treatment, the AUC areas for baseline CD3"CD8"
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Figure 2 The analysis of patients receiving anti-PD-L1 drugs and lymphocyte subsets. (A) The correlation between baseline CD3*CD8" (Te/
Ts cells) cell levels and immunotherapy response in lung cancer participants receiving anti-PD-L1 drugs before initial treatment. (B) The
correlation between baseline CD4/CD8" ratio and immunotherapy response in lung cancer participants receiving anti-PD-L1 drugs before
initial treatment. (C) The ROC curves of CD3*CD8" cell baseline levels in patients receiving anti-PD-L1 drug treatment. (D) The ROC
curves of CD4'/CD8" ratio in patients receiving anti-PD-L1 drug treatment. *, P<0.05; **, P<0.01. Tc/T5, cytotoxic and suppressor T; ROC,

receiver operating characteristic.

cells and CD4"/CD8" ratio are 0.73 (P=0.003, Figure 2C)
and 0.67 (P=0.03, Figure 2D), respectively. No significant
trends were observed between the proportions of other
lymphocyte subsets and treatment efficacy. Furthermore,
we conducted a separate analysis focusing on the used PD-
L1 inhibitor, durvalumab (33 patients), and found a more
significant correlation between lower CD3"'CD8" T cell
levels and better treatment efficacy (P<0.0001, Figure S1).

Correlation between pathological types and lymphocyte

subsets

Comprehensive subgroup analyses were performed to
explore the relationship between lymphocyte subsets and
treatment efficacy across three histological types of lung
cancer: squamous cell carcinoma, adenocarcinoma, and
small cell carcinoma. In squamous cell carcinoma patients,

© Translational Lung Cancer Research. All rights reserved.

a lower level of CD3"CD8" T lymphocytes (P=0.01,
Figure S2A) and a higher CD4*/CD8" T cell ratio were
associated with treatment efficacy (P=0.02, Figure S2A).
In addition, in small cell carcinoma patients, the difference
in treatment efficacy was more pronounced with lower
levels of CD3"CD8" T lymphocytes (P=0.009, Figure S2B).
However, for adenocarcinoma patients, we did not observe
a significant association between lymphocyte subset
proportions and treatment efficacy (Figure S2C). An
integration of the three histological types and CD3"CD8"
T lymphocyte levels was performed (Figure 34). ROC
working curves show that the baseline levels of CD3*CDS8"
cells predict the efficacy of immunotherapy in small cell
carcinoma, squamous cell carcinoma, and adenocarcinoma
with AUC values of 0.75 (P=0.008, Figure 3B), 0.70
(P=0.050, Figure 3C), and 0.51 (P=0.90, Figure 3D),

respectively.
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Figure 3 The relationship between CD3"CD8" T lymphocytes and immune therapy responses in different pathological subtypes. (A) The
relationship between baseline levels of CD3"CD8" T cells and immunotherapy efficacy is demonstrated for three types of lung cancer:
squamous cell carcinoma, adenocarcinoma, and small cell carcinoma. (B) The ROC curve of baseline levels of CD3*CD8" cells in small cell
carcinoma. (C) The ROC curve of baseline levels of CD3"CD8" cells in squamous cell carcinoma patients. (D) The ROC curve of baseline

levels of CD3°CD8" cells in adenocarcinoma patients. *, P<0.05; **, P<0.01. ns, no significance; ROC, receiver operating characteristic.

Correlation between age and prediction of lymphocyte
subset efficacy

Given that the human immune status is influenced by a
multitude of factors, including age and gender, this study
sought to elucidate the relationship between the proportions
of lymphocyte subsets and immunotherapy efficacy across
different age cohorts. The analysis was conducted on both
older (=60 years) and younger (<60 years) patient groups
within the cohort of 146 individuals.

We found a significant statistical association between
higher levels of CD3°CD4" T lymphocytes (P=0.03) and
lower levels of CD3"CD8" T lymphocytes (P=0.006) and
treatment efficacy in patients younger than 60 years. The
results indicated that patients with a relatively higher CD4"/
CDS8" ratio demonstrated better treatment efficacy (P=0.006)
(Figure 44). Creating ROC curves, the predictive values
for treatment efficacy of CD3"CD4" T lymphocyte levels,

© Translational Lung Cancer Research. All rights reserved.

CD3"CD8" T lymphocyte levels, and CD4"/CDS8" ratio
in the group aged less than 60 years were 0.66 (P=0.02,
Figure 4B), 0.69 (P=0.008, Figure 4C), and 0.71 (P=0.003,
Figure 4D), respectively. Conversely, in the cohort of
patients aged 60 years or older, the analysis did not reveal
any significant correlations between lymphocyte subset
distributions and treatment efficacy.

Prediction of PFS of ICIs treatment by lympbocyte subsets

This study evaluated the prognostic significance of various
lymphocyte subsets in lung cancer patients receiving ICI
therapy, as determined by peripheral blood lymphocyte
analyses. In the context of survival analysis, a HR of less
than 1 is indicative of a protective factor, suggesting
that patients with higher frequency values of specific
lymphocyte subsets may experience extended PFS. Our
findings revealed a significant correlation between the
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Figure 4 The correlation between age and prediction of lymphocyte subset efficacy. (A) The relationship between baseline lymphocyte
subset levels and treatment efficacy in lung cancer patients younger than 60 years old. (B) The ROC curve of baseline levels of CD3*CD4"
cells in patients under 60 years of age. (C) The ROC curve of baseline levels of CD3"CDS8" cells in patients under 60 years of age. (D) The
ROC curve of CD4"/CD8" ratio in patients under 60 years of age. *, P<0.05; **, P<0.01. ROC, receiver operating characteristic.

frequency values of peripheral blood CD3"CD4" T cells
and CD3"CD8" T cells and the PFS of patients undergoing
immunotherapy. However, for other lymphocyte subsets, no
statistical differences in PFS were observed (as illustrated
in the forest plot, Figure 5A). The Kaplan-Meier survival
curve analysis underscored the relationship between the
frequency values of CD3°CD4" T cells and PFS. According
to the log-rank test, the median PFS was markedly different
between groups, being 145 days in the lower CD3°'CD4" T
cell group versus 230 days in the higher CD3"CD4" T cell
group (HR =0.50, P=0.006, Figure 5B). Similarly, the median
PFS was 203 days for patients with lower CD3"CD8" T cell
levels, compared to 146 days for those with higher levels
(HR =1.78, P=0.02, Figure 5C). The Kaplan-Meier survival
curve analysis also examined the relationship between
the CD4"/CD8" cell ratio and PFS. In this analysis, the
median PFS was 154 days in the group with a lower CD4"/
CDS8" ratio and 193 days in the group with a higher ratio.
Although a trend towards separation between the two
survival curves was observed, the difference did not reach

© Translational Lung Cancer Research. All rights reserved.

statistical significance (HR =0.70, P=0.18, Figure 5D).

Discussion

The advent of immunotherapy has markedly enhanced
survival outcomes for lung cancer patients. Nonetheless,
the accurate prediction of immunotherapy efficacy
remains an intricate challenge. Identifying the specific
patient demographics that would most benefit from
immunotherapy is critically important for optimizing
clinical outcomes (14). Currently, the primary biomarkers
employed for predicting the response to ICIs in lung cancer
include PD-L1 expression and tumor mutational burden
(TMB) (15). However, it is noteworthy that these markers
have not demonstrated significant predictive value in lung
cancer trials involving immunotherapy (16,17).
Nevertheless, the assessment of immunotherapy efficacy
poses certain challenges due to the dynamic nature of PD-
L1 expression during invasive procedures like pathological
biopsies, as well as the spatial heterogeneity within
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Correlation between frequency values of peripheral blood lymphocyte subsets and immunotherapy and PFS. (B) Kaplan-Meier survival

curve analysis showing the relationship between frequency values of CD3'CD4" T cells and PFS. (C) Demonstrates the relationship between
frequency values of CD3"CD8" T cells and PFS. (D) Shows the relationship between CD4'/CD8" ratio and PFS. HR, hazard ratio; CI,

confidence interval; PFS, progression-free survival.

tumors (18). Consequently, the exploration of dynamic
and non-invasive biomarkers capable of monitoring the
therapeutic response to immunotherapy holds significant
clinical value (19,20). In this context, the analysis of
peripheral blood lymphocyte subsets has emerged as a
particularly promising approach. This method offers a
non-invasive alternative for evaluating patients undergoing
ICI treatment, potentially providing valuable insights into
their therapeutic response and aiding in the more precise
tailoring of immunotherapy strategies.

Lymphocyte subsets play a critical role in both
the initiation and progression of cancer (21). Among
peripheral blood T lymphocytes, CD4" T cells and CD8"
T cells are pivotal. CD4" T cells are instrumental in
enhancing antibody production by B cells and regulating
immune responses mediated by other T cells. On the
other hand, CD8" T cells possess cytotoxic abilities and
serve as effector cells for cell-mediated cytotoxicity.
The homeostatic balance between these subsets is
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essential for sustaining a robust immune response. A
decrease in the CD4"/CD8" ratio often indicates an
immunosuppressive state, typically seen in cancer patients,
where cellular immune function is compromised, reducing
the body’s ability to recognize and eliminate mutated
cells (22). In our study, a positive correlation was observed
between higher CD4"/CDS8" ratios and enhanced efficacy
of immunotherapy. This finding highlights the significant
impact of both cellular and humoral immunity on the
outcomes of immunotherapy treatments. Furthermore,
CD8" T cells can be subdivided into distinct subsets based
on CD28 expression, which either positively or negatively
regulates the immune response. An increase in CD8'CD28"
or CD8'CD28" cells is associated with impaired immune
function (23,24). Notably, elevated levels of CD8"'CD28"
T cells have been identified as an independent predictor of
OS in lung cancer patients (25). Our findings reinforce the
link between a patient’s immune status and their response
to IClIs, as evidenced by the reduced efficacy of ICIs in
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patients with higher levels of CD8" T lymphocytes.

The tumor immune microenvironment is intricately
linked with both the genetic background and molecular
pathological characteristics of tumors (25). Clinical studies
have demonstrated notable variations in the therapeutic
efficacy of ICIs across different histological types of lung
cancer (26,27). This variation implies that tumors of
distinct pathological types possess significant differences
in their immune microenvironments, which in turn are
associated with variations in peripheral blood lymphocyte
subpopulations (28). Our study identified a correlation
between lower levels of CD3*CD8" T lymphocytes and
improved efficacy of ICIs in patients with squamous
cell carcinoma. However, such a relationship between
lymphocyte subpopulations and treatment efficacy was
not observed in patients with adenocarcinoma. Thus, it
appears that the effectiveness of ICls is linked not only to
the overall immune status but also to the specific immune
microenvironment within the tumor tissue (29). A large-
scale phase III study suggests a notable distinction in PD-
L1 expression patterns between non-small cell lung cancer
(NSCLC) and small cell lung cancer (SCLC), with PD-
L1 expression more prevalent on IC rather than TC in
SCLC (5). Tumors displaying PD-L1 expression
on both TC and IC exhibit distinct histological and
molecular profiles. Importantly, ICs are crucial in
modulating T cell responses, independent of TC
PD-L1 expression (30). Additionally, circulating
lymphocytes are pivotal in mediating sustained anti-
tumor responses. Research on T-cell dynamics reveals
that CD8" T cells can proliferate and evolve into cytotoxic
T lymphocytes (CTLs), which then migrate towards
tumor sites through the peripheral bloodstream (31-33).
These insights may elucidate the observed enhanced
sensitivity of lymphocyte levels in predicting the efficacy
of immunotherapy in SCLC in our study. Consequently,
this suggests that the prognostic value of peripheral blood
T cells in patients with advanced lung cancer may differ
according to their histological type.

With advancing age, the human immune system
experiences a progressive decline, particularly marked by
a significant reduction in both the number and function
of lymphocytes after the age of 60 years (34-36). This
decline is partly attributed to the thymus, the primary organ
responsible for T cell differentiation, development, and
maturation, as its function diminishes with age, leading to
a decrease in T cell production (37). Concurrently, aging
is associated with an increase in the senescent phenotype
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of peripheral T cells and a rise in the secretion of pro-
inflammatory factors (38). Aging-induced metabolic
disorders in T cells disrupt pro-inflammatory pathways,
potentially impacting the efficacy of treatments (39).
Despite the general decline in immune function observed
in the elderly, immunotherapy has been shown to remain
effective in older cancer patients (40). However, our study
revealed no significant correlation between lymphocyte
subpopulations and the efficacy of immunotherapy in
patients over the age of 60 years. This finding suggests
that in elderly patients, who generally possess a weakened
immune state, the efficacy of ICIs may not be determined
solely by their immune status. Instead, it might be more
closely associated with the molecular characteristics and the
specific microenvironment of the tumor.

This study observed that patients with higher levels of
CD4" T cells in peripheral blood experienced significantly
prolonged PFS. While a similar trend of extended PFS
was noted in patients with higher CD4"/CD8" ratios, this
observation did not reach statistical significance. In contrast,
an inverse relationship was identified between high levels
of CD8" T cells in peripheral blood and longer PFS. These
data are consistent with a previous report by Li er al. (10).
Furthermore, Li er 2l. demonstrated in their study that
peripheral CD4" T lymphocytes and the CD4"/CD8" ratio
were prognostic factors for therapeutic efficacy in breast
cancer patients receiving chemotherapy combined with
ICIs (11). This suggests that lymphocyte subpopulations can
serve as potential biomarkers for predicting the efficacy of
immune therapy. However, this study also found a positive
correlation between lower levels of CD8" and longer PFS,
which may be related to the expression of various molecular
markers associated with T cell exhaustion (PD-1, CTLA-4,
2B4, CD160) and T cell senescence (CD57, lack of CD28),
thereby affecting the efficacy of immune therapy (41). In
addition, we suggest that lower peripheral CD8" T cell
counts may reflect a more “primed” immune system that is
potentially more responsive to further activation by ICIs.
This could be due to the migration of activated CD8" T
cells from the periphery into the tumor site, a process which
ICIs could potentially enhance. Clearly, this area requires
further investigation to fully understand the mechanisms
behind these observations.

In this retrospective study, we analyzed 146 advanced
lung cancer patients who underwent ICI treatment. We
collected baseline data on lymphocyte subpopulations
and clinical information. Through subgroup analyses,
we investigated the predictive role and PFS relevance
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of differences in the levels of lymphocyte subsets across
pathology types, age groups, and immunotherapy drugs.
Our findings suggest that lymphocyte status and the efficacy
of immunotherapy differ significantly in these subgroups.
This highlights the substantial individual variability in
lymphocyte subpopulations and underscores the necessity of
tailoring immunotherapy based on diverse immune states.
Notably, certain lymphocyte subpopulations were found to
be effective predictors of PFS in immunotherapy, suggesting
the potential clinical value of non-invasive peripheral blood
sampling for predicting treatment outcomes (42). This
could lead to more personalized and effective treatment
strategies for lung cancer patients, ensuring that patients
receive the most suitable immunotherapeutic interventions
based on their unique immunological landscape.

Conclusions

This study substantiates the role of CD3°CD8" and
CD3"CD#4" T lymphocytes in peripheral blood as predictive
biomarkers for the efficacy of ICIs in advanced lung cancer.
Our findings reveal significant variability in lymphocyte
subpopulations across diverse patient groups, underlining
the necessity for personalized immunotherapy approaches.
The use of peripheral blood lymphocyte subsets as non-
invasive biomarkers holds promise for enhancing the
prediction and efficacy of immunotherapy in lung cancer.

However, it is important to recognize the limitations
of our study, including its retrospective nature and the
focus on short-term outcomes such as PFS, without a
comprehensive analysis of OS. Additionally, the absence
of detailed subgroup analysis and subclonal lymphocyte
analysis suggests a direction for future research. Therefore,
we advocate for prospective, large-scale clinical studies
to delve deeper into the functions and mechanisms of
lymphocyte subclones in immunotherapy. Such studies
could further refine our understanding and enhance the
clinical application of lymphocyte subpopulations, paving
the way for advancements in cancer immunotherapy.
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