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Background: Recent studies have shown that immune checkpoint inhibitors (ICIs) targeting programmed
cell death-ligand 1 (PD-L1) have potential benefits in patients with non-small cell lung cancer (NSCLC)
subgroups, while the clinicopathological characteristics associated with PD-L1 expression have not been well
established. The purpose of this study was to detect the expression level of PD-L1 in tumor tissues of patients
with advanced lung adenocarcinoma (ADC) and analyze its possible relationship with clinicopathological
characteristics, so as to identify the predictors of PD-L1 expression.

Methods: This retrospective study was conducted by analyzing the clinicopathological and imaging
characteristics of hospitalized advanced lung ADC patients with PD-L1 available data and admitted to
the respiratory department of our hospital. The expression level of PD-L1 in fresh-frozen tumor tissue
samples of 136 advanced ADC patients was analyzed by immunohistochemistry. The patients were divided
into positive and negative groups based on a cut-off of 1% PD-L1 expression level. Subsequently, the
significant correlation between PD-L1 levels and clinicopathological features were evaluated. The predictive
performance of clinicopathological characteristics on PD-L1 expression was evaluated and the optimal cut-
off values were identified by plotting the receiver operating characteristic (ROC) curve.

Results: The expression level of PD-L1 was related to sex, clinical stage, serum carcinoembryonic antigen
(CEA), neuron specific enolase (NSE), white blood cell (WBC), and tumor (T) and metastasis (M) stage.
Multivariate logistic regression analysis showed the CEA, NSE, T stage, and WBC were independent predictors
of PD-L1 positive expression in lung ADC patients. The ROC curve suggested the model combining CEA with
NSE [area under the curve (AUC) =0.815] could better predict the expression levels of PD-L1. The optimal cut-
off values for identifying advanced lung ADC patents with PD-L1 positive were CEA <13.38 ng/mL and NSE
<42.35 ng/mL, with sensitivity and specificity of 85.4% and 55.6%, and 92.7% and 32.1%, respectively.
Conclusions: Some commonly used clinicopathological features are related to the histological expression of
PD-L1. The serum CEA, NSE, T stage, and WBC values can be used as indicators to predict the expression level
of PD-L1 in advanced lung ADC, and are used as predictors to evaluate the efficacy of ICIs before treatment.
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Introduction

Lung cancer is the leading cause of cancer-related deaths
globally (1,2). Among them, non-small cell lung cancer
(NSCLC) is the most common histological type, accounting
for more than 85% of the total number of patients (3,4),
among which adenocarcinoma (ADC) accounts for nearly
60% of all NSCLC, making it the most common subtype
of NSCLC. The vast majority of lung cancer patients are
already in a locally advanced stage or with concurrent
metastatic lesions at the time of diagnosis (5), thus losing the
best opportunity for surgical resection. In the past several
decades, despite significant breakthroughs of chemotherapy
or targeted therapy against angiogenesis in the field of lung
cancer (6), up to 90% of patients will inevitably relapse with
a 5S-year survival benefit of less than 20% (7).

With the application of immune checkpoint inhibitors
(ICIs) targeting programmed cell death protein-1/
programmed cell death-ligand 1 (PD-1/PD-L1), the
therapeutic barriers of NSCLC have been greatly improved.
Furthermore, there have been a large number of clinical
trials confirming the effectiveness of ICIs (8-11). However,
only a few subsets of patients can benefit from ICIs, which
significantly limits its clinical applicability (12). Therefore,
it is of great importance to develop biomarkers that can
predict the therapeutic efficacy of ICIs in patients with
advanced ADC, so as to accurately implement a therapeutic
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intervention.

PD-L1 expression and tumor mutation burden (TMB)
have been explored as the most important predictors of
clinical benefits in tumor histology for selecting NSCLC
candidates suitable for immunotherapy (13-16). However,
the detection of these biomarkers always requires an
invasive procedure. Pathological detection can only be
carried out to determine the expression levels of PD-L1 by
obtaining pathological specimens through various biopsy
methods, and sometimes even more complex and expensive
measurement methods, such as next generation sequencing
(NGS) (17,18). NGS has emerged as a molecular target
detection technology in recent years, which can be used in
the diagnostic process of tumor samples from advanced lung
cancer patients. It is the most effective method for standard-
of-care test and ideal actionable driving factor mutations
and gene fusion (19). However, due to economic barriers
and limited access to this new technology, the popularity
of this detection method is relatively low. Therefore, a
non-invasive and relatively low-cost method that produces
sensitive and accurate predictors are urgently needed to
estimate the expression levels of PD-L1.

It is reported that serum tumor markers (STMs) such
as carcinoembryonic antigen (CEA), neuron specific
enolase (NSE), and cytokeratin 19 fragment (CY21-1)
have been widely used as predictors to reflect the efficacy
of chemotherapy or targeted therapy in NSCLC patients
(20-22) and may be related to the prognosis of NSCLC
patients (23-25). However, few studies have been reported
on biomarkers that can be used to predict the expression
of PD-L1 in tumor tissues. According to the literature,
only three studies (26-28) (Table 1) have reported the
correlation between serum STMs concentration and PD-
L1 expression; however, their results have not reached a
consensus. Additionally, the study of combining several
STMs to evaluate the expression of PD-L1 has also not
been reported.

Sarcopenia, characterized by a decrease of muscle mass
and strength, is one of the signs of cancer (29). This is a
recognized prognostic factor associated with poor prognosis
of several cancers, including lung cancer (30,31), and
survival (32). Furthermore, it shows a negative impact on
most clinical outcomes of cancers. Skeletal muscle index
(SMI) is a surrogate indicator for skeletal muscle quality
evaluation based on cross-sectional images acquired by
computed tomography (CT) scanning, which has been
regarded as one of the diagnostic criteria of sarcopenia (33).
SMI has been also proven to be a prognostic and predictive
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Table 1 Literatures about the relationship between serum STMs and PD-L1 expression

STMs significantly related

Other clinicopathological factors related to PD-L1

Study No. of patients Histology to PD-L1 expression expression

Kato et al. (26) 106 ADC and SCC CEA Nodal metastasis and sample preservation time

Sun et al. (27) 390 ADC and SCC None Radiomics signature, histologic type, and histologic
grade

Yang et al. (28) 163 ADC None Higher grade differentiation and vascular invasion

STMs, serum tumor markers; PD-L1, programmed cell death-ligand 1; ADC, adenocarcinoma; SCC, squamous cell carcinoma; CEA,

carcinoembryonic antigen.

parameter for cancer patients (34).

In addition, the value of SMI in predicting the
therapeutic effect of ICIs has also been confirmed. Wang
et al. (35) found that the survival period of melanoma patients
with sarcopenia who received anti-PD-(L)1 treatment was
shorter. Li ez al. (36) confirmed that the decrease of SMI was
related to the shorter progression free survival and lower
disease control rate of NSCLC receiving IClIs.

In view of the significance of SMI in the prognosis
evaluation of NSCLC patients as well as the prediction
of the therapeutic efficacy of ICIs, it was believed that it
is valuable to confirm the relationship between SMI and
PD-L1 expression. Furthermore, in this study it was also
discussed the demographic parameters, including age, sex,
body mass index (BMI), serum biochemical indicators,
tumor-node-metastasis (INM) stage, and the clinical and
pathological data to further characterize the factors related
to the expression of PD-L1 in the histopathological analysis
of lung cancer in order to provide better treatment options
for patients with NSCLC, especially during the late stages.
We present this article in accordance with the TRIPOD
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-23-523/rc).

Methods
Study design and patient selection

The clinical data of all advanced NSCLC patients with
successful PD-L1 expression assessment was reviewed at
the First Affiliated Hospital of Xi’an Jiaotong University
in from May, 2018 to December, 2021. In view of the high
prevalence, the histological type included in the study
was ADC. A total of 136 patients were identified, and
their clinicopathological characteristics were compared
among different PD-L1 expression cohorts. The baseline
clinicopathological covariates including age, sex, BMI,
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and clinical stage were collected from all consecutive
participants. Routine blood test, biochemical test including
serum albumin (Alb), lactic dehydrogenase (LDH),
blood urea nitrogen (BUN), creatinine (Cr), SMI, and
skeletal muscle density (SMD) were assessed by chest
CT were routinely recorded within 48 hours upon first
admission. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study was
approved by the Medical Ethics Review Committee of the
First Affiliated Hospital of Xi’an Jiaotong University (No.
XJTU1AF2021LSK-339). Written informed consent was
waived due to retrospective nature of this study.

Detection of PD-L1 expression status

The biopsy or surgical specimens were formalin-
fixed and paraffin-embedded. The lung tumors were
sectioned for microscopic examination and stained
with hematoxylin and eosin. Histological diagnosis and
pathological characteristics, including histological type and
differentiation degree, were recorded.

PD-L1 positive tumor cells were defined as complete or
partial membrane staining. The staining of the cytoplasm
and tumor related immune cells (such as macrophages) was
excluded (37). Finally, the tumor proportion score (TPS) was
calculated based on the percentage of PD-L1 positive tumor
cells divided by the total tumor cells. Based on PD-L1 TPS,
PD-L1 expression status was divided into positive and negative
groups (21% vs. <1%; TPS 1-49% and >50% represented
PD-L1" low and PD-L1" high expression, respectively) (38).
Additionally, an immunohistochemistry assay was performed
via the Ventana platform using a SP 263 antibody.

Statistical analysis

Quantitative variables are expressed as mean = standard
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deviation (SD) or median [interquartile range (IQR)].
The qualitative variables are summarized as numbers
and percentages. The normality of quantitative data was
estimated using histograms and the Shapiro-Wilk test.
Differences among continuous variables with normal
distributions were tested by independent sample #-tests,
and differences for non-normal continuous variables
were tested by Mann-Whitney U test. A Fisher’s exact
test or a Chi-square test was used to test the differences
of categorical variables. In addition, the variables with P
value <0.05 in the univariate analysis were further included
for multivariate logistic regression analysis. A multivariate
logistic regression model was constructed via a backward
method analysis to evaluate the independent influencing
factors of PD-L1. Finally, PD-L1 was divided into positive
and negative groups based on the threshold of 1%. The
detection efficiency and optimal cut-off value of STMs
used to predict the expression of PD-L1 were estimated by
plotting the receiver operating characteristic (ROC) curve
and calculating the area under the curve (AUC). A P value
<0.05 to indicate test results with statistical significance,
and all statistical tests were bilateral. R version 4.0.2 (R
Foundation for Statistical Computing, Vienna, Austria) and
IBM SPSS software version 25.0 (IBM Corp., Armonk, NY,

USA) were used to perform statistical analysis.

Results
Patient’s characteristics

The main clinical characteristics of all subjects at baseline
are shown in 7zble 2. One hundred and thirty-six advanced
ADC (stage III-IV) patients were enrolled in the study.
According to the eighth edition of the TNM classification
of lung cancer of the International Lung Cancer Research
Association (39), 19.9% were stage III, and the remaining
80.1% were stage IV. The median level of STMs at baseline
was 7.36 ng/mL for CEA (IQR, 3.73-35.49 ng/mL),
19.40 ng/mL for NSE (IQR, 14.36-38.39 ng/mL), and
6.20 ng/mL for CY21-1 (IQR, 2.82-14.80 ng/mL).

Clinicopatbologic correlates of PD-L1 expression

The included patients were divided into the following two
categories according to the PD-L1 expression level: PD-
L1 negative with a TPS <1% (n=81, 59.6%), and PD-
L1 positive with a TPS >1% (n=55, 40.4%) (Table 3).
Compared to the negative group, the proportion of male
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patients in the PD-L1 positive group was higher (76.4%
vs. 56.8%, P=0.019), and more commonly diagnosed at
earlier stages (stage IV: 67.3% vs. 88.9%, P=0.002). STMs
expression levels such as CEA (4.28 vs. 15.28 ng/mL,
P<0.001) and NSE (17.30 vs. 22.18 ng/mL, P=0.001) were
lower in the positive group. The increase of white blood
cell (WBC) was also correlated with the high expression of
PD-L1 (8.40x10°/L vs. 6.40x10°/L, P<0.001). There was
no significant difference in age, BMI, Alb, LDH, BUN,
Cr, CY21-1, and neutrophil to lymphocyte ratio (NLR)
between the two groups (all P>0.05). Surprisingly, although
SMI was higher in the PD-L1 negative group, there was no
statistical difference between the two groups (Figure I).

Evaluation of STM model performance in predicting PD-

L1 expression status

The STM values were evaluated in the PD-L1 cohort to
distinguish the PD-L1 positive (PD-L1 TPS >1%) from the
negative (PD-L1 TPS <1%) patients. Moreover, the binary
task of distinguishing PD-L1 positive from the negative
group, the AUCs of CEA, NSE, and their combined
model were 0.772 [95% confidence interval (CI): 0.694—
0.849], 0.662 (95% CI: 0.570-0.754) and 0.815 (95% CI:
0.745-0.884), respectively. The optimal cut-off values for
identifying ADC patients with PD-L1 positive were CEA
<13.38 ng/mL and NSE <42.35 ng/mL, with sensitivity
and specificity of 85.4% and 55.6%, and 92.7% and 32.1%,
respectively (Figure 2).

Multivariate analysis and corrvelation between PD-L1 and
clinical characteristics

We selected the variables with P<0.05 in the univariate
analysis and then included them in the multivariate logistic
regression analysis to further explore the predictive factors
of PD-L1 positive expression. The results showed CEA
[odds ratio (OR) =0.954; 95% CI: 0.928-0.982; P=0.001],
NSE (OR =0.993; 95% CI: 0.987-0.999; P=0.016), T stage
(OR =0.559; 95% CI: 0.377-0.827; P=0.004), and WBC
(OR =1.180; 95% CI: 1.013-1.374; P=0.033) were all
significantly correlated with PD-L1 (Table 4).

Discussion

In recent years, the ICIs, such as PD-1/PD-L1 inhibitors,
have been widely used in the treatment of advanced
cancer. PD-L1 expression has been found to predict the
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Table 2 Clinicopathological characteristics of the enrolled population

Characteristics Values
Age (years) 65.43+9.01
Sex
Female 48 (35.3)
Male 88 (64.7)
BMI (kg/m?)
Female 22.94+3.75
Male 22.54+3.36
WBC (x10%/L) 7.25 (5.70-9.42)

Neutrophils (x10%L)
Lymphocytes (x10%L)
NLR
BUN/Cr
Alb (g/L)
LDH (U/L)
T12 SMD (HU)
SMI
Clinical stage
1l
\Y
PD-LA1
<1%
>1%
CEA (ng/mL)
NSE (ng/mL)

CY21-1 (ng/mL)

4.75 (3.60-6.50)
1.56+0.59
3.10 (2.19-4.98)
88.40+23.45
38.26+4.87
230.60 (178.55-349.05)
47.71+11.53

1,095.17+284.66

27 (19.9)

109 (80.1)

81 (59.6)
55 (40.4)
7.36 (3.73-35.49)
19.40 (14.36-38.39)

6.20 (2.82-14.80)

Stage
T
1 26 (19.1)
2 34 (25.0)
3 23 (16.9)
4 53 (39.0)
Table 2 (continued)
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Table 2 (continued)

Characteristics Values
N
0 22 (16.2)
1 7 (5.1)
2 51 (37.5)
3 56 (41.2)
M
0 27 (19.9)
1 109 (80.1)

Data are presented as mean + SD, median (25-75th percentiles),
or n (%). BMI, body mass index; WBC, white blood cell; NLR,
neutrophil to lymphocyte ratio; BUN, blood urea nitrogen; Cr,
creatinine; Alb, albumin; LDH, lactic dehydrogenase; T12 SMD,
skeletal muscle density at the level of the T12; SMI, skeletal
muscle index; PD-L1, programmed cell death-ligand 1; CEA,
carcinoembryonic antigen; NSE, neuron specific enolase; CY21-
1, cytokeratin 19 fragment; T, tumor; N, node; M, metastasis;
SD, standard deviation.

efficacy of immunotherapy and poor prognosis in patients
with advanced NSCLC used as a critical biomarker for
identifying patients more suitable for ICI treatment (40). It
is essential to quantify the expression of PD-L1 accurately
and rapidly in order to further guide clinical decision-
making. However, the dynamic changes in the proportion
of tumor cells expressing PD-L1, and the nature of invasive
tissue/biopsy limits the applicability of PD-L1 detection
compared with hematology-based assays. Therefore, a non-
invasive, accurate and reliable method is needed to evaluate
the status of PD-L1.

In this study, we evaluated the baseline demographic data,
routine blood test, serum biochemical indicators, clinical
stage, histological types, and the baseline level of STMs
were measured routinely in clinical practice to explore their
relationship with PD-L1 expression in advanced ADC
patients. We confirmed that sex, clinical stage including T
and M stage, WBC, CEA, and NSE were all significantly
associated with PD-L1 expression in advanced ADC
patients. The following multivariable logistic regression
analysis observed that CEA, NSE, T stage, and WBC could
be used as independent predictors of PD-L1 expression via
histological analysis.

At present, many studies have reported the relationship
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Table 3 Comparison of clinicopathological characteristics between PD-L1 positive and negative groups in ADC patients

PD-L1
Characteristics P value
<1% (n=81) >1% (n=55)
Age (years) 64.73+9.39 66.47+8.37 0.269
Sex 0.019
Female 35 (43.2) 13 (23.6)
Male 46 (56.8) 42 (76.4)
BMI (kg/m?) 23.06+3.54 22.13+3.38 0.128
WBC (x10%/L) 6.40 (5.40-7.95) 8.40 (6.80-10.30) <0.001
Neutrophils (x10%L) 4.60 (3.55-6.25) 5.10 (3.80-6.90) 0.199
Lymphocytes (x10%L) 1.56+0.56 1.57+0.65 0.907
NLR 2.86 (2.10-4.39) 3.31 (2.47-6.21) 0.058
BUN/Cr 85.41+22.43 92.80+24.41 0.071
Alb (g/L) 38.78+4.05 37.50+5.84 0.163
LDH (U/L) 217.10 (178.70-407.25) 230.60 (174.10-312.10) 0.338
T12 SMD (HU) 47.49+11.09 48.04+12.24 0.783
SMI 1,098.50+280.22 1,090.27+293.61 0.869
Clinical stage 0.002
n 9(11.1) 18 (32.7)
\% 72 (88.9) 37 (67.3)
CEA (ng/mL) 15.28 (4.85-81.42) 4.28 (2.12-9.70) <0.001
NSE (ng/mL) 22.18 (15.72-57.45) 17.30 (10.49-23.79) 0.001
CY21-1 (ng/mL) 6.21 (3.26-14.96) 6.20 (2.57-14.92) 0.698
Stage
T 0.002
1 11 (13.6) 15 (27.3)
2 16 (19.8) 18 (32.7)
3 15 (18.5) 8 (14.5)
4 39 (48.1) 14 (25.5)
N 0.056
0 11 (13.6) 11 (20.0)
1 2 (2.5) 5(9.1)
2 30 (37.0) 21(38.2)
3 38 (46.9) 18 (32.7)
M 0.002
0 9 (11.1) 18 (32.7)
1 72 (88.9) 37 (67.3)

Data are presented as mean + SD, median (25-75th percentiles), or n (%). PD-L1, programmed cell death-ligand 1; ADC, adenocarcinoma;
BMI, body mass index; WBC, white blood cell; NLR, neutrophil to lymphocyte ratio; BUN, blood urea nitrogen; Cr, creatinine; Alb, albumin;
LDH, lactic dehydrogenase; T12 SMD, skeletal muscle density at the level of the T12; SMI, skeletal muscle index; CEA, carcinoembryonic
antigen; NSE, neuron specific enolase; CY21-1, cytokeratin 19 fragment; T, tumor; N, node; M, metastasis; SD, standard deviation.
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Figure 1 Representative single-slice chest CT images. Two PD-L1 positive (A) and negative (B) patients were used to calculate SMA

and SMD, respectively. Using computer software to measure the SMA and SMD of manually sketched areas (white line). CT, computed

tomography; PD-L1, programmed cell death-ligand 1; SMA, skeletal muscle cross-sectional area; SMD, skeletal muscle density.
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Figure 2 Diagnostic model for PD-L1 expression based on CEA
and NSE. Performance of different models (CEA, NSE, and the
combined model) based on two serum tumor markers to predict
PD-L1 expression status (21%). CEA, carcinoembryonic antigen;
AUQC, area under the curve; NSE, neuron specific enolase; FPR,
false positive rate; TPR, true positive rate; PD-L1, programmed
cell death-ligand 1.

between various clinicopathological parameters in NSCLC
and the therapeutic efficacy of ICIs (41,42). However, few
studies have been performed to assess the prediction of
PD-L1 expression before therapy (15). In addition, there
were discrepancies of the results between different studies.
Therefore, the evaluation of PD-L1 expression before
immunosuppressive therapy is crucial for the formulation
of therapeutic regimens in NSCLC, especially for patients

© Journal of Thoracic Disease. All rights reserved.

with advanced stage disease.

CEA, a serum glycoprotein, is the most widely used
biomarker of colorectal, breast, and lung cancer (43). In our
study, we found that high serum CEA levels were related to
negative PD-L1 expression, which was consistent with the
results of Kato ez a/. (26); however, they did not verify the
efficiency of CEA in evaluating PD-L1 positive expression,
nor did they identify its optimal cut-off value. NSE is
one of the enolase involved in the glycolysis pathway and
widely exists in nerve and neuroendocrine tissues. NSE
has been found to exist in tumors related to the origin of
neuroendocrine tissues, especially in small cell lung cancer
(SCLC) where there is excessive expression of NSE, leading
to a significant increase in serum levels. The correlation
between NSE and PD-L1 expression has not been reported
yet. In this study, we determined the AUCs produced by
CEA and NSE to identify PD-L1 positive expression reach
0.772 and 0.662, respectively, and the optimal cut-off values
for identifying patients with PD-L1 positive were CEA
<13.38 ng/mL and NSE <42.35 ng/mL, with sensitivity
and specificity of 85.4% and 55.6%, and 92.7% and 32.1%,
respectively.

In addition, we proposed a model where CEA and NSE
were combined to predict PD-L1 expression. Furthermore,
the AUC of the combined model was higher than that
of CEA alone (0.815 vs. 0.772, P=0.135). This is the first
study to report the combination of serum CEA and NSE
to evaluate the expression of PD-L1. In a multivariable
analysis that included the clinicopathological results, it was
further found that serum CEA and NSE were related to
PD-L1 expression status.
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Table 4 Multivariate logistic regression analysis of the predictors for PD-L1 expression

Variables B OR 95% CI P value
Sex 0.277 1.319 0.493-3.528 0.582
Clinical stage 0.510 1.666 0.869-3.194 0.125
CEA -0.047 0.954 0.928-0.982 0.001
NSE -0.007 0.993 0.987-0.999 0.016
T -0.582 0.559 0.377-0.827 0.004
M -1.359 0.257 0.054-1.217 0.087
WBC 0.165 1.180 1.013-1.374 0.033

PD-L1, programmed cell death-ligand 1; B, regression coefficient; OR, odds ratio; Cl, confidence interval; CEA, carcinoembryonic antigen;
NSE, neuron specific enolase; T, tumor; M, metastasis; WBC, white blood cell.

Inflammation is an important part of the tumor
microenvironment, which promotes tumor proliferation,
angiogenesis, metastasis, and adaptive immune system
destruction (44). The degree and extent of inflammation are
related to the prognosis of malignant tumors. Inflammatory
factors can participate in intercellular communication,
thus, leading to excessive tissue remodeling and genetic
and epigenetic alterations by disrupting the regulation
of the immune systems. The combined effects of various
inflammatory conditions increase the risk of cancer and
promote distant metastasis of the tumor (45). A series of
studies have been reported on the correlation between
inflammatory biomarkers and the poor prognosis of
NSCLC patients treated with ICIs (46,47). However, the
study on the association between WBC and PD-L1 has not
been reported; therefore, this is the first study regarding
WBC predicting PD-L1 expression levels, suggesting that
an increase in WBC indicates the positive expression of
PD-L1, which is expected to be an independent predictor of
PD-L1 expression. WBC are primarily involved in systemic
inflammation, while PD-L1 reflects the immune response
state of cancer patients. The mechanism of the relationship
between the two needs further investigation.

Some studies have shown that PD-L1 is a biomarker
indicating a poor prognosis and a low survival rate
in patients with advanced NSCLC (48-50). When
discussing the influence of clinicopathological data on
PD-L1 expression, we were surprised to find that T
and M staging, especially the T stage, were significantly
negatively correlated with PD-L1 levels. A multivariate
logistic regression analysis further confirmed that T stage
could be a predictor of PD-L1 expression, which was
inconsistent with the results of Liu ez 4/. (51). In response
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to this phenomenon, a comprehensive analysis is needed to
consolidate all available data and provide further insights on
this issue.

The inconsistency between the current and previous
research results may be due to the following reasons. First,
the baseline demographic characteristics of the patients
included in these studies are heterogeneous, and the
differential expression of PD-L1 in different histological
types and clinical stages may affect the analysis of clinical
outcomes. Second, the threshold used to characterize PD-
L1 positive expression in different studies was also different.
In some studies, only patients with a percentage of PD-L1
positive tumor cells >50% were analyzed (52,53). Third,
the techniques and protocols used in these studies may also
vary. The impact of cumulative variability of laboratory
techniques in each study during the outcome analysis may
be difficult to estimate and elucidate.

The advantage of this study is that we have identified
the STMs, especially CEA and NSE, as a convenient
and effective method to detect and predict PD-L1 in
ADC patients. We also determined the optimal cut-off
values, and built a model for CEA combined with NSE
to evaluate PD-L1 expression cooperatively, in order to
judge whether ADC may show a positive expression of
PD-L1. Additionally, we found that the T stage and WBC
counts were significantly correlated with the expression of
PD-L1 in advanced ADC patients, which could be used as
independent predictors to indicate the expression of PD-
L1. Currently, the detection of PD-L1 expression is based
on the evaluation of clinical pathological tissues. Because
of the dynamic change and individual heterogeneity
of the value expression, it is difficult to evaluate the
expression level of PD-L1 in all NSCLC patients in a
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typical treatment practice. However, for lung cancer,
especially advanced ADC patients, the early prediction and
evaluation of ICIs treatment effect are necessary, because
anti-PD-L1 immunotherapy will affect the long-term
prognosis and quality of life of patients with advanced lung
cancer (54). Due to this reason, we believe that this paper
has successfully identified a more convenient alternative
to the standard detection method to predict the expression
of PD-L1, ensuring clinicians make an earlier diagnosis
leading to more rapid treatment decisions.

However, this study has several limitations. First of all,
this retrospective study was conducted at a single center,
which may lead to a certain degree of selection bias.
Therefore, multicenter research with larger and more
diverse samples are needed in the future to verify our
results. Second, despite a relatively large number of patients
enrolled in our cohort, considering the high prevalence of
ADC, the scale of this study was still too small. Therefore,
it is necessary to conduct additional research using a large-
scale, prospective, and multi-center design to evaluate the
primary results of this study.

In addition, liquid biopsy, as a diagnostic tool, is becoming
increasingly important in the clinical management of
lung cancer patients (55). It is worth noting that liquid
biopsy-based testing has been proved to be very helpful in
identifying operable tumor markers, especially when tissue
biopsy specimens are insufficient or unavailable. In order
to predict PD-L1 expression in a more non-invasive way
and provide results quickly, we are willing to combine these
haematological assays with liquid biopsy in future research
to avoid invasive methods.

Conclusions

In conclusion, the results of this study support the concept
that STMs, T staging, and WBC are related to PD-
L1 measurements. A simple measurement of the above
indicators can be convenient and valuable biological
indicators for evaluating PD-L1 expression in advanced
ADC patients. Our data also proposes a new strategy for
integrating CEA and NSE and is more predictive of PD-L1
expression in patients with advanced ADC, and emphasizes
their importance as potential predictive biomarkers of PD-
L1 expression before treatment with ICIs. Further research
is needed to evaluate the role of these markers in different
clinical and pathological characteristics and even in
combination with some techniques such as liquid biopsy, in
larger multicenter patient populations, in order to provide a
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more powerful theoretical basis for the evaluation of PD-L1
expression.
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