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Abstract: Objective: To investigate the clinical value of serum tumor markers - carcinoembryonic antigen (CEA), en-
dothelial cell-specific molecule-1 (ESM-1), neuron-specific enolase (NSE), and cytokeratin 19 fragment (CYFRA21-1)
-in the diagnosis of lung cancer, and to evaluate the role of preoperative imaging in lung cancer diagnosis. Methods:
A total of 56 lung cancer patients, diagnosed at The Fourth Hospital of Daqing City between January 2022 and
December 2023, were included in the lung cancer group. Additionally, 69 patients with benign pulmonary tumors
diagnosed during the same period were included in the benign tumor group. Preoperative peripheral serum levels
of CEA, CYFRA21-1, NSE, and ESM-1 were compared between the two groups. The expression profiles of these bio-
markers were further analyzed, focusing on their correlation with TNM staging, lymph node metastasis, and tumor
differentiation. Receiver operating characteristic (ROC) curves were plotted to assess the diagnostic performance of
these biomarkers. Imaging characteristics were also compared between the two groups to identify features indica-
tive of lung cancer. Results: Serum levels of CYFRA21-1, CEA, ESM-1, and NSE were significantly higher in the lung
cancer group compared to the benign tumor group (all P < 0.05). Pathological analysis revealed that these markers
were notably associated with low to medium tumor differentiation, lymph node metastasis, and advanced stage
(I-1V) (all P < 0.05). Additionally, small cell lung cancer patients exhibited higher positive rates of CYFRA21-1 and
elevated levels of CEA, ESM-1, and NSE compared to non-small cell lung cancer patients. ROC curve analysis dem-
onstrated AUC values of 0.878, 0.778, 0.773, and 0.654 for CYFRA21-1, CEA, ESM-1, and NSE, respectively. Imag-
ing features, including spiculated margins, lobulation, pleural retraction, vascular convergence, vacuolar signs, and
larger nodule size, were more prevalent in lung cancer patients and were identified as independent risk factors for
lung cancer. Conclusion: Peripheral serum biomarkers, including CYFRA21-1, CEA, ESM-1, and NSE, demonstrate
significant diagnostic potential for lung cancer. Furthermore, imaging characteristics provide valuable insights for
distinguishing lung cancer, underscoring the clinical applicability of both diagnostic approaches.
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Introduction

Lung cancer, a leading malignancy of the respi-
ratory system, represents a significant global
health threat and remains one of the most
challenging issues in modern medicine [1, 2].
According to the World Health Organization, the
global incidence of lung cancer continues to
rise, making it one of the primary causes of
cancer-related mortality [3, 4]. The incidence of
lung cancer, however, is not uniformly distrib-
uted; it is influenced by geographic, economic,

and cultural factors. In many developing coun-
tries, limited economic resources and insuffi-
cient healthcare infrastructure hinder early
detection and screening efforts, often resulting
in diagnoses at more advanced stages, when
treatment options are less effective [5]. In con-
trast, while developed countries benefit from
relatively advanced healthcare systems, lung
cancer rates remain high due to factors such as
fast-paced lifestyles, worsening environmental
pollution, and the prevalence of smoking [6].
This disparity highlights the urgent need for
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effective public health strategies to reduce
lung cancer incidence and enhance early diag-
nostic capabilities, making it a global priority
for governments and health organizations.

Currently, lung cancer diagnosis relies heavily
on histopathological examination; however, its
application in large-scale screening is limited
due to patient risks. Studies have demonstrat-
ed that serum tumor markers, particularly in
the early stages of lung cancer, are closely cor-
related with disease progression and severity,
offering a more convenient and rapid diagnos-
tic approach. Among the most widely studi-
ed markers are cytokeratin 19 fragment
(CYFRA21-1), carcinoembryonic antigen (CEA),
neuron-specific enolase (NSE), and endothe-
lial cell-specific molecule-1 (ESM-1). Previous
research has shown that abnormal expression
of these biomarkers can assist in lung cancer
diagnosis. CEA, a glycoprotein, is directly pro-
duced by lung cancer cells and is often elevat-
ed in the serum of affected individuals.
CYFRA21-1, found abundantly in epithelial
cells, is typically elevated in the circulation of
lung cancer patients. NSE, a product of tumor
cell proliferation, is also elevated in the serum
of many lung cancer patients. ESM-1, express-
ed in tumor endothelial cells, promotes tumor
progression by facilitating cell proliferation,
accelerating angiogenesis, and disrupting nor-
mal immune responses [7, 8]. In addition to
serum biomarkers, imaging findings play a cru-
cial role in lung cancer diagnosis. However,
most studies to date have primarily focused on
either serum biomarkers or imaging, leaving
certain research gaps unexplored [9, 10].
Therefore, this study analyzed both serum bio-
marker levels and imaging features of lung can-
cer patients diagnosed at our center, aiming to
identify potential targets for improving early
diagnosis.

General information and methods
General information

This study included 56 lung cancer patients
diagnosed at The Fourth Hospital of Daqing
City between January 2022 and December
2023, who were assigned to the lung cancer
group. This study was approved by the Ethics
Committee of The Fourth Hospital of Daqing
City. Additionally, 69 patients diagnosed with
benign pulmonary tumors during the same peri-
od were included in the benign tumor group.
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To determine the required sample size for this
study, we applied the following calculations,
which use a parallel 1:1 design to compare the
malignant and the benign groups. Based on
previous studies evaluating the diagnostic effi-
cacy of hematological indicators for lung nod-
ules, we assumed a diagnostic positive rate of
pul = 0.75 for the control group and p2 = 0.85
for the experimental group, with a standard
deviation of 0 = 0.1. Considering a 10% dro-
pout rate, an o (Type | error probability) of
0.05, and a statistical power (1-B) of 80%, the
required sample size was calculated using the
following formula for clinical trial sample size
estimation:

2 (Zap +Zp)° X o
(1l -p2)°

nl=n2=

Substituting the parameters (1 = 0.75, Y2 =
0.85,0=1, a=0.05, and = 0.2), the calcula-
tion yielded n1 = n2 = 12. Consequently, the
minimum sample size required for this study
was 24 patients. To enhance the robustness
and reliability of the study results, we selected
all patients who met the inclusion criteria dur-
ing the study period, resulting in a final cohort
of 115 patients.

Inclusion criteria

(1) Patients with pulmonary nodules detected
by preoperative chest CT who subsequently
underwent surgical resection. (2) Common
imaging features of pulmonary nodules, includ-
ing spiculated margins, calcification, satellite
lesions, pleural retraction, lobulation, and vas-
cular signs. (3) Patients with complete medical
records, including current and past medical
histories, as well as preoperative laboratory
and imaging results. (4) First-time visitors diag-
nosed with pulmonary nodules.

Exclusion criteria

(1) Patients with tumors of other organs, such
as those in the digestive or hematologic sys-
tems, identified during preoperative examina-
tions. (2) Patients with multiple pulmonary nod-
ules on chest CT, where the underlying pa-
thology cannot be determined. (3) Patients with
congenital pulmonary structural abnormalities.
(4) Patients with severe organ dysfunction,
such as heart or kidney failure. (5) Patients with
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Table 1. Comparison of baseline data between the two groups

Benign group (n =69)  Statistical value P

ltems Lung cancer group (n = 56)
Gender (Male/female) 35/21

Age 478 £5.3

BMI 242 +2.6
Hypertension 11

Nodule distribution (left/right) 30/26

Nodule discovery time (years) 3.9+05

45/24 0.099 0.753
481 +5.4 -0.311 0.756
23927 0.628 0.531

14 0.293 0.588

42/27 0.674 0.411

3.8+0.6 0.997 0.321

Note: BMI: body mass index.

mental disorders or communication impair-
ments that hinder effective interaction. (6)
Patients with incomplete clinical data.

Data acquisition

Data were collected through a comprehensive
review of electronic medical records, which
included patient baseline characteristics, blood
test results, and CT images. Fasting blood
samples were obtained for the measurement
of serum levels of CEA, CYFRA21-1, NSE, and
ESM-1. Biochemical indicators in the morning
are relatively stable, providing a more reliable
basis for subsequent analysis. Fasting periph-
eral venous blood (3-5 ml) was collected from
all participants on the morning after admis-
sion. The samples were then centrifuged at
3000 rmp for 20 minutes, and the supernatant
serum was collected for testing. Serum levels
of the markers were measured using elec-
trochemiluminescence or enzyme-linked im-
munosorbent assay (ELISA) methods, with
reagent kits purchased from Roche Diag-
nostics (Shanghai). All procedures were strictly
followed according to the manufacturer’s
instructions.

The primary indicators were determined based
on the gold standard for lung cancer diagnosis,
which includes obtaining lung tissue samples
for pathological examination, evaluating tissue
morphology, and performing staining and im-
munohistochemical analyses to determine the
pathological classification of lung nodules. The
diagnostic efficacy of imaging features and
serum markers for detecting pulmonary malig-
nancies was then compared [11].

Secondary observational indicators: Secondary
indicators involved the comparison of periph-
eral blood test results between the malignant
and benign groups, including routine blood
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tests, such as white blood cell count (reflecting
immune system status), liver function tests
(e.g., transaminases: alanine aminotransfera-
se (ALT), aspartate aminotransferase (AST)),
and kidney function markers (e.g., creatinine,
blood urea nitrogen). The goal was to explore
the differences in the expression of these
hematological indicators between lung cancer
patients and healthy individuals.

Data analysis

Data were analyzed using SPSS 22.0 software.
Measurement data were expressed as mean +
SEM. For normally distributed data, t-tests
were performed, with paired t-tests for within-
group comparisons and independent samples
t-tests for between-group comparisons. For
non-normally distributed data, the Mann-Whi-
tney U test was used. Categorical data were
expressed as frequencies (percentages), and
the chi-square (x?) test was applied for their
analysis. Variables with statistically significant
differences in univariate analyses were includ-
ed in a logistic regression model to calculate
the odds ratio (OR) and its 95% confidence
interval (Cl). The receiver operating characteris-
tic (ROC) curve of the subjects was used to
analyze the diagnostic value of serological indi-
cators for lung cancer. A p-value of < 0.05 was
considered statistically significant.

Results

Comparison of baseline data between malig-
nant and benign groups

The results showed no statistically significant
differences between the two groups in terms of
sex, age, body mass index (BMI), nodule distri-
bution, or nodule discovery time, indicating the
two groups were comparable (Table 1).
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Figure 1. Pathological classification of lung cancer patients in the lung can-

cer group.
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Figure 2. Comparison of inflammatory markers, and
liver and kidney function between the two groups. A.
Comparison of inflammatory markers between the
two groups; B. Comparison of liver and kidney func-
tion between the two groups. WBC: white blood cell
count, IL-6: interleukin-6, CRP: C-reactive protein,
AST: aspartate aminotransferase, ALT: alanine ami-
notransferase, ALB: albumin, SCR: serum creatinine,
BUN: blood urea nitrogen.

Final pathological results of 56 malignant
patients

Among the 56 lung cancer patients included in
the study, the predominant histological types
were adenocarcinoma, small cell lung cancer,
and squamous cell carcinoma, followed by
large cell lung cancer and other less common
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== 26.79% 15 Squamous carcinoma
33.93% 19 Adenocarcinoma
28.57% 16 Small cell lung cancer
7.14% 4 Large cell lung cancer
3.57% 2 Other

types. The distribution and
composition of lung cancer
subtypes are summarized in
Figure 1.

Comparison of peripheral
blood inflammatory markers
and liver and kidney function
between the two groups

No statistically significant dif-
ferences were observed be-
tween the two groups in terms
of white blood cell count
(WBC) (6.89 + 1.76 x 10° vs. 7.02 + 1.75 x
10°), serum C-reactive protein (CRP) (11.76 +
2.00 vs. 12.44 + 1.87), and interleukin-6 (IL-6)
levels (5.00 £ 1.03 vs. 5.88 + 1.14) (all P >
0.05), as shown in Figure 2A. Additionally, no
significant differences were found in liver
function markers, including ALT (25.6 + 6.7 vs.
26.0 + 6.6), AST (25.4 + 6.4 vs. 24.9 + 5.4)
and albumin (ALB) (38.9 + 3.4 vs. 39.0 + 3.5),
or in renal function markers, such as serum
creatinine (SCR) (26.7 + 4.3 vs. 27.0 + 4.1),
BUN (8.67 + 0.45 vs. 8.00 + 0.43), between
the two groups (Figure 2B).

Comparison of peripheral blood CEA, CY-
FRA21-1, NSE, and ESM-1 levels between the
two groups

Peripheral blood levels of CEA (36.23 *+ 7.68
vs. 18.47 £ 6.54), CYFRA21-1 (11.25 + 2.80 vs.
6.56 + 2.61), NSE (32.55 + 2.38 vs. 21.87 ¢
3.24), and ESM-1 (49.34 £ 8.7 vs. 28.76 + 5.3)
were significantly higher in the lung cancer
group compared to the benign group (all P <
0.05) (Table 2).

Comparison of peripheral blood CEA, CY-
FRA21-1, NSE, and ESM-1 levels between
small cell lung cancer and non-small cell lung
cancer patients

The results showed that peripheral blood levels
of CEA, CYFRA21-1, NSE, and ESM-1 were sig-
nificantly higher in small cell lung cancer pa-
tients compared to non-small cell lung cancer
patients (all P < 0.05) (Table 3).

Diagnostic efficacy of peripheral blood CEA,
CYFRA21-1, NSE, and ESM-1 for lung cancer

The diagnostic efficacy of peripheral blood CEA,
CYFRA21-1, NSE, and ESM-1, as measured by
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Table 2. Comparison of peripheral blood levels of CEA, CYFRA21-1, NSE and ESM-1 between the two

groups

Items Lung cancer group (n = 56) Benign group (n = 69) t P
CEA (ng/ml) 36.23 + 7.68 18.47 + 6.54 13.962 <0.001
CYFRA21-1 (ng/ml) 11.25 + 2.80 6.56 + 2.61 9.670 <0.001
NSE (ng/ml) 32.55+2.38 21.87 £3.24 20.566 <0.001
ESM-1 (ng/ml) 49.34 £ 8.70 28.76 £ 5.30 16.284 <0.001

Note: CEA: carcinoembryonic antigen, CYFRA21-1: cytokeratin 19 fragment, NSE: neuron-specific enolase, ESM-1: endothelial

cell-specific molecule-1.

Table 3. Comparison of peripheral blood levels of CEA, CYFRA21-1, NSE and ESM-1 between patients

with different types of lung cancer

Iltems Small cell lung cancer (n =48) Non-small cell lung cancer (n = 18) t P

CEA (ng/ml) 58.17 + 6.57 24.38 +5.43 31.486 <0.001
CYFRA21-1 (ng/ml) 13.16 + 2.79 8.47 + 2.50 9.901 <0.001
NSE (ng/ml) 46.43 £ 2.27 28.79 + 3.15 35.140 <0.001
ESM-1 (ng/ml) 68.24 + 7.60 34.68 £ 5.40 28.809 <0.001

Note: CEA: carcinoembryonic antigen, CYFRA21-1: cytokeratin 19 fragment, NSE: neuron-specific enolase, ESM-1: endothelial

cell-specific molecule-1.

the area under the ROC curve (AUC), was 0.910,
0.875, 0.797, and 0.871, respectively. These
findings indicate the strong diagnostic potential
of these biomarkers for lung cancer (Table 4
and Figure 3).

Univariate analysis of lung cancer imaging
features

Significant differences were observed between
lung cancer patients and those with benign
lesions in several imaging features, including
spiculation, lobulation, pleural retraction, vas-
cular convergence, vacuole formation, and nod-
ule size. Multivariate analysis confirmed that
these features were independent risk factors
for the malignant transformation of pulmonary
nodules. Detailed results are presented in
Tables 5, 6.

Serum tumor marker levels in lung cancer
patients with different pathological features

The study found that lung cancer patients with
low to moderate differentiation, lymph node
metastasis, and advanced stages (lll-1V) exhib-
ited markedly higher levels of serum tumor
markers (Table 7).

Discussion

Recent studies have shown a significant and
ongoing increase in the incidence of lung can-
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cer, a malignant respiratory tumor, making it
one of the most prevalent cancers globally
[12-14]. According to statistics from the World
Health Organization, lung cancer has sur-
passed other cancers as the leading cause of
cancer-related deaths. However, in clinical
practice, many patients are diagnosed at
advanced stages due to the late onset of
symptoms or the presence of conditions such
as pulmonary infections, shortness of breath,
and chest tightness. Consequently, fewer than
30% of patients are eligible for surgery at the
time of diagnosis [15, 16]. Thus, early and
effective diagnosis is crucial for improving
patient prognosis.

Currently, the diagnosis of lung cancer primarily
relies on histopathological examination of tis-
sue samples obtained via surgery or biopsy.
However, many patients diagnosed with lung
cancer are not immediately eligible for surgery,
emphasizing the importance of early detection.
Tumor markers, the biological molecules pro-
duced either by tumor cells or within the tumor
microenvironment, can be detected in blood,
urine, or other body fluids. Their presence is
closely associated with cancer development
and progression, providing valuable diagnostic
information for clinicians [17]. Therefore, this
study retrospectively analyzed data from lung
cancer patients at our center, along with their
serum biomarker levels, to assess the diagnos-
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Table 4. Diagnostic efficacy of CEA, CYFRA21-1, NSE and ESM-1
for lung cancer

Iltems AUC 95% Cl Sensitivity Specificity
CEA 0.910 0.859-0.960 0.667 0.841
CYFRA21-1 0.875 0.816-0.934 0.686 0.794
NSE 0.797 0.709-0.885 0.704 0.884
ESM-1 0.871 0.811-0.932 0.734 0.781

Note: CEA: carcinoembryonic antigen, CYFRA21-1: cytokeratin 19 fragment, NSE:
neuron-specific enolase, ESM-1: endothelial cell-specific molecule-1.

activated proteases acceler-
ate keratin degradation, rele-
asing a large number of kera-
tin fragments into the blood-
stream, which are typically
abundant in lung cancer
patients. Furthermore, NSE is
an enzyme involved in glycoly-
sis, and its elevated levels

may result from the high pro-
liferative activity of tumor
cells, leading to increased

Sensitivity

inflammatory responses in

:EE?RAZA surrounding tissues. Finally,
NSE ESM-1, a dermatan sulfate
S proteoglycan secreted by ac-
tivated vascular endothelial

cells, serves as a marker of

endothelial dysfunction and

cell proliferation. It plays a

critical role in the develop-

ment and progression of

lung cancer by promoting cell

proliferation, enhancing an-

giogenesis, and contributing

to immunosuppression within

the tumor microenvironment

[18-20]. In addition, we ob-

served that the levels of CEA,

CYFRA21-1, NSE, and ESM-1

0o T T

1 - specificity

Figure 3. AUC in peripheral blood. CEA: carcinoembryonic antigen, CY-
FRA21-1: cytokeratin 19 fragment, NSE: neuron-specific enolase, ESM-1:

endothelial cell-specific molecule-1.

tic and prognostic value of CEA, CYFRA21-1,
NSE, and ESM-1.

Previous studies have shown that the levels of
CEA, CYFRA21-1, NSE, and ESM-1 in the periph-
eral blood of lung cancer patients are signifi-
cantly higher than those in healthy controls
[17]. The mechanisms underlying these elevat-
ed levels are as follows: CEA, a high-molecular-
weight glycoprotein, is directly produced by
lung cancer cells, and is primarily used as a
tumor marker for non-small cell lung cancer.
CYFRA21-1, a differentiation-specific protein,
is widely distributed in epithelial cells and con-
stitutes part of the cytoskeleton. During the
malignant transformation of epithelial cells,
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T
oo 0z 04 06 08

10 in the peripheral blood of
small cell lung cancer patients
were higher than those in
non-small cell lung cancer
patients. This may be attribut-
ed to the higher malignancy of
small cell lung cancer, which
supports the conclusions of previous studies
[21, 22].

Moreover, previous imaging studies have
confirmed that several radiological features of
lung lesions play a crucial role in determining
whether a tumor is benign or malignant [23,
24]. In the current analysis of imaging data for
both benign and malignant lung nodules, sig-
nificant differences were observed between
the two groups in terms of features such as
spiculated margins, lobulation, pleural retrac-
tion, vascular convergence, vacuolar signs,
size, calcification, and satellite lesions. Logistic
regression analysis identified these featur-
es as independent predictors of lung nodule
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Table 5. Univariate analysis of malignant transformation of pulmonary nodules

CT signs Benign group (n = 56) Lung cancer group (n = 69) F/x? P
Spiculated sign 13 25 7.430 0.006
Lobulated sign 11 29 5.110 0.024
Pleural traction sign 10 31 7.518 0.006
Vascular convergence sign 13 32 5.173 0.023
Cavitary sign 20 49 8.416 0.004
Nodule diameter 3.860 0.049
>1cm 12 26
<lcm 44 43
Calcification 30 19 8.791 0.003
Satellite lesions 20 40 6.135 0.013

Table 6. Multivariate logistic regression analysis of malignant transformation of pulmonary nodules

Variable Standardized 3 OR 95% Cl P

Spiculated sign 0.775 3.37 1.58-7.78 0.029
Lobulated sign 0.658 3.03 1.27-6.37 0.027
Pleural traction sign 0.469 4.38 1.04-5.38 0.021
Vascular convergence sign 0.479 3.05 1.09-8.36 0.022
Cavitary sign 0.657 3.84 1.16-9.02 0.035
Nodule diameter > 1.0 cm 0.958 4.89 1.04-8.70 0.001
Calcification -3.034 0.58 0.31-0.75 0.036
Satellite lesions -4.239 0.74 0.53-0.89 0.003

Table 7. Comparison of tumor markers in lung cancer patients with different pathological characteris-

tics
Degree of differentiation Lymph node metastasis TNM staging
Biomarker Low/medium High
differentiation differentiation No Stage Hl Stage IV
CEA (ng/ml) 78.17 £ 4.57 4528 +5.07* 80.40+ 18.72 37.54 + 16.43* 39.03+14.51 73.45+ 15.06*

CYFRA21-1 (ng/ml) 18.07 £2.68 12.34 + 1.57*
NSE (ng/ml) 68.24 £+ 5.67 30.62 + 4.34*
ESM-1 (ng/ml) 78.23+8.04 55.48 + 7.69*

20.57 £3.41 11.89+2.06* 12.76+3.08 25.64 +4.55*
71.60+6.50 34.56+7.80* 43.78+9.07 83.57 +11.25%
89.52+ 734 60.03+8.11* 9534+9.51 65.01+10.33*

Note: CEA: carcinoembryonic antigen, CYFRA21-1: cytokeratin 19 fragment, NSE: neuron-specific enolase, ESM-1: endothelial cell-specific mol-

ecule-1. *: P < 0.05.

malignancy, with calcification and satellite
lesions found to be protective factors. Spi-
culated margins often result from tumor cell
infiltration into surrounding tissues. This infil-
tration typically occurs through the invasion
of adjacent bronchovascular sheaths or local
lymphatic vessels, a process that involves cell
motility and complex signaling between cells,
as well as alterations in the extracellular ma-
trix. The presence of lobulation indicates that
tumor cells have invaded surrounding tissues,
signifying growth and dissemination. Pleural
retraction occurs when the tumor invades the
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pleura, with bioactive substances secreted by
tumor cells stimulating the pleura tissue, there-
by triggering an inflammatory response and
leading to pleural traction. The vascular conver-
gence sign, manifested by thickened vascular
structures, is often a result of the tumor’s ra-
pid growth, which requires an increased blood
supply. The vacuolar sign, observed as small
low-density areas (1-3 mm in diameter) within
the lung, indicates residual aerated lung tis-
sue or bronchi forming a mass, with air-filled
spaces appearing as low-density regions. The
size of a lung nodule is directly related to its

Am J Transl Res 2025;17(4):2712-2720



Diagnostic value of serum biomarkers in lung cancer

likelihood of malignancy, with nodules lager
than 1 cm in diameter being more likely to be
malignant due to their faster growth compared
to benign lesions. Additionally, this study shows
that calcification and satellite lesions may act
as protective factors against the malignant
transformation of lung nodules. Calcification is
typically observed in nodules resulting from
prior lung infections, such as tuberculosis or
fungal infections, or as a consequence of
chronic inflammatory reactions. Therefore,
post-inflammatory nodules are generally be-
nign. Satellite lesions, smaller nodules located
within a lung lobe, are often associated with
infections or inflammation. These lesions, typi-
cally appearing as small nodules surrounding
a larger nodule, often suggest that the larger
nodule is benign. These findings are consistent
with conclusions drawn in previous studies [25,
26].

Conclusion

Peripheral blood levels of CEA, CYFRA21-1,
NSE, and ESM-1 are closely associated with the
occurrence of lung cancer. Their combined use
in diagnostic practice enhances the detection
rate of lung cancer and provides significant
diagnostic value, supporting their clinical utility.
However, this study has several limitations,
including a relatively small sample size and a
single-center design. Additionally, the variation
in the severity of patient conditions, along with
the nested nature of the cases, underscores
the need for further validation through multi-
center, large-scale studies. Furthermore, this
study did not evaluate the combined diagnostic
efficacy of these biomarkers for liver cancer,
as each marker showed better individual diag-
nostic performance for lung cancer. Therefore,
exploring the potential combined predictive
value of these markers remains a key area for
future research. Finally, the follow-up period in
this study was relatively short, and additional
longitudinal studies are needed to further clari-
fy the role of these serum biomarkers in pre-
dicting the long-term prognosis of lung cancer
patients.
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