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Peripheral blood tumor marker levels can indicate
the location of lung cancer metastasis

JIAHAO WANG'*, XIAOBO WANG?", YINGJIA MAO?, HONGMEI NIU?,
FUQIAN ZHAO?, DAOFU SHEN? and LEI WANG®

1Department of Emergency, Emergency and Critical Care Medical Center, Beijing Shijitan Hospital, Capital Medical University,

Beijing 100038, P.R. China; *Medical Laboratory Center, Chifeng Municipal Hospital/Chifeng Clinical College, Inner Mongolia

Medical University, Chifeng, Inner Mongolia Autonomous Region 024000, P.R. China; 3Precision Medicine Sequencing Center,
North China University of Science and Technology Affiliated Hospital, Tangshan, Hebei 063000, P.R. China

Received May 16, 2025; Accepted August 22,2025

DOI: 10.3892/01.2025.15291

Abstract. Early detection of lung cancer metastasis is
of great importance for improving patient survival and
reducing the economic and social burden of the disease.
Omics analysis is widely used in the screening of tumor
markers. However, effective markers that can indicate tumor
metastasis in tissues and organs have not been screened out.
The present study aimed to use the existing commonly used
clinical tumor marker detection indicators to simply indicate
possible metastatic organs through abnormal changes in their
content. For this, three types of lung cancer, namely, lung
adenocarcinoma (LUAD), lung squamous cell carcinoma
(LUSC) and small cell lung cancer (SCLC), were selected
for analysis. Patients of each type were grouped according
to whether the tumor metastasized and whether it metasta-
sized to a single tissue or organ, such as the lymph nodes,
pleura, bones, liver and brain. The pre-treatment peripheral
serum carcinoembryonic antigen (CEA), carbohydrate
antigen (CA)15-3, CA125, CA19-9, squamous cell carcinoma
(SCC) antigen and cytokeratin 19 fragment antigen 21-1
(CYFRA21-1) levels were recorded. The tumor markers that
differed from the non-metastasis group were preliminarily
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determined by one-way analysis of variance, and the ROC
curve method was used to determine the marker's ability to
evaluate metastasis to a certain organ. In LUAD, compared
with levels in patients without metastasis, CA15-3 and
CA19-9 levels were significantly increased in the group with
lymph node metastasis, only the CA15-3 level was signifi-
cantly increased in the group with pleural metastasis, CEA,
CA15-3 and CA125 levels were significantly increased in
the group with bone metastasis, only the CA125 level was
significantly increased in the group with liver metastasis and
only the CYFRA21-1 level was significantly increased in the
group with brain metastasis. Compared with that in LUAD
without metastasis, CEA and CA15-3 had a good diagnostic
effect on bone metastasis screening, and CYFRAZ2I1-1 also
had a good diagnostic effect on brain metastasis. There was
no significant difference in the levels of tumor markers in
the peripheral blood of LUSC patients with tissue and organ
metastasis. In SCLC, compared with levels in the control
group, CEA and CA125 levels were significantly increased in
patients with bone metastasis, and CA125 and CA19-9 levels
were significantly increased in patients with liver metastasis.
In SCLC tumors, CEA and CA125 exhibited good diagnostic
value for determining bone metastasis. CA125 and CA19-9
also exhibited some diagnostic value for liver metastasis.
In conclusion, the levels of peripheral blood tumor markers
CEA, CA15-3, CA125, CA19-9, SCC and CYFRAZ2I-1 in
patients lung cancer have clinical diagnostic value in specifi-
cally indicating the organs where lung cancer metastasizes.

Introduction

Lung cancer is the leading cause of cancer-related deaths
worldwide, with ~2.1 million new cases and 1.8 million deaths
each year, accounting for ~12% of all cancer cases and 18% of
cancer-related deaths (1). Lung cancer is mainly divided into
two types: i) Small cell lung cancer (SCLC); and ii) non-SCLC
(NSCLC). NSCLC consists of multiple histological subtypes,
the most common of which are lung adenocarcinoma (LUAD)
and lung squamous cell carcinoma (LUSC), accounting for
75% of all lung cancer cases (2). It is estimated that by 2040,
the number of lung cancer-related deaths will increase by 67%
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worldwide (3). The reduction of the mortality rate associated
with lung cancer is one of the United Nations Sustainable
Development Goals (4).

Despite progress in clinical treatment, tumor metastasis
is the main cause of the high mortality associated with lung
cancer. In total, ~90% of patients with lung cancer die from
metastasis, as the cancer quickly spreads to the lymph nodes,
bones, brain and liver (5). Brain metastasis will develop in
40-50% of patients with lung cancer, while 30-40% of patients
with advanced lung cancer will develop bone metastasis and
20-40% of patients with NSCLC will develop liver metas-
tasis (6-8). If a certain tumor marker in the peripheral blood
of patients with lung cancer increases significantly, it may
indicate metastasis and prompt doctors to conduct targeted
examinations, which is of great significance for improving
patient survival rates and reducing the economic and social
burden of the disease.

Tumor markers are substances produced by the tumor or
the body's microenvironment during tumor occurrence and
development (9). Markers include proteins, hormones, onco-
genes and other substances, and can play an important role
in cancer screening, early diagnosis, prognosis, recurrence
monitoring and judgment of efficacy (10). Omics analysis
is a comprehensive, high-throughput bioinformatics tech-
nology that includes genomics, transcriptomics, proteomics
and metabolomics, among others, and is widely used in the
screening of tumor markers (11). Billatos ef al (12) used tran-
scriptomics and patient nasal epithelial samples to identify
certain genes that are expressed differently between patients
with lung cancer and those without lung cancer. Proteomics
approaches have been used to identify potential biomarkers
for lung cancer, and several potential protein markers (such
as BAKI1, CTSW, MICOS13, RELN, PTN, TPT1, SVEPI,
PDGFD, LCN2 and GLGI1) have been identified (13,14).
Metabolites can reflect the biochemical state of healthy or
unhealthy cells; therefore, the unique metabolic characteris-
tics of tumors may help determine the cancer stage (15). An
increasing number of lung cancer metabolomics experiments
have provided new potential markers for the diagnosis of lung
cancer, but few have been widely used in clinical practice as
diagnostic markers for lung cancer (15-17). Currently, there are
>20 tumor markers used in clinical practice, some of which
are limited to a certain type of cancer, such as a-fetoprotein
which is usually elevated only in liver cancer, while CEA is
increased in both lung and colorectal cancer (18,19). In addi-
tion, most omics studies only use bioinformatics methods
for prediction, and the conclusions drawn from the statistical
methods used may deviate from the actual clinical situation.
It is still necessary to use large-scale clinical data to verify
their value in tumor diagnosis. Therefore, using tumor markers
currently used in clinical practice to predict the target organs
of lung cancer metastasis is an effective strategy.

At present, traditional tumor-associated antigen (TAA)
biomarkers, such as cytokeratin 19 fragment antigen 21-1
(CYFRAZ21-1), carcinoembryonic antigen (CEA), squamous
cell carcinoma (SCC) antigen, and carbohydrate antigen
(CA)125, CA15-3 and CA19-9, are widely used as reference
diagnostics for lung cancer (20). CYFRAZ2I-1 is a fragment
of cytokeratin 19 subunit that is expressed at high levels in
SCC and can be used as a tumor biomarker in patients with

cancer (21). CEA is a 200-kD glycoprotein found in embry-
onic endoderm epithelium. This protein is elevated in various
malignancies, such as colorectal, gastric and lung cancer, and
has no tumor specificity (22). SCC antigen is a subcomponent
of TAAs associated with SCC and is widely used as a marker
for SCCs of the head and neck, lung and esophagus, among
others (23). CA15-3 belongs to mucin 1, which is a transmem-
brane protein expressed on the apical plasma membrane of
normal secretory epithelial cells composed of two subunits.
CA15-3 levels are markedly elevated in a number of cancer
types, including lung cancer (24). CA19-9 is present in the
glycolipid mucin of the cell membrane. The serum CA19-9
level is elevated in patients with cancer, especially in those with
digestive system tumors, such as pancreatic, liver, colon and
rectal cancer (25). CA125 is a repeating peptide epitope found
in mucin 16, which can be recognized by the antibody OC125.
CA125 also is the preferred biomarker for ovarian cancer and
its level is also increased in lung and colorectal cancer (26).
Although the aforementioned tumor markers are widely used
in clinical diagnosis, their potential as prospective predictors
of sites of tumor metastasis remains underexplored. In the
present study, patients with one of three types of lung cancer,
namely, LUAD, LUSC and SCLC, were selected and divided
into groups based on the presence or absence of tumor metas-
tasis and on which single tissue or organ site the metastasis
occurred in, such as the lymph nodes, pleura, bones, liver and
brain. The values of peripheral serum CEA, CA15-3, CA125,
CA19-9 and SCC were recorded before treatment. One-way
analysis of variance was used to preliminarily determine the
tumor markers that were different in the non-metastatic group,
and then the receiving operating characteristic (ROC) curve
method was used to determine the efficacy of the marker in
evaluating the metastasis to a certain organ. It is anticipated
that the present study can use the existing common clinical
tumor marker detection indicators, and through the abnormal
changes in their content, it can indicate the possible metastatic
organs. This should attract the attention of doctors and patients,
and allow subsequent disease intervention and treatment to be
performed in a timely manner.

Materials and methods

Patients. The present study included 631 patients (mean
age, 62.9+3.7; range, 39-81 years) who were hospitalized
in Chifeng Municipal Hospital (Chifeng, Inner Mongolia,
China) and diagnosed with lung cancer between January and
June 2024, including 357 males and 274 females (Table I).
The inclusion criteria included: i) A lung cancer diagnosis
confirmed by histopathology or cytology; ii) age =18 years;
and iii) in cases of tissue or organ metastasis, patients with
only single tissue or organ metastasis were selected. The
exclusion criteria included: i) Pulmonary infection and other
infectious diseases; and ii) tumor diseases in other parts of
the body identified at the time of study inclusion. Based on
the pathological type, patients were divided into three groups:
i) LUAD (n=357); ii) LUSC (n=152); and iii) SCLC (n=122).
Patients were divided into two categories: i) No metastasis at
the time of presentation; and ii) distant metastasis at the time
of presentation. If metastasis occurred, patients were further
classified based on the site of metastasis: i) Lymph nodes;
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Table I. Baseline and clinical characteristics in young (n=260) and old (n=371) patients.

Characteristics Young patients (<60 years) Old patients (=60 years) All patients (n=631)
Sex
Male 155 (59.6) 202 (54.4) 357 (56.6)
Female 105 (40.4) 169 (45.6) 274 (43.4)
Tumor type
SCLC 60 (23.1) 62 (16.7) 122 (19.3)
LUAD 155 (59.6) 202 (54.4) 357 (56.6)
LUSC 45 (17) 107 (25.6) 152 (20.9)
Metastatic organs
No metastasis 79 (30.4) 98 (26.4) 177 (28.1)
Lymph node metastasis 68 (26.2) 113 (30.5) 181 (28.7)
Pleural metastasis 19 (7.3) 33(8.9) 52 (8.2)
Bone metastasis 46 (17.7) 74 (19.9) 120 (19.0)
Liver metastasis 14 (5.4) 20(54) 34(54)
Brain metastasis 34 (13.1) 33 (8.9) 67 (10.6)
Age, years 286 (45.3) 345 (54.7) 631 (100)
Mean + SEM 50.6+4.5 74.6+2.6 62.9+3.7

Percent values are calculated as a percentage of the column total. Data are presented as n (%) unless otherwise stated.

ii) pleura; iii) bone; iv) liver; and v) brain. For this retrospective
analysis, all the clinical test data of the patients were collected
before clinical medication. The current study was approved by
the Chifeng Municipal Hospital Ethics Committee (approval
no. CK2023027).

Detection of tumor markers. Fasting peripheral venous
blood samples (4.0 ml) were collected from patients in non-
anticoagulated tubes. All patients had samples collected once
at the time of consultation and before treatment. Within 2 h of
blood collection, the serum was separated by centrifugation at
1,000 x g for 15 min at room temperature. The fully automatic
luminescent immunoassay analyzer ARCHITECT™ 12000
(Abbott) was used to detect CEA, CA15-3, CA125, CA19-9,
SCC and CYFRAZ21-1 levels. Due to differences in the daily
work habits of doctors in different wards, some patients may
not have certain tumor markers tested. However, generally
speaking, CEA, CA15-3, CA125, and CA19-9 are frequently
tested items for patients with lung cancer.

ROC curve analysis. ROC curve refers to the line drawn from
each point under specific stimulation conditions, with the
false alarm probability P (y/N) obtained by the subject under
different judgment criteria as the horizontal coordinate and
the hit probability P (y/SN) as the vertical coordinate (27).
Usually, the sensitivity represents the vertical coordinate and
1-specificity is the horizontal coordinate. The ROC curve is a
probability index of a certain outcome of each sample calcu-
lated by the entire model, showing the diagnostic efficiency
of the entire model. It is one of the most important evaluation
indicators of the model prediction effect. Therefore, the ROC
curve is often used to evaluate and compare various diagnostic
models and prediction models. The ROC curve uses the size
of the area under the curve (AUC) to evaluate the model. The

value range of AUC is 0.5-1.0. The larger the AUC, i.e. the
closer it is to 1, the better the diagnostic or prediction effect of
the model. When the AUC is 0.5-0.7, the accuracy is low, when
the AUC is 0.7-0.9, it has some accuracy, and when the AUC
is >0.9, the accuracy is high. When the AUC is 0.5, the diag-
nostic method is considered completely ineffective and has no
diagnostic value. An AUC value of <0.5 does not conform to
the actual situation. The present study used an AUC value of
>0.7 as the threshold for clinical diagnostic value.

Statistical analysis. Statistical analysis was performed using
SPSS (version 21; IBM Corp.). Normally distributed data are
presented as the mean + SEM and the median (interquartile
range). Tumor marker concentrations between metastatic
(Iymph nodes, pleura, bone, liver and brain) and non-metastatic
groups were compared using Student's unpaired t-test and
the Mann-Whitney U test. Multiple group comparisons were
performed using ANOVA and the Kruskal-Wallis test, with
Tukey's post hoc test used in the event of significant results.
P<0.05 was considered to indicate a statistically significant
difference, and markers with significant differences in both
tests were considered to have potential diagnostic value. Binary
logistic regression analysis was used to evaluate the predic-
tive probability of lung cancer metastasis by tumor markers.
ROC curves were drawn using the predicted probability as a
variable, and the AUC was calculated to assess the statistical
significance of each marker.

Results

Patient characteristics. When metastasis occurred, the lymph
nodes and bones were the most common sites, with 181 and
120 patients, respectively, followed by 67 patients with brain
metastasis. There were 286 patients with lung cancer (aged
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<60 years) and 345 patients with lung cancer (=60 years),
accounting for 45.3 and 54.7% of patients with lung cancer,
respectively. The characteristics of the patients are shown in
Table I.

Significance of single tumor marker in screening LUAD
metastatic organs. Data on the peripheral blood content of
tumor markers in patients with LUAD and tissue and organ
metastasis were collected. Compared with those in patients
without metastasis, the levels of CA15-3 (P=0.0074) and
CA19-9 (P=0.0348) significantly increased when lymph node
metastasis occurred, the level of CA15-3 (P=0.0181) signifi-
cantly increased when pleural metastasis occurred, the levels
of CEA (P<0.001), CA15-3 (P=0.0084) and CA125 (P=0.0043)
significantly increased when bone metastasis occurred, the
level of CA125 (P=0.0345) significantly increased when liver
metastasis occurred and the level of CYFRA21-1 (P=0.0140)
significantly increased when brain metastasis occurred
(Table IT; Fig. 1). Inter-group comparisons were also conducted
to observe the changes in certain indicators after metastasis to
different organs and to better screen out differential markers.
Results were considered significant only when P<0.05 for
comparisons of both mean + SEM and median (IQR) data.

In order to present the data more intuitively, bar graphs
were used and statistical analysis was performed using the
data of the different groups. CEA in bone metastasis, CA19-9
in lymph node metastasis and CYFRA21-1 in brain metastasis
showed strong organ specificity, while SCC content only
showed a metastatic trend (Fig. 1).

Compared with levels in lung cancer without metastasis,
CEA (AUC, 0.78) and CA15-3 (AUC, 0.71) showed good
diagnostic effects on bone metastasis screening. CYFRA21-1
(AUC, 0.87) also revealed a good diagnostic effect on brain
metastasis screening. Although the tissue specificity was not
high, the AUC values of CA15-3 in lymph node and pleural
metastasis screening were 0.77 and 0.79, respectively, which
also indicated good diagnostic value (Fig. 2).

Significance of single tumor marker in screening LUSC
metastatic organs. LUSC and LUAD are both NSCLCs.
Unlike in LUAD, in LUSC with tissue and organ metastasis,
the peripheral blood levels of various tumor markers did not
show significant differences, although CEA and CA15-3 levels
showed a slight upward trend when liver metastasis occurred
(Table IIT; Fig. S1). CEA, CA15-3 and SCC levels significantly
decreased in patients with brain metastasis. CA15-3, CA125,
CA19-9 and SCC levels also decreased significantly when
pleural metastasis occurred (Table III; Fig. S1).

Significance of single tumor marker in screening SCLC meta-
static organs. SCLC is considered one of the most aggressive
cancers. Compared with the levels in the control group, the
levels of CEA (P=0.0090) and CA125 (P=0.0019) were signifi-
cantly increased in patients with bone metastasis. The increase
of CEA indicates the possibility of bone metastasis. CA125
(P=0.0002) and CA19-9 (P<0.001) levels were significantly
increased in liver metastasis, and the increase in CA19-9
suggests the possibility of liver metastasis. No significant
changes were found in the content of SCC when metastasis
occurred in various tissues and organs (Table IV; Fig. 3).

Inter-group comparisons were also conducted to observe the
changes in certain indicators after metastasis to different
organs and to better screen out differential markers.

In SCLC tumors, CEA (AUC, 0.83) and CA125 (AUC,
0.87) exhibited promising diagnostic value for determining
bone metastasis. CA125 (AUC, 0.63) and CA19-9 (AUC, 0.65)
may have certain diagnostic value in liver metastasis (Fig. 4).
Since the content of CA19-9 in liver metastasis was signifi-
cantly higher than that in metastasis in other parts (Fig. 3), its
diagnostic value was also analyzed and the AUC value was
0.65 (Fig. 4).

Discussion

Lung cancer is the most common malignant tumor in the
world, with the highest incidence and mortality rates among
malignant tumors. Tumor metastasis is the main cause of
tumor-associated death, and early detection of tumor metas-
tasis sites is crucial for subsequent treatment. The selection
of lung cancer tumor markers has remained stable for a long
time, although there have been some minor changes. The 2011
guidelines recommended the use of CEA, neuron-specific
enolase (NSE), CYFRA21-1 and SCC (28). The main lung
cancer markers recommended in the 2015 lung cancer guide-
lines include CEA, NSE, CYFRA21-1, pro-gastrin-releasing
peptide and SCC (29). In the lung cancer guidelines from
2018 to date, the recommended tumor markers have not
changed (30). However, which markers indicate metastasis
to specific organs has not received attention from clinical
workers. The present study discusses the predictive nature
of various omics and bioinformatics in clinical practice,
starting with the commonly used tumor markers CEA,
CA15-3, CA125, CA19-9, SCC and CYFRAZ2I1-1, to explore
whether these markers have certain clinical application value
in indicating the occurrence of metastasis to specific organs.
It was observed that the levels of CEA and CA15-3 in the
peripheral blood of patients with LUAD metastasis were
significantly increased when bone metastasis occurred, the
level of CYFRAZ2I1-1 was significantly increased when brain
metastasis occurred and the level of CA15-3 was significantly
increased when lymph node and pleural metastasis occurred.
The levels of CEA and CA125 in the peripheral blood of
patients with SCLC and bone metastasis were significantly
increased. When patients with LUSC develop metastasis to
specific tissues and organs, the levels of the aforementioned
five tumor markers do not increase significantly. Studies
have shown that sex factors can affect the incidence of lung
cancer. Fu et al (31) found that, in the United States between
2001 and 2019, men accounted for 53.3% of all lung cancer
cases (32). The present study found that 57% of all collected
cases were male, which is consistent with these findings. At the
same time, Fu et al (31) found that <52.1% of patients in the
United States were =70 years old. Histologically, SCLC and
NSCLC account for 12.9 and 72.6% of all lung cancer cases,
respectively (32). The current study found that in the present
cohort from Chifeng, Inner Mongolia, people aged 51-70 years
has the highest incidence of lung cancer, accounting for 70%
of all lung cancer cases. In addition, NSCLC is the main lung
cancer type, accounting for 81% of the total lung cancer cases,
of which LUAD and LUSC account for 57 and 21% of cases,
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Figure 1. Expression of commonly used clinical tumor markers in LUAD. Case data were collected and divided into 6 groups: No metastasis, lymph node
metastasis, pleural metastasis, bone metastasis, liver metastasis and brain metastasis. The levels of clinical lung cancer-related tumor markers, (A) CEA,
(B) CA15-3, (C) CA125, (D) CA19-9, (E) SCC and (F) CYFRAZ2I-1, in peripheral blood were statistically analyzed. Results are presented as the mean +
standard error. Tumor marker concentrations between groups were compared using one-way ANOVA, and Tukey's test was used when significant differences
were found. Only P-values for comparisons that are significantly different are displayed. LUAD, lung adenocarcinoma; CEA, carcinoembryonic antigen; CA,
carbohydrate antigen; SCC, squamous cell carcinoma; CYFRA2I1-1, cytokeratin 19 fragment antigen 21-1; ns, not significant.
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Figure 2. ROC curves of tumor markers in LUAD. The ROC curve method was used to observe the clinical diagnostic efficacy of tumor markers with statis-
tical differences when metastasis occurred in different tissues and organs. All results were compared with the no metastasis group. ROC curve of (A) CEA,
(B) CA15-3 and (C) CA125 in bone metastasis, (D) CYFRA21-1 in brain metastasis, (E) CA125 in liver metastasis, (F) CA15-3 in pleura metastasis, and
(G) CA15-3 and (H) CA19-9 in lymphatic metastasis. ROC, receiver operating characteristic; LUAD, lung adenocarcinoma; CEA, carcinoembryonic antigen;

CA, carbohydrate antigen; CYFRAZ21-1, cytokeratin 19 fragment antigen 21-1.

respectively (33). Smoking is the most important risk factor for
lung cancer (34). Wang et al (35) found that the standardized
smoking rate among residents =15 years in Inner Mongolia
was 30.54%, and the smoking rate for both men and women
was highest in the 45-59 years age group, which may to some
extent explain the reason that the 51-70 age group has the
highest incidence of lung cancer. The prognosis of patients
with lung cancer and bone metastases is generally poor (36).
CEA is usually a biomarker used for colorectal cancer
screening and monitoring treatment response (37). In breast
cancer and gastrointestinal tumors, CEA has good sensitivity
and specificity for detecting the occurrence and development
of bone metastasis, and can be used to evaluate the presence
of bone metastasis (38). Clinical trials have found that elevated
CEA levels in patients with breast cancer bone metastasis
notably reduce the therapeutic effect (chemotherapy and
radiation therapy) (39,40). A study by Duan et al (41) found
that serum CEA can be used as a diagnostic biomarker for
lung cancer bone metastasis. Ayan et al (42) also hypothesized

that elevated CEA levels can be regarded as an early warning
sign that requires precise imaging examinations as the risk of
bone metastasis is higher. CA15-3 tumor markers have been
widely used for the prognosis of bone metastasis in patients
with breast cancer (43). A study by Fakhari et al (44) found
that serum CA15-3 levels were higher in patients with bone
metastasis from breast cancer, with a diagnostic threshold of
>21.8 U/ml, and a sensitivity and specificity of 91.7 and 91.0%,
respectively. Therefore, there is a view that CA15-3 can be
regarded as a useful factor for the prognosis of bone metas-
tasis in patients (45). However, there are few studies that can
use CA15-3 to confirm bone metastasis in patients with lung
cancer, and CA125 has a similar situation. Consistent with the
present research conclusions, Zhou et al (46) found that CA-125
levels may be an independent risk factor for lung cancer bone
metastasis (P=0.002), with a sensitivity and specificity of 32.1
and 80.8% for diagnosing bone metastasis, respectively. It was
hypothesized that the incidence of bone metastasis in patients
with lung cancer is high, and when patients are first diagnosed
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Table III. Changes in clinical test indicators of patients with lung squamous cell carcinoma.

Clinical markers

Metastatic site CEA, ng/ml CA15-3,U/ml CA125,U/ml CA19-9,kU/ SCC, ug/l
None

Mean = SEM 3.08+2.07 17.08+7.72 33.93+34.94 21.50+30.38 2.49+4 48

IQR 3.20 (1.90-4.70) 14.00 (12.70-21.05)  20.35 (10.80-44.60) 9.24 (4.41-29.47) 1.21 (0.80-1.80)
Lymph nodes

Mean = SEM 4.59+3 .46 10.35+7.72 41.93+49.00 18.70+34.87 2.90+6.13

IQR 3.60 (2.27-8.45) 11.30 (8.00-16.10)*  23.90 (11.00-58.60) 9.58 (4.16-24.57) 1.10 (0.70-1.67)
Pleura

Mean = SEM 4.12+1.38 11.36+4.51 25.34+14.06 16.24+3.17 1.03+0.62

IQR 475 (2.85-5.04) 12.20 (9.35-13.80) 21.50 (14.70-37.90) 16.78 (14.80-17.94)  0.95 (0.40-1.72)
Bone

Mean + SEM 5.02+3.43 12.81£12.18 59.26+80.56 24.38+18.74 3.32+4.57

IQR 4.30 (2.40-9.04) 12.2 (9.35-13.80) 28.90 (9.40-83.85) 23.44 (5.95-46.10) 1.45 (1.12-2.87)
Liver

Mean + SEM 6.60+2.18 23.85+5.27 50.85+22.13 16.99+16.74 2.53+1.30

IQR 7.60 (4.10-7.85)* 15.60 (12.45-23.05) 50.85(35.20-66.50)  25.48 (17.49-33.47) 2.10 (1.50-2.75)
Brain

Mean + SEM 3.08+2.62 14.07+£7.84 51.35+£59.70 5.19+9.20 0.74+0.34

IQR 1.50 (3.10-8.00) 10.10 (9.55-16.60) 43.30 (5.10-125.40) 5.49 (3.35-25.53) 0.60 (0.50-1.05)

P-value represents the comparison between the non-metastasis group and the metastasis group. Data expressed as mean + SEM were analyzed
using the Student's test. Data expressed as IQR were analyzed using the Mann-Whitney U test, with “indicating significant differences. CEA,

carcinoembryonic antigen; CA, carbohydrate antigen; SCC, squamous cell carcinoma.

with lung cancer, their tissue pathological type and serum
CA-125 concentration should be paid attention to in order to
detect bone metastasis early.

Brain metastasis is the most common form of central nervous
system malignancy, with ~50% of cases originating from lung
cancer (47). Some studies have shown that CYFRA21-1 levels
are notably associated with the overall survival time of patients
with brain metastasis from lung cancer (48). Wang et al (49)
found that the combined detection of CEA and CYFRAZ2I-1
can be used as an early screening indicator for brain metas-
tasis, especially for patients who are difficult to diagnose using
cerebrospinal fluid histology and MRI examinations. In SCLC,
Song et al (50) found that although CYFRAZ2I1-1 was elevated,
it had no notable prognostic value. Ren et al (51) found that
CYFRAZ21-1 was associated with metastasis in elderly patients
with gonadal cancer, with a sensitivity of 70.5%, but without
tissue specificity. There are few studies on related markers for
lymph node and pleural metastasis of lung cancer. In a breast
cancer study, Jiang er al (52) found that serum CA15-3 levels
gradually increased with increasing pathological stage, and
serum CA15-3 levels in patients with lymph node metastasis
were markedly higher than those in patients without lymph
node metastasis. Serum CA15-3 levels in patients with distal
lymph node metastasis were markedly higher than those in
patients with adjacent lymph node metastasis.

In complex multicellular organisms, different cells are
specialized to perform different functions, often through

differentiation (53). The functions of each type of cell are
gradually restricted, eventually forming a specialized cell
type. Tumor cells have two main characteristics: i) Unlimited
proliferation; and ii) disordered differentiation (54). Taking
LUAD and LUSC as an example, their treatment and prog-
nosis are different, mainly since they originate from different
cells, resulting in major differences in biological patterns (55).
For example, activating mutations of epidermal growth factor
receptor and mutations of ALK fusion protein often occur
in LUAD, but not in LUSC (56). Traditionally, cytology and
pathology are mainly used for the differential diagnosis of
tumor pathological types. With the development of medicine,
numerous tumors require additional molecular feature testing.
Chen et al (57) used machine learning methods to find that
CEA levels in LUSC were lower than those in LUAD, which
is consistent with the results of the study by Zhang er al (58),
which used immunohistochemical staining to distinguish
LUAD and LUSC. Zengin et al (59) found that both LUAD
and LUSC exhibit important genetic changes, such as SOX2
amplification in LUSC and PSMD4 amplification in LUAD. In
short, the current research consensus is that NSCLC is highly
heterogeneous, with different clinicopathological characteris-
tics, serum biochemical markers and genomic profiles between
LUAD and LUSC. In 2017, Imakita er al (60) first reported a
patient with advanced NSCLC who was initially diagnosed
with poorly differentiated carcinoma without EGFR gene
mutations, which subsequently histologically transformed into
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Table I'V. Changes in some clinical test indicators of patients with SCLC.

Clinical markers

Metastatic site CEA, ng/ml CA15-3,U/ml CA125,U/ml CA19-9,kU/ SCC, ug/
None
Mean = SEM 326+3.34 11.81+4.88 19.58+24.84 13.11+14 .51 0.86+0.23
IQR 2.70 (1.70-3.70) 10.50 (8.45-14.52) 15.10 (9.30-18.50) 10.30 (3.36-26.38)  0.85(0.70-1.02)
Lymph nodes
Mean = SEM 7.93+25.17 11.31+5.13 34.87+58.81 7.98+8.19 1.36+0.78
IQR 2.60 (1.77-4.50) 11.35 (8.40-15.42) 17.75 (13.92-32.00)* 7.60 (4.82-13.21) 1.25(0.72-0.95)
Pleura
Mean = SEM 2.10+0.42 - 17.35+4 .31 - -
IQR 2.10 (1.80-2.40) - 17.35 (14.30-20.40) - -
Bone
Mean = SEM 13.55+23.69° 10.79+6.36 135.86+126.90° 13.90+1543 -
IQR 5.50 (3.30-16.10)*  11.10 (9.80-15.45) 120.95 (26.42-178.30)* 17.74 (6.87-41.02) -
Liver
Mean = SEM 11.61£22.34 16.52+8.09 162.60+£216.22° 62.71+£74 .57° 0.95 (+0.35)
IQR 540 (2.75-18.07)* 1340 (11.05-24.50)  26.15(9.67-427.17)* 21.88 (3.72-149.74)*  0.95 (0.70-1.20)
Brain
Mean + SEM 4944301 8.59+6.04 15.51£12.00 17.39+£12.05 0.65+0.21
IQR 3.50 (2.70-7.15) 10.80 (8.97-13.95) 11.50 (8.10-28.15) 14.57 (7.04-27.85)  0.65 (0.50-0.80)

P-value represents the comparison between the non-metastasis group and the metastasis group. Data expressed as IQR were analyzed using
the Mann-Whitney U test, with “indicating significant differences. Data expressed as mean + SEM were analyzed using the Student’s test, with

Pindicating significant differences. CEA, carcinoembryonic antigen; CA, carbohydrate antigen; SCC, squamous cell carcinoma.

SCLC after resistance to immunotherapy with nivolumab. In
one study, 176 patients with SCLC tumors were analyzed, of
whom 17 had NSCLC components. A total of 7 of these patients
were diagnosed with NSCLC and received chemotherapy
or radiotherapy, but were found to have mixed histological
types at subsequent surgery or autopsy, and 2 patients were
reported to have only adenocarcinoma (61). The reasons for
the complexity of lung cancer remain to be studied. The ‘seed
and soil hypothesis’ is an important hypothesis in cancer
research (62), which holds that the success of tumor metas-
tasis depends on the interaction between tumor cells (seeds)
and their potential target organs (soil). It is now hypothesized
that metastatic tumor cells need to gain a foothold in the new
microenvironment, and the metastatic microenvironment
may also be ready before the metastatic tumor cells actually
reach the metastatic organ (63). Glycosylation is the most
common post-translational modification of membrane-bound
proteins, which participates in the composition of the tumor
microenvironment and affects tumor metastasis (64). A
number of intercellular adhesion molecules and molecules
involved in intercellular communication are highly glycosyl-
ated, and they actively promote tumor progression; they can
affect cell adhesion and intercellular recognition, as well as
intracellular signaling. Abnormal sugar expression helps cells
invade through the basement membrane, which constitutes a
large part of the changes in tumor-related extracellular matrix,
and the glycosylation pathway is severely dysregulated in

advanced tumors (65-67). Wang et al (68) found that there
is an N-glycosylation site at the Asn29 site of procollagen
C proteinase enhancer protein, and cells that receive mutant
forms of this glycosylation site show a phenotype of impaired
migration and metastasis. CEA, CA15-3, CA125 and CA19-9
are all glycoproteins. Therefore, based on existing studies,
it is hypothesized that tumors may release some tumor
markers that are conducive to changing the pre-metastatic
microenvironment, thereby leading to metastasis to specific
organs. Glycoproteins have also become clinical markers for
predicting possible metastatic target organs.

The current study also has some limitations. It is a retro-
spective, single cohort study based on currently limited data.
The results may not be applicable to patient groups in different
regions and need to be further studied by expanding the sample
size through multicenter studies. Only six tumor markers were
observed, and the potential of other markers as tumor organ
specific remains to be studied. In particular, the present study
did not explore other biomarkers that may improve diagnostic
accuracy. Some patient groups were missing tumor markers,
and the diagnostic ability of the marker was slightly flawed,
which requires further research. Multiple markers were not
analyzed together to evaluate their ability to distinguish organ
metastasis. Although the patients underwent adequate physical
examinations upon admission, diseases that may affect
changes in tumor markers, such as inflammation, cannot be
ruled out. Smoking status and certain treatment methods may
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Figure 3. Expression of common clinical tumor markers in SCLC. Case data were collected and divided into 6 groups: No metastasis, lymph node metastasis,
pleural metastasis, bone metastasis, liver metastasis and brain metastasis. The levels of clinical lung cancer-related tumor markers, (A) CEA, (B) CA125,
(C) CA15-3,(D) CA19-9 and (E) SCC, in peripheral blood were statistically analyzed. Results are presented as the mean + standard error (SEM). Tumor marker
concentrations between groups were compared using one-way ANOVA, and Tukey's test was used when significant differences were found. Only P-values for
comparisons that are significantly different are displayed. SCLC, small cell lung cancer; CEA, carcinoembryonic antigen; CA, carbohydrate antigen; SCC,
squamous cell carcinoma; CYFRA21-1, cytokeratin 19 fragment antigen 21-1; ns, not significant.
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Figure 4. ROC curves of tumor markers for SCLC. The ROC curve method was used to observe the clinical diagnostic efficacy of tumor markers with statistical differ-
ences in metastasis to different tissues and organs, and the results were compared with the group without metastasis. ROC curve of (A) CA125 and (B) CEA in bone
metastasis, and (C) CA15-3, (D) CA125 and (E) CA19-9 in liver metastasis. SCLC, small cell lung cancer; CEA, carcinoembryonic antigen; CA, carbohydrate antigen.

affect biomarker levels. In the early stages of lung cancer, most
metastases occur in a single organ, so the present study did not
involve multiple organs. Future studies should also consider
multiple organ metastases that are common in clinical practice.

In summary, in patients with LUAD metastasis, increased
levels of peripheral blood CEA and CA15-3 can better predict
the occurrence of bone metastasis, increased CYFRA21-1 is
related to the occurrence of brain metastasis, and increased
CA15-3 is related to lymph node and pleural metastasis. In
patients with SCLC, increased levels of CEA and CA125 are
associated with bone metastasis. No markers for predicting
metastasis have been found in patients with LUSC. The levels
of peripheral blood tumor markers CEA, CA15-3, CA125,
CA19-9, SCC and CYFRAZ2I1-1 in patients with lung cancer
have some clinical diagnostic value in specifically indicating
the organs where lung cancer metastasizes.
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