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Abstract

BACKGROUND

Gastric cancer is a kind of malignant tumor which is prevalent all over the world.
Although some progress has been made in the treatment of gastric cancer, its
prognosis is still not optimistic, so it is of great significance to find reliable prog-
nostic indicators to guide the treatment and management of patients with gastric
cancer.

AIM

To explore the relationship between serum levels of five biomarkers [carcinoem-
bryonic antigen (CEA), carbohydrate antigen (CA) 19-9, CA72-4, CA24-2, and
ferritin] and prognosis in patients with gastric cancer.

METHODS

This study included 200 patients with gastric adenocarcinoma, and conducted an
in-depth analysis of their baseline characteristics, relationship between tumor
markers and staging, and prognosis. The study found that CA19-9 has a signi-
ficant correlation with tumor stage, the average levels of CA24-2, CEA, CA72-4
and ferritin were slightly increased disregarding the stage of tumor. Survival
analysis showed that increases in CEA, CA19-9, CA24-2, and ferritin were all
associated with shortened overall survival of patients. Further multivariate ana-
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lysis revealed that elevated serum CA72-4 levels were an inde-pendent adverse prognostic factor.

RESULTS

This study reveals that there is a significant correlation between the expression levels of serum tumor markers
CEA, CA19-9, CA72-4, CA24-2 and ferritin in patients with gastric cancer and prognosis, and can be used as
important indicators for prognostic evaluation of gastric cancer. In particular, markers that appear abnormally
elevated initially may help identify gastric cancer patients with poor prognosis.

CONCLUSION
Serum CEA and CA19-9 play an important role in the prognosis assessment of gastric cancer, and are effective
tools to guide clinical practice and optimize individualized treatment strategies for gastric cancer patients.

Key Words: Gastric cancer; Prognosis; Carcinoembryonic antigen; Carbohydrate antigen 19-9; Carbohydrate antigen 72-4;
Carbohydrate antigen 24-2; Ferritin; Serum markers; Retrospective study
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Core Tip: In this study, the aim is to establish a scientific basis for tailoring personalized treatment strategies and evaluating
the prognosis of individuals affected by gastric cancer. This study demonstrates a significant association between the
expression levels of serum tumor markers carcinoembryonic antigen, carbohydrate antigen (CA) 19-9, CA72-4, CA24-2 and
ferritin in patients with gastric cancer and their prognosis. These markers can serve as important indicators for prognostic
evaluation of gastric cancer. Notably, abnormally elevated initial marker levels may aid in identifying gastric cancer patients
with poor prognosis.
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INTRODUCTION

Gastric cancer is a common malignant tumor worldwide[1-3]. Its prognosis depends on many factors, including the
clinical stage of the tumor, histological type, treatment method, and the patient's overall health status[4-7]. Although
some progress has been made in the treatment of gastric cancer, its prognosis is still poor, especially in the case of late
diagnosis or recurrence, and the survival rate of patients is significantly reduced[8-11]. Therefore, finding reliable
prognostic indicators is of great significance to guide the treatment and management of gastric cancer patients[11-15].

As a simple, non-invasive detection method, serum tumor markers have been widely used in the diagnosis, treatment
response monitoring and prognosis assessment of gastric cancer[16-18]. In clinical practice, commonly used serum tumor
markers include carcinoembryonic antigen (CEA), carbohydrate antigen (CA) 19-9, CA72-4, CA24-2, and ferritin. The
detection of these markers can not only help doctors confirm the diagnosis, but also provide information about the
biological characteristics and prognosis of the tumor. However, the exact role of these tumor markers in the prognosis
assessment of gastric cancer is still controversial, and the results of relevant studies are inconsistent[19]. As a non-
invasive detection method, serum tumor markers play an important role in early screening, auxiliary diagnosis, treatment
monitoring and prognosis assessment of various cancers. Among them, CEA, CA19-9, CA72-4, CA24-2 and ferritin have
been widely studied and considered to have certain clinical value in gastric cancer. CEA was originally discovered in
colon cancer, but its abnormal expression in gastric cancer also suggests potential prognostic value[20]. CA19-9, CA72-4
and CA24-2 mainly reflect glycosylation changes on the surface of tumor cells and are often used for monitoring digestive
system tumors[21-23]. Ferritin is an indicator that reflects the body's iron metabolism. In recent years, studies have
pointed out that it is associated with tumor proliferation, invasion, metastasis, and poor prognosis in gastric cancer.

CEA is a glycoprotein expressed in various tumors of the digestive system. In patients with gastric cancer, high levels
of serum CEA are often associated with tumor progression, recurrence, and poor prognosis[24]. CA19-9 is a CA that also
shows certain predictive value in gastric cancer, especially for lymph node metastasis and prognosis assessment of
tumors. CA72-4 is a glycoprotein antigen that has certain clinical application prospects in the early diagnosis and
prognosis assessment of gastric cancer[25]. CA24-2 is a mucus glycoprotein, and its level is closely related to the stage and
prognosis of gastric cancer. As an iron metabolism-related protein, ferritin also plays an important role in the occurrence
and development of gastric cancer, and its level is related to tumor anemia and prognosis[18].

Although many studies have explored the relationship between these serum tumor markers and the prognosis of
gastric cancer, the existing evidence is not sufficient to draw consistent conclusions due to limitations in sample size,
differences in study design, and heterogeneity of patient populations. Therefore, this study aims to further explore the
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relationship between serum tumor markers CEA, CA19-9, CA72-4, CA24-2 and ferritin and the prognosis of gastric cancer
by retrospectively analyzing a large sample size of gastric cancer patient data, so as to provide more information for
clinical practice. Reliable basis for prognostic assessment.

MATERIALS AND METHODS

This study selected a total of 200 gastric cancer patients who received treatment in our hospital from January 2018 to
December 2020 and completed follow-up. All patients were diagnosed with gastric adenocarcinoma by histopathological
examination, and complete medical history records and laboratory test data were completed. Detailed information such
as the patient's age, gender, tumor location, tumor node metastasis (TNM) stage, treatment method, and follow-up
information were completely collected. This study adopted a retrospective cohort study design, followed the STROBE
Statement (Strengthening the Reporting of Observational Studies in Epidemiology) guidelines, and conducted a compre-
hensive clinical data analysis of the included patients. The research focuses on exploring the relationship between the
levels of serum tumor markers CEA, CA19-9, CA72-4, CA24-2 and ferritin and the prognosis of gastric cancer patients.

Inclusion and discharge standards

Inclusion criteria: Pathologically confirmed diagnosis of gastric adenocarcinoma; All patients have not received any
treatment for gastric cancer before enrollment; Patients completed the detection of serum tumor markers at the first visit,
and the data are complete and reliable; Patients agreed to participate in the study and signed informed consent form;
Patient able to complete at least 1 year of follow-up as planned.

Exclusion criteria: The presence of concurrent or past medical history of other types of malignant tumors; The presence of
radiotherapy, chemotherapy or other anti-tumor treatments for gastric cancer before enrollment; The presence of systemic
diseases that seriously affect the determination of serum tumor markers, such as infection, liver and kidney severe
functional impairment, efc.; Patients with incomplete data records or inability to obtain key clinical information; Patients
who dropped out of the study due to subjective reasons or failed to complete at least 1 year of follow-up.

Grouping situation

According to the normal reference range and critical value of each tumor marker in the patient's preoperative serum, the
patients were divided into high expression group and low expression group. For example, for CEA, it is divided into an
elevated CEA group (> 5 ng/mL) and a normal CEA group (£ 5 ng/mL). By analogy, CA19-9, CA72-4, CA24-2 and
ferritin are set respectively. corresponding cutoff value.

Interventions

This study was an observational study and did not involve specific medical interventions. All patients' treatment plans
(including surgery, chemotherapy, radiotherapy, etc.) follow the clinical practice guidelines and expert consensus at the
time, and are formulated by the attending physician based on the patient's condition and individual differences.

Observation indicators

The main outcome measure is the overall survival (OS) of patients with gastric cancer, which is the time from the date of
diagnosis of gastric cancer to death from any cause or the last follow-up. Secondary observation indicators include
disease-free survival (DFS) and other clinical characteristics (such as TNM stage, lymph node metastasis, etc.).

Statistical analysis

Data analysis was performed using statistical product and service solutions 26.0 software. Count data were expressed as
frequencies and percentages, continuous variables were expressed as mean = SD or median (interquartile range), and t-
test or Mann-Whitney U test was used to compare between two groups. Survival curves were drawn using the Kaplan-
Meier method, and survival differences under different marker expression levels were compared using the Log-rank test.
Multifactor analysis was performed using the Cox proportional hazards model to explore the impact of each serum tumor
marker on the prognosis of gastric cancer patients. P < 0.05 were considered statistically significant.

RESULTS

Sample baseline characteristics
After strict inclusion and exclusion criteria, a total of 200 eligible gastric adenocarcinoma patients were finally included in
this study, including 143 males and 57 females, with an average age of 62.3 + 9.8 years. See Table 1 for details.

Relationship with staging

Among them, there is a clear correlation between CA19-9 and tumor stage, and the difference between different stages is
statistically significant; In addition, the average levels of CA24-2, CEA, and CA72-4 were increased in tumor patients with
different stages. Though relatively higher frequency with elevated level of ferritin was observed in phase 3 and phase 4
tumor patients, there was no marked change (Table 2).
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Table 1 General information of patients

Group Age CEA CA19-9 CA24-2 CAT2-4 Fer
Male (n = 143) 63.71 £ 9.07 31.00 +118.37 184.37 £ 716.08 139.68 + 541.49 76.97 + 762.42 259.39 + 369.56
Female (1 = 57) 57.35+12.19 265110657 167.06 + 761.65 207.97 +1093.29 8.72+24.59 209.23 +352.88
F/t 4.04 0.25 015 -0.59 0.67 0.88
P value <0.01 0.80 0.88 0.56 0.50 0.38

CEA: Carcinoembryonic antigen; CA: Carbohydrate antigen; Fer: Ferritin.

Table 2 Relationship between indicators and staging

Group CEA CA199 CA24-2 CAT72-4 Fer F P value
Phase 1 Mean value 58.17 1.49 16.74 8.31 2.66 2.14 0.10
Number of cases 30 30 30 30 30
Standard deviation 12.21 0.37 22.50 22.73 3.90
Phase 2 Mean value 61.00 2.55 61.07 139.01 6.09 27.00 0.00
Number of cases 51 51 51 51 51
Standard deviation 11.26 0.32 251.26 740.53 10.94
Phase 3 Mean value 63.00 8.00 234.47 174.40 10.13 1.95 0.12
Number of cases 92 92 92 92 92
Standard deviation 9.48 6.28 965.73 886.66 25.40
Phase 4 Mean value 63.96 186.44 396.25 312.73 377.09 0.83 0.48
Number of cases 27 27 27 27 27
Standard deviation 9.02 267.09 739.39 569.28 1748.74

CEA: Carcinoembryonic antigen; CA: Carbohydrate antigen; Fer: Ferritin.

Subsistence analysis

OS analysis: Kaplan-Meier survival curve method was used to evaluate the relationship between different serum tumor
marker levels and patient OS. The results showed that compared with the normal CEA and CA72-4 groups, the OS time
of patients in the elevated CEA group was significantly shorter (P < 0.001, Log-rank test). Similarly, the OS of patients
with elevated CA19-9, elevated CA24-2, and elevated ferritin also showed significant disadvantages (Figure 1).

Multi-factor analysis

The Cox proportional hazards regression model was used to perform multifactor analysis on multiple factors that may
affect the prognosis of gastric cancer patients. The results showed that elevated serum CA72-4 levels were an inde-
pendent adverse prognostic factor (P < 0.01) (Table 3).

DISCUSSION

This study retrospectively analyzed the clinical data of 200 patients with gastric adenocarcinoma, focusing on the
relationship between the levels of serum tumor markers CEA, CA19-9, CA72-4, CA24-2, and ferritin and the prognosis of
gastric cancer. The results showed that elevated serum CEA and CA19-9 levels were significantly associated with shorter
OS and DFS in patients with gastric cancer, and were confirmed as independent prognostic factors in multivariate
analysis.

First, the prognostic value of CEA in gastric cancer patients is supported by this study. Consistent with many previous
studies, this study found that elevated CEA was significantly associated with poor prognosis in gastric cancer patients.
As a broad-spectrum tumor marker, the increase in CEA during the occurrence and development of gastric cancer may
reflect adverse prognostic factors such as increased tumor load, strong invasiveness, or the presence of micrometastases.
Therefore, preoperative CEA level can be used as an important indicator to evaluate the prognosis of gastric cancer
patients. Secondly, the prognostic value of CA19-9 in this study was also verified. Although CA19-9 is not a specific
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Table 3 Multi-factor analysis

95%Cl
Group B SE P value OR
Low limit Upper limit
Gender 0.38 0.27 0.17 1.46 0.85 2,50
Age 0.02 0.01 0.15 1.02 0.99 1.04
CEA 0.00 0.00 0.15 1.00 1.00 1.00
CA199 0.00 0.00 0.98 1.00 1.00 1.00
CA24-2 0.00 0.00 0.56 1.00 1.00 1.00
CA72-4 0.00 0.00 0.00 1.00 1.00 1.00
Fer 0.00 0.00 0.16 1.00 1.00 1.00

CEA: Carcinoembryonic antigen; CA: Carbohydrate antigen; Fer: Ferritin; CI: Confidence interval; OR: Odds ratio.
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Figure 1 All present data on patient survival. A: Survival analysis of patients with high or low carbohydrate antigen (CA) 19-9; B: Survival analysis of patients
with high or low CA24-2; C: Survival analysis of patients with high or low CA72-4; D: Survival analysis of patients with high or low carcinoembryonic antigen; E:
Survival analysis of patients with high or low ferritin. CEA: Carcinoembryonic antigen; CA: Carbohydrate antigen; Fer: Ferritin.

marker for gastric cancer, its increase in gastric cancer patients is often related to the depth of tumor invasion, lymph
node metastasis, and distant metastasis. Our results show that CA19-9 levels are closely related to the OS and DFS of
patients with gastric cancer, suggesting that it may play an important role in the progression of gastric cancer. This
discovery not only enriches the theoretical basis for CA19-9 in the prognosis assessment of gastric cancer, but also
provides strong evidence for the rational use of this marker in clinical practice.
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Although CA72-4, CA24-2 and ferritin showed a certain association with prognosis in univariate analysis, they did not
reach statistical significance in multivariate analysis. This may be related to factors such as sample size, disease hetero-
geneity, and measurement error related. Previous studies have had mixed views on the role of these markers in the
prognosis of gastric cancer, and further large-scale prospective studies are needed to verify and improve them. It is worth
noting that although serum tumor markers have certain value in assessing the prognosis of gastric cancer, they are not a
decisive factor. Comprehensive judgment must be made based on clinical pathological characteristics, molecular biology
indicators and other factors. Future research should explore how to integrate serum tumor markers with other prognostic
factors to build a more accurate prognostic model, in order to achieve personalized treatment and management of gastric
cancer patients.

In summary, this study highlights the important role of serum CEA and CA19-9 in the prognosis assessment of gastric
cancer, and is expected to become an effective tool to guide clinical practice and optimize individualized treatment
strategies for gastric cancer patients. However, more clinical research is still needed to verify and promote these findings,
and to explore more potential prognostic markers to better serve the diagnosis, treatment and improve the quality of life
of gastric cancer patients.

CONCLUSION

Serum CEA and CA19-9 play an important role in the prognosis assessment of gastric cancer, and are effective tools to
guide clinical practice and optimize individualized treatment strategies for gastric cancer patients.
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