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Background: The detection of tumor markers for predicting the therapeutic efficacy is relatively rare at present. The combined
elevation of carcinoembryonic antigen (CEA), CA19-9, CA72-4, and CA125 and others may predict the efficacy of immunotherapy
combined with chemotherapy, which is helpful for the precise screening of patients. This study aimed to investigate the correlation
between serum tumor marker expression and clinical features, including stage, differentiation, primary site, and metastatic diameter. It
also examined the relationship between tumor marker levels and the therapeutic efficacy in advanced gastric cancer patients.
Methods: We analyzed 327 patients with gastric or esophagogastric junction adenocarcinoma at Henan Provincial People’s Hospital.
CEA, CA19-9, CA125, and CAT72-4 levels were categorized as negative, single-marker elevated, or multiple-marker (>2) elevated.
Clinical features and survival outcomes were evaluated.

Results: Elevated marker numbers correlated significantly with advanced clinical stage, lower differentiation, Lauren classification type,
and larger metastatic diameter. Patients with stage IV disease exhibited higher marker elevations than those with earlier stages. No
significant association was observed between the number of tumor elevated markers and T/N stage, primary/metastatic site, or PD-L1
combined positive score >5. After first-line chemotherapy, the objective response rate was positively correlated with elevated tumor marker
numbers, single- rather than multiple-marker elevation showed better progression-free survival. In immunotherapy combined with
chemotherapy, any increase in a tumor marker >5 times with a total metastasis diameter <6 cm, indicating better short-term efficacy.
Conclusion: Elevated serum tumor markers are associated with higher tumor burden, advanced stage, and poorer differentiation in
gastric cancer, potentially serving as disease severity and treatment response predictors.
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Introduction
For intermediate and advanced gastric cancer, drug therapy, including chemotherapy, targeted therapy, and immune
checkpoint inhibitors, is the most crucial treatment modality.' Accurate screening of populations for which treatment

would be effective has been a focus of research.

OncoTargets and Therapy 2025:18 1149-1157 1149
Received: 9 June 2025 © 2025 Xiao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the work

Accepted: 6 October 2025
Published: 11 October 2025

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0009-0009-7585-838X
http://orcid.org/0000-0003-3393-7804
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Xiao et al

Tumor markers are bioactive substances produced and secreted by malignant tumor cells, primarily entering the blood-
stream. These markers—serving as indirect indicators of tumor occurrence, progression, metastasis, and invasion—can
provide insights into tumor differentiation. Consequently, they play a valuable role in tumor diagnosis and treatment. Current
tumor markers utilized in clinical diagnosis include CA19-9 (associated with pancreatic cancer), alpha-fetoprotein (linked to
liver cancer), and prostate-specific antigen (related to prostate cancer).>* However, progress in identifying tumor markers
specific for gastric cancer has been limited. Non-specific serum markers such as CEA and the carbohydrate antigens, CA50
and CA19-9, are extensively employed in the screening and therapeutic evaluation of malignant tumors in the digestive tract.
Research on tumor markers for gastric cancer has primarily focused on (1) early detection and diagnosis, (2) monitoring of
postoperative recurrence, and (3) evaluation of drug therapy efficacy in patients with advanced-stage disease.

Clinically, we have observed diverse phenomena among patients with gastric cancer: some do not exhibit abnormal
elevation in serum tumor markers, others exhibit elevation in a single marker, and some display elevations in multiple
markers. The association of these variations with factors such as clinical stage, prognosis, and therapeutic outcomes
remains unclear. In recent years, several studies have explored the relationship between the number of elevated tumor
markers and the prognosis of gastric cancer, and found that there are significant differences in survival rates among
patients with different numbers of elevated tumor markers, making them independent risk factors for gastric cancer
patients. Some even believe that they can provide more accurate prognostic information than the traditional TNM staging
system.””’ However, these studies mainly focused on patients who underwent early surgery. Our research is a correlation
analysis of the therapeutic efficacy of patients with advanced chemotherapy. At present, the efficacy prediction of
immunotherapy combined with chemotherapy in advanced gastric cancer mainly relies on the detection of MSI and
PDLI1. However, the predictive value is limited, and the proportion of the population with MSI-H and PDL1 > 5 is
relatively small. In clinical practice, it is necessary to find other convenient and feasible markers to make up for this
deficiency. In our previous clinical work, we discovered a case of advanced gastric cancer patient who almost achieved
CR after PD1 monoclonal antibody combined chemotherapy. We found that the tumor markers of this patient showed
significant increases in multiple aspects before treatment. It is speculated that the combined increase of CEA, CA19-9,
CA72-4, and CA125, etc. may predict the efficacy of immunotherapy combined with chemotherapy, which is helpful for
precise screening of patients. Moreover, as tumor-associated antigens, tumor markers might indicate increased immu-
nogenicity. Recently, combining programmed cell death protein 1 monoclonal antibodies with chemotherapy has become
the standard treatment for advanced gastric cancer.®’ This raises the question of whether patients with significantly
elevated tumor markers might derive greater benefit from immunotherapy.

In this study, we analyzed data of patients with advanced gastric cancer to explore the correlation between the serum
expression of tumor markers and factors such as clinical stage, degree of differentiation, tumor primary site, and total
metastatic diameter. Additionally, we investigated the relationship between varying expressions of tumor markers and the
efficacy of immunotherapy combined with chemotherapy.

Materials and Methods

Patients

This study included 327 patients diagnosed with gastric adenocarcinoma or esophagogastric junction adenocarci-
noma who were treated at Henan Provincial People’s Hospital between January 1, 2021, and April 1, 2024. The
follow-up deadline is December 31, 2024. The cohort comprised 228 men and 99 women, aged 23—-88 years, with
a median age of 64 years. All diagnoses were pathologically confirmed as adenocarcinoma. Among the total of
225 patients who underwent chemotherapy, 111 received immune checkpoint inhibitors. Chemotherapy regimen:
Oxaliplatin combined with fluorouracil (including fluorouracil injection, capecitabine, tegafur-gimeracil-oteracil
potassium), immune checkpoint inhibitor: Sintilimab, Pembrolizumab.

Observation Indicators and Evaluation Criteria
All patients’ venous blood samples were taken into serum separator tubes within one week before receiving treatment.
Hemato-logical parameters were determined immediately after blood sample collection using an electrochemical
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luminescence immunoassay analyzer (602, Roche, Switzerland) in the clinical laboratory. PD-L1 CPS was assessed via
22C3 assay. The cut-off points for these tumor markers were according to clinical standards. Tumor marker levels within
the reference range were considered negative, whereas markers above the baseline limit were classified as positive.
Specifically, CEA <5.0 ng/mL, CA19-9 <35 U/mL, CA125 <35 U/mL, and CA72-4 <6.9 U/mL were considered
negative. Patients were categorized into three groups based on their tumor marker levels: negative, single-marker
elevated, and multiple-marker elevated (>2 markers elevated).

Statistical Analysis

Statistical analysis was conducted using the SPSS 22.0 software (IBM Corp, Armonk, NY, USA). Use frequency and rate
to describe the clinical medical records of the research subjects. Categorical data were compared using the chi-square
test. Survival analysis was conducted using the Kaplan—-Meier method and Log rank test to compute survival curves and
compare progression-free survival (PFS) among the groups. The statistical correction for multiple comparisons was
carried out using the Bonferroni method. A p-value of <0.05 was considered statistically significant.

Results

There were 144 cases of esophageal and gastric junction adenocarcinoma and 183 cases of cancer in gastric body and gastric
antrum. Clinical staging revealed 51 cases in stages I-1I, 51 in stage III, and 225 in stage IV. The patients included 135
diagnosed as high differentiation, 195 as low differentiation, 149 as the Lauren intestinal type, 157 as the diffuse type, and 21
as the mixed type. Previous research has identified correlations between CA19-9 and N stage, and between CEA and the
T stage.'® Consistent with these findings, our results demonstrated a strong correlation between tumor marker levels and later
tumor stage, and poorer tumor differentiation, consistent with previous studies.'"'* Moreover, analysis of the total metastasis
diameter in advanced unresectable gastric cancer using computed tomography or magnetic resonance imaging with a 6-cm
threshold revealed a significant correlation with elevated tumor marker levels (Table 1). This suggests that a higher number of
positive markers corresponds to a larger tumor burden and a poorer prognosis. Our analysis revealed that CEA had the highest
positivity rate (54.9%), followed by CA19-9 (51.8%), CA72-4 (39.9%), and CA125 (37.8%) (Table 2).

After first-line treatment for advanced gastric cancer, a relationship was observed between treatment efficacy (assessed
through objective response rate [ORR], disease control rate [DCR], and PFS) and the number of elevated tumor markers. The
ORR was positively correlated with the number of elevated tumor markers, with a higher number of elevated markers
correlating with more favorable short-term chemotherapy outcomes. However, a higher number of elevated tumor markers
was correlated with shorter PFS, indicating a poorer prognosis. The correlation between the number of elevated tumor markers
and DCR was not statistically significant (p = 0.578). Pairwise comparisons revealed significant differences in PFS between
patients with a single elevated marker and those with multiple elevated markers (Table 3, Figures 1 and 2).

Table | Relationship Between the Number of Elevated Serum Tumor Markers and Clinicopathological Features

Clinicopathological Features | Negative | Single Marker Elevated | Multiple Markers Elevated | Total Ve p-value
Primary site of tumor 3.120 0.210
Esophagogastric junction 52 (36.1) 47 (32.6) 45 (31.3) 144 (100.0)

Gastric body and gastric antrum | 82 (44.8) 46 (25.1) 55 (30.1) 183 (100.0)

Metastatic site 3213 0.523
Peritoneal metastasis 12 (28.6) 16 (38.1) 14 (33.3) 42 (100.0)

Liver metastasis 21 (22.6) 29 31.2) 43 (46.2) 93 (100.0)

Other position transfer 28 (31.1) 27 (30.0) 35 (38.9) 90 (100.0)

Sum of metastasis diameter 12.262 | 0.002
26 cm 26 (21.1) 34 (27.6) 63 (51.2) 123 (100.0)

<6 cm 35 (34.3) 38 (37.3) 29 (284) 102 (100.0)

PD-LI combined positive score 0.770 0.680
>5 13 (32.5) 12 (30.0) 15 (37.5) 40 (100.0)

<5 16 (25.0) 23 (35.9) 25 (39.1) 64 (100.0)
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Table 2 Proportion of Different Markers in Patients with
Positive Markers

CA72-4 | CEA | CAI9-9 | CAI25

Number of cases | 77 106 100 73
Percentage 39.9% 54.9% | 51.8% 37.8%

Abbreviation: CEA, carcinoembryonic antigen.

Table 3 Relationship Between Tumor Markers and the Efficacy of First-Line Drug Therapy in Stage IV Disease

Therapeutic Index | Negative | Single Marker Elevated | Multiple Markers Elevated Ve p-value
ORR (%) 29.5 30.6 46.7 6.502 | 0.039
DCR (%) 90.2 87.5 92.4 1.096 | 0.578
PFS (month) 6.0 8.0 5.3 10.061 | 0.007

Abbreviations: ORR, objective response rate; DCR, disease control rate; PFS, progression-free survival.

Statistical analysis of the therapeutic effects of immunotherapy combined with chemotherapy across various tumor
markers did not reveal significant differences in efficacy (ORR, DCR, and PFS) related to tumor markers (p = 0.509,
0.288, and 0.477, respectively) (Table 4 and Figure 3).

Among patients undergoing combination immunotherapy and chemotherapy, two groups were compared based on
tumor marker levels and metrics, such as ORR, DCR, and PFS. The first group had a >5-fold increase in tumor markers
and a total metastasis diameter <6 cm, whereas the second had negative tumor markers and a total metastasis diameter
>6 cm (p = 0.045). The first group demonstrated superior short-term efficacy. However, no significant differences were
observed in DCR or PFS between the groups (p = 0.516, p = 0.162) (Table 5 and Figure 4).

Discussion

Tumor markers, such as hormones, enzymes, and antigens secreted by tumor cells, are detectable in tumor tissues and body
fluids."? Serological markers such as CEA, CA125, CA19-9, and CA72-4 are frequently elevated in gastrointestinal tumors.
Numerous studies have demonstrated their strong association with the development of gastric cancer. Consequently, in the
absence of specific serum markers for gastric cancer, these markers play a critical role in early diagnosis. The combined use
of three or more markers is particularly effective for early screening and diagnosis of gastric cancer.'® In advanced stages,
an increase in serum tumor markers is strongly correlated with disease progression and prognosis. Gastric cancer positive
for CA19-9 is associated with clinicopathological characteristics, such as poor histological differentiation, extensive
lymphatic and venous invasion, and a high incidence of lymph node metastasis.'> Researchers have reported positivity
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Figure | Progression-free survival curve of each group after first-line treatment. After first-line treatment for advanced gastric cancer, a significant difference was found
between PFS and the number of elevated tumor markers (p = 0.007). Patients with multiple elevated markers had the shortest PFS and poor prognosis.
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Figure 2 Progression-free survival curve of single-marker elevation versus multiple-marker elevation after first-line treatment. After first-line treatment, a significant
difference was found in PFS between the single-marker elevated and multiple-marker elevated groups (p = 0.001). The prognosis of the single-marker elevated group was
better than that of the multiple-marker elevated group.

rates of 21.1%, 27.8%, and 30.0% for CEA, CA19-9, and CA72-4, respectively, in gastric cancer. These markers
significantly correlate with the clinical stage and patient survival, with CA72-4 demonstrating the strongest correlation
and prognostic value.'® Other domestic studies also highlighted the relevance of CA72-4, linking it to tumor invasion depth,
lymph node metastasis, peritoneal metastasis, and distant metastasis. The positivity rate of CA72-4 was higher in patients
with gastric cancer experiencing lymph node, peritoneal, and serous involvement.'”'®

Currently, numerous clinical treatments are available for gastric cancer, with chemotherapy being a commonly
utilized approach. However, its efficacy as a standalone treatment for advanced gastric cancer is limited, with
a median survival time typically less than 1 year.'” The addition of immunotherapy into the treatment regimen has
shown promise in improving outcomes and extending patient survival. Clinical trials such as ATTRACTION-2,
CHECKMATE-649, and ORIENT-16 have demonstrated that incorporating immune checkpoint inhibitors can signifi-
cantly prolong the median survival time.**2° Despite its potential to achieve long-term survival, the benefits of
immunotherapy are not universal, as some patients fail to experience improved outcomes when it is combined with
chemotherapy. Thus, a key research focus is identifying biomarkers that can effectively predict which patients will most
likely benefit from treatment. Tumor markers, as antigens associated with tumor cells, may indicate heightened
immunogenicity in certain patients. Hence, it is crucial to determine whether patients with significantly high tumor
marker levels gain greater benefits from immunotherapy.

In this study, we investigated the therapeutic effectiveness and prognosis of patients with gastric cancer with varying
levels and degrees of elevated tumor markers. In first-line treatment for advanced gastric cancer, significant differences
were observed in remission rates across different tumor marker levels (p=0.039). Notably, the ORR increased with the
number of elevated tumor markers, suggesting that patients with a higher number of elevated markers were more likely to
achieve remission. Additionally, in first-line chemotherapy for gastric cancer, patients with varying levels of elevated
tumor markers exhibited statistically significant differences in PFS (p=0.007). Further analysis revealed disparities in
PFS between patients with a single elevated marker and those with multiple elevated markers. However, no significant

Table 4 Relationship Between Tumor Markers and the Efficacy of Immunotherapy Plus Chemotherapy in
Stage IV Disease

Therapeutic Index | Negative | Single Marker Elevated | Multiple Markers Elevated | z° p-value
ORR (%) 36.7 40.0 49.0 1.351 | 0.509
DCR (%) 96.7 86.7 94.1 2491 | 0.288
PFS (month) 6.0 7.0 6.0 1.480 | 0.477

Abbreviations: ORR, objective response rate; DCR, disease control rate; PFS, progression-free survival.
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Figure 3 Progression-free survival curve of each group after immunotherapy combined with chemotherapy. No difference was found between PFS and the number of
increased tumor markers after immunotherapy combined with chemotherapy (p = 0.477).

difference in PFS was found between patients with negative tumor markers and those with single or multiple elevated
markers. No correlation was found between tumor markers and ORR, DCR, or PFS in patients treated with a combination
of immunotherapy and chemotherapy. However, an increasing trend in the ORR was observed in this treatment group as
the number of tumor markers increased.

Patients with elevated tumor markers had a poor prognosis. After first-line treatment, patients with multiple elevated
markers had a PFS of 5.3 months, which is significantly lower than a PFS of 8 months observed for those with a single elevated
marker. The addition of immune checkpoint inhibitors improved the prognosis for patients with multiple elevated markers,
increasing their PFS to 6 months. This finding suggests that patients with multiple elevated markers could benefit from the
addition of immune checkpoint inhibitors. To further identify the immunologically advantaged population, we compared the
relationship between ORR, DCR, and PFS between the groups: patients with any increase in a tumor marker >5 times and
a total metastasis diameter <6 cm versus those with negative tumor markers and a metastasis diameter >6 cm. A significant
difference in the ORR was observed (p=0.045), with the first group demonstrating superior short-term efficacy. This result
indicates greater sensitivity to immune checkpoint inhibitors and better therapeutic outcomes when metastasis is smaller and
tumor marker elevation is higher. Multi-marker elevation (>5-fold) with limited metastatic burden (<6¢cm) predicts superior
immunotherapy response, such a result may occur for the following reasons: 1) Immunogenicity perspective: Elevated markers
(CEA/CA19-9/CA72-4/CA125) may indicate increased tumor-associated antigen presentation, enhancing T-cell activation
potential with checkpoint inhibitors; 2) Tumor biology implications: The >5-fold threshold could reflect hypermetabolic/
aggressive tumors more vulnerable to immune-mediated cytotoxicity; 3) Microenvironment interactions: The <6cm metastasis

constraint suggests limited immunosuppressive stroma, permitting better drug penetration and immune cell infiltration.

Table 5 Efficacy Relationship According to Tumor Marker Levels and Total Metastasis Diameter Following Immunochemotherapy
Treatment

Therapeutic | Any Increase in a Tumor Marker =5 Times + Total | Total Negative Tumor Markers + b p-value
index Metastasis Diameter <6 cm Metastasis Diameter 26 cm

ORR (%) 654 36.4 4.022 | 0.045
DCR (%) 84.6 773 0.422 | 0516
PFS (month) 5.0 8.0 1.957 | 0.162

Abbreviations: ORR, objective response rate; DCR, disease control rate; PFS, progression-free survival.
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Figure 4 Progression-free survival curves of two subgroups after immunotherapy combined with chemotherapy. After immunotherapy combined with chemotherapy,
patients with advanced gastric cancer were divided into two groups based on the degree of increase in tumor markers and the total metastatic diameter. The relationship
between PFS and the two groups (any increase in a tumor marker 25 times + total metastasis diameter <6 cm vs negative tumor markers + metastatic diameter 26 cm) was
compared, with no significant differences (p = 0.162).

Conclusion

The simultaneous expression of multiple tumor markers is significantly correlated with the differentiation degree, clinical
stage, Lauren classification, and tumor burden of gastric cancer. Tumor marker levels are closely linked to both short-
term efficacy and patient prognosis. In the treatment of advanced gastric cancer, the short-term efficacy of groups with
elevated levels of a single or multiple tumor markers is better than that of the groups with negative markers. Especially,
the PFS of the group with elevated single marker levels is longer and the prognosis is better. In the subgroup of patients
receiving immunotherapy combined with chemotherapy, any increase in a tumor marker >5 times and a total metastasis
diameter <6 cm showed better short-term efficacy. The incorporation of immunotherapy has shown potential to improve
outcomes for patients with elevated tumor markers, providing valuable insights for optimizing treatment strategies.

Of note, our research does have some limitations. First, the retrospective study did not provide comprehensive
information on patients’ eating habits, nutrition, physical condition, and the enthusiasm for treatment, resulting in an
imbalance in the baseline data. Second, the cut-off value for the degree of marker elevation that indicates therapeutic
efficacy is currently uncertain and requires more data to gradually analyze and determine. Third, age differences need to
be stratified. Finally, there is a lack of data on OS. Future studies should be designed as prospective studies, and more
patients with better compliance need to be included in the analysis to obtain objective results.

Abbreviations
CEA, carcinoembryonic antigen; PFS, progression-free survival; ORR, objective response rate; DCR, disease control rate.
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