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The combination of CA125, CA199, CEA, @
and AFP is an effective diagnostic biomarker
for gastric cancer in elderly individuals

Xiao-wen Yuan'*", Jia-hao Feng', De bing Huang', Zhan-tao Lu', Hui-ling Ye', Ping Chen' and Lv Deng®

Abstract

Background Serum tumour markers (TMs) such as alpha-fetoprotein (AFP), carcinoembryonic antigen (CEA),
carbohydrate antigen 199 (CA199) and CA125 have been established as prognostic indicators for gastric cancer
(GC); however, the diagnostic value of these markers for GC in older adults has yet to be examined. Therefore, this
study aimed to explore the diagnostic and prognostic significance of AFP, CEA, CA199 and CA125 for GC in elderly
individuals.

Methods A total of 188 patients who visited The Sixth Affiliated Hospital, School of Medicine, South China University
of Technology, from May 2021 to March 2024 were selected for this study. TMs, namely, CA199, CA125, CEA, and AFP,
were examined in all patients. Comparisons of these TMs were conducted among the three groups, and TM levels
were compared in patients with GC at various TNM stages. The diagnostic value of these TMs for GC was evaluated by
calculating the area under the curve (AUC).

Results We selected 89 patients diagnosed with GC: 52 patients with benign gastric diseases and 47 healthy
individuals for our study. The positivity rates of AFP, CA125, CEA and CA199 were significantly greater in the GC group
(31.46%, 31.46%, 43.82% and 23.60%, respectively) than in the benign gastric disease group and healthy control
group. The diagnostic sensitivities of CEA, CA125, CA199 and AFP for GC were 31.46%, 29.21%, 44.90% and 24.72%,
respectively. The combination of these markers yielded a sensitivity of 65.17%, which was significantly greater than
the sensitivity of each marker alone (P <0.05). Additionally, patients with stage |-l disease had significantly lower
serum levels of CEA, CA199, CA125, and AFP than did those with stage Ill-IV disease.

Conclusions The levels of serum TMs, including CA12-5, CEA, CA199 and AFP, are elevated in elderly individuals with
GG, indicating a higher TNM stage. The combination of CEA, CA12-5, CA199 and AFP has enhanced diagnostic value
for GC, thereby offering significant clinical guidance. However, this study is limited by its retrospective design and lack
of external validation, which should be addressed in future prospective trials.
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Introduction

According to global cancer statistics from 2022, approxi-
mately 20.0 million new cancer cases worldwide and
9.7 million fatalities linked to cancer were recorded in
2022. In that year, over 968,000 patients were diagnosed
with gastric cancer (GC), and nearly 660,000 fatali-
ties related to GC were reported. GC ranks fifth in both
occurrence and fatality rates among all cancers globally
[1]. According to reports in the literature, the incidence
of GC is closely related to multiple factors, including
race, Helicobacter pylori infection, sex, age, eating habits,
reflux oesophagitis and heredity [2—4].

Endoscopic biopsy via the upper gastrointestinal tract
is considered the gold standard for diagnosing GC. How-
ever, endoscopy is an invasive, time-consuming proce-
dure and frequently results in considerable discomfort for
patients [5]. Surgical intervention serves as the primary
modality of treatment for GC in current clinical practice
[2]. Early detection of GC can significantly increase the
5-year survival rate to approximately 90% [6]. However,
many patients exhibit no symptoms in the initial phase,
and efficient screening methods for the early detection
of GC are lacking. Therefore, GC patients are frequently
diagnosed at a later stage, preventing them from under-
going surgery within the ideal time frame, resulting in
considerably poor therapeutic outcomes [7]. Therefore,
early diagnosis and prompt treatment are important for
patients with GC.

For early cancer screening globally, serum tumour
marker (TM) testing is widely used [8]. In Japan, nine
types of serum TMs have been approved for tumour sur-
veillance, namely, carbohydrate antigen (CA)125, CA50,
CA199, CA724, alpha-fetoprotein (AFP), carcinoembry-
onic antigen (CEA), sialyl Tn antigen (STN), tissue poly-
peptide antigen (TPA) and inhibitor of apoptosis (IAP)
[9]. TMs such as CEA, AFP, CA199 and CA125 have
been established as prognostic indicators for GC [10-13];

however, their diagnostic value in elderly populations
remains unclear. Previous studies evaluating tumour
markers for GC diagnosis predominantly included
mixed-age cohorts (e.g., 21-85 years) [14—17]. To our
knowledge, no previous meta-analysis has specifically
assessed the combined utility of CA125, AFP, CEA, and
CA199 exclusively in elderly GC patients (> 60 years).

With advancing age, metabolic function declines, oxi-
dative stress increases, and mitochondrial dysfunction
worsens. These changes not only impair the physiologi-
cal functions of normal cells but may also create a favour-
able environment for tumour cell growth and metastasis.
Moreover, cellular senescence and chronic inflammation
during aging contribute to tumour development through
the secretion of various inflammatory mediators and
growth factors. In terms of cancer therapy, older adults,
who have reduced metabolic reserves and weakened
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immune function, may have poorer tolerance and
response to treatments, thus necessitating more person-
alized therapeutic strategies. These distinctions highlight
the importance of considering age-related factors in can-
cer research and clinical practice, guiding the develop-
ment of more precise and effective interventions [18-21].

Therefore, the aim of the current study was to evalu-
ate the diagnostic value of C125, AFP, CEA and CA199
for GC among elderly individuals and to explore the
potential link between these serum TMs and the clini-
cal stage of GC lesions. In our study, the serum levels of
C125, AFP, CEA and CA199 were detected in 89 patients
with GC, 52 patients with benign gastric diseases, and 47
healthy individuals. We subsequently performed a statis-
tical analysis to assess the diagnostic accuracy of these
markers for detecting GC in elderly individuals.

Materials and methods

Patient samples

This study used a retrospective design. Ethics approval
for our study was obtained from the Ethics Commit-
tee of The Sixth Affiliated Hospital, School of Medicine,
South China University of Technology (permit number:
20190106). Written informed consent was obtained from
the patients involved in the study. A total of 188 subjects
who visited The Sixth Affiliated Hospital, School of Med-
icine, South China University of Technology, from May
2021 to March 2024 were selected for this study. No sig-
nificant differences were observed in the baseline char-
acteristics, such as sex and age, among the three groups
(P>0.05).

Among them, the 89 patients with GC (GC group)
included 35 females and 54 males. The average age of the
participants was 69.09 years, ranging from 60 to 87 years.
The GC group was further classified on the basis of TNM
staging [22], with 28 patients having stage I to II disease
and 35 patients having stage III to IV disease.

Additionally, 52 patients with benign gastric lesions
(benign gastric lesion group), including 20 females and
32 males, who visited the hospital during the same period
were enrolled. The average age of the participants was
68.10 years, with ages ranging from 60 to 85 years.

Furthermore, 47 healthy individuals who underwent
physical examinations during the corresponding period
composed the healthy control group. This group included
19 females and 28 males, ranging in age from 60 to 87
years, with an average age of 69.00 years.

Inclusion and exclusion criteria

The inclusion criteria were as follows. (1) All patients in
the GC group were definitively diagnosed with GC by
means of histopathology, whereas those in the benign
gastric lesion group were diagnosed with benign gas-
tric diseases. The patients in the healthy group did not
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have any gastric symptoms, nor did they have a history
of gastric diseases or malignancies. (2) All participat-
ing patients voluntarily signed informed consent forms.
(3) All pertinent clinical information was preserved and
complete.

The exclusion criteria were as follows: (1) patients with
malignant tumours at sites other than the stomach; (2)
patients who had undergone radiotherapy or chemother-
apy due to malignancy; (3) patients with severe dysfunc-
tion of vital organs such as the lungs, heart, liver, brain,
or kidneys; and (4) patients who failed to follow medi-
cal advice during treatment and could not complete the
planned treatment, resulting in incomplete or unanalys-
able data.

Measurement of serum CEA, AFP, CA199 and CA125

All three groups of patients received 5.0 ml of venous
blood drawn on an empty stomach in the morning, and
the samples were left to stand at ambient temperature.
After centrifugation at a speed of 4000 revolutions per
minute for 4 min, the serum portion was separated and
then stored at 2 °C to 8 °C. Under these conditions, the
serum samples remained stable for 12 h. If the duration
exceeded 12 h, the samples were first aliquoted and then
stored at -20 °C for up to 30 days. Additionally, it is essen-
tial to avoid subjecting the serum to more than two cycles
of freezing and thawing.

For testing, magnetic particle chemiluminescence
assays for CEA, CA199, AFP and CA125 were performed
via the Maglumi 4000 fully automated chemilumines-
cence analyser from New Industry, which was paired
with the corresponding TM reagent kits from the same
manufacturer. All the experimental steps were conducted
in strict compliance with the instrument operation
guidelines and reagent kit instructions. Furthermore, the
internal quality control (QC) was confirmed to be satis-
factory prior to the experiments. The cut-off values of the
TMs were established on the basis of the manufacturer-
provided ranges: CA19-9>37 IU/mL; CA125> 35 IU/mL;
CEA >5.093 ng/mL; and AFP>7 IU/mL.

Quality control and calibration

To ensure interlaboratory consistency and reproducibil-
ity, QC procedures were strictly implemented according
to the Clinical and Laboratory Standards Institute (CLSI)
Guideline C24. For each marker (CEA, CA125, CA19-
9, and AFP), controls were run in a singlicate daily and
whenever a new reagent lot or calibrator was introduced.
Control materials (Snibe, REF: 160201220MT) were
matched to the corresponding reagent lot numbers, and
values outside predefined ranges triggered recalibration
and systematic troubleshooting (e.g., verifying reagent
expiration dates, maintenance logs, and protocol adher-
ence). External QC validation was performed periodically
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using standardized panels to minimize variability across
batches.

Performance evaluation

The levels of serum tumour markers were used to con-
struct the ROC curve, and the diagnostic performance
was assessed by calculating the AUC value. If the AUC
was 0.5 or less, the diagnostic method was deemed inef-
fective and lacked meaningful diagnostic value. If the
AUC exceeded 0.5, a higher AUC value, approaching 1,
indicated a better diagnostic outcome. An AUC ranging
from 0.5 to 0.7 suggested relatively poor diagnostic accu-
racy, an AUC value above 0.9 indicated extremely high
diagnostic precision, and an AUC value between 0.71 and
0.90 suggested good diagnostic precision.

Statistical analysis

The data were statistically analysed by means of SPSS
25.0 software. Differences among multiple groups were
assessed by one-way analysis of variance (ANOVA),
whereas between-group differences were analysed using
an independent samples t test. Statistical significance was
considered at P<0.05. A power analysis (G*Power3.1.9.7)
revealed 80% power to detect significant differences in
AUC values (a=0.05, effect size=0.25), supporting the
robustness of our findings. We performed a multivari-
ate logistic regression analysis to evaluate the indepen-
dent contribution of each TM (CEA, CA199, CA125, and
AFP) to the diagnosis of cancer, adjusting for age and sex.

Results

Comparison of the positivity rates of TMs among the three
groups of patients

The positivity rates for each TM are presented in Table 1.
The positivity rates of CA125, CEA, AFP and CA199 in
the healthy group were 0.00%, 2.13%, 2.13% and 0.00%,
respectively. The positivity rates of CA125, CEA, AFP
and CA199 in the benign gastric lesion group were 5.77%,
1.92%, 3.85% and 0.00%, respectively. The positivity rates
of CA125, CEA, AFP and CA199 in the GC group were
43.82%, 31.46%, 23.60% and 31.46%, respectively. Com-
pared with both the healthy control group and the group
with benign gastric lesions, the GC group had signifi-
cantly higher positivity rates for CA125, CA199, CEA,
and AFP (P<0.05). Conversely, there were no significant
differences in the levels of these serum tumour markers
between the benign gastric lesion group and the healthy
control group (P>0.05) (Table 1).

Comparison of the positivity rates of TMs in patients with
different TNM stages of GC

The positivity rates of the TMs in patients with different
TNM stages of GC are presented in Table 2. The posi-
tivity rates of CA125, CEA, AFP and CA199 in patients
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Table 1 Comparison of the positivity rates of CEA, CA199, AFP, and CA25 among the three groups
Groups CEA CA199 CA125 AFP
N Negative Positive Negative Positive Negative Positive Negative Positive

Healthy 47 46 1 47 0 47 0 46 1
Benign gastric lesion 52 51 1 52 0 49 3 50 2
Gastric cancer 89 61 28 61 28 50 39 68 21
P *0.52 *1 *0.278 *>0.93

#<0.001 #<0.001 #<0.001 #0.003

A<0.001 A<0.001 A<0.001 A0.005

*Comparison between the benign lesion group and the control group, #Comparison between the control group and the gastric cancer group, AComparison

between the benign lesion group and the gastric cancer group

Table 2 Comparison of C125, CA199, CEA and AFP positivity rates in patients with different TNM stages of GC

Groups N CEA CA199 CA125 AFP
Negative Positive Negative Positive Negative Positive Negative Positive
[~II 28 26 2 27 22 6 28 0
I\% 61 35 26 34 27 28 33 40 21
P 0.002 <0.001 0.008 0.001

Table 3 Diagnostic value of C125, CA199, CEA and AFP in GC

Tumour marker Cut-off value Sensitivity (%) Specificity (%) Positive predictive value(%) Negative predictive value(%)
CA199 37.001U/mL 29.21 100 100 42.73
5.305 1U/mL 91.01 87.23 93.1 83.67
CEA 5.09 ng/mL 3146 97.98 96.55 4299
3.07 ng/mL 5393 82.98 85.71 48.75
CA125 35.00 IU/mL 44.94 100 100 48.96
AFP 7.00 IU/mL 24.72 97.87 95.65 40.71
7.20 IU/mL 24.72 100 100 41.23
Combination 65.17 95.74 96.67 59.21
0.741 98.85 85.11 92.63 85.56

with stage I~II GC were 21.43%, 7.14%, 0.00% and
3.57%, respectively. The positivity rates of CA125, CEA,
AFP and CA199 in patients with stage III~IV GC were
54.10%, 42.62%, 34.43% and 44.26%, respectively. When
the positivity rates of serum CEA, CA199, CA125, and
AFP in GC patients at different TNM stages were com-
pared, patients with stage I-II disease had significantly
lower levels of these markers than did those with stage
ITI-IV disease (P <0.05), as shown in Table 2.

Diagnostic value of individual and combined detec-
tion of serum indicators in gastric cancer among elderly
patients.

First, we used the normal reference range of our insti-
tution to determine the cut-off values. Consequently, we
observed that the sensitivities of CA125, CA199, CEA,
and AFP for detecting GC were 44.94%, 29.21%, 31.46%,
and 24.72%, respectively. However, when these markers
were combined for detection, the sensitivity increased
to 65.17%. We subsequently utilized the ROC curve to
establish the diagnostic cut-off values for CA125, CA199,
CEA, and AFP, which were 35.00 IU/mL, 5.305 IU/mL,
3.07 ng/mL, and 7.20 IU/mL, respectively. By using the
optimal cut-off values, we found that the sensitivities of
CEA and CA199 in the diagnosis of GC were 53.93% and

91.01%, respectively. The negative predictive values of
CEA and CA19-9 were 83.67% and 83.67%, respectively
(Table 3).

As shown in Fig. 1, the AUCs for the diagnosis of
GC when CEA, CA199, CA125, and AFP were used
as single tests and in combination were 0.727 (95% CI:
0.643-0.812), 0.949 (95% CI: 0.914-0.984), 0.709 (95%
CI: 0.625-0.793), 0.372 (95% CI: 0.278-0.467), and 0.981
(95% CI: 0.961-1.000), respectively. The diagnostic signif-
icance of the combined diagnostic test was significantly
greater than that of the single diagnostic test (P<0.001).

After adjusting for age and sex, CEA (OR=1.33,
P=0.039) and CA199 (OR=1.09, P<0.001) remained
independently associated with cancer risk, whereas AFP
and CA125 lost significance (Fig. 2). Notably, the confi-
dence intervals for some of these estimates are relatively
wide, indicating variability in the results. Additionally,
while the combination of markers showed improved
diagnostic accuracy (AUC=0.981), this model should be
interpreted with caution as it does not imply causality but
rather an association. Regarding the association between
sex and cancer risk, our analysis revealed an odds ratio
of 1.96 (95% CI: 0.86—4.48) with a p-value of 0.109, indi-
cating that this association is not statistically significant.
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Fig. 1 Diagnostic value of individual and combined detection of serum indicators in elderly patients with GC
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Fig. 2 Forest Plot of the Multivariate Logistic Regression Analysis. OR: odds ratio, Cl: confidence interval
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Therefore, we cannot conclude that sex is a significant
risk factor based on these results.

Discussion

To date, the importance of various serum tumour mark-
ers in diagnosing and predicting the outcome of patients
with GC has been investigated in numerous studies
[23-25]. Thus far, the prognostic significance of serum
tumour markers for GC in elderly patients remains unex-
plored. Hence, the aim of the current study was to eval-
uate the value of CA125, CA199, CEA, and AFP in the
diagnosis of GC among elderly patients by analysing the
data of 89 GC patients, 52 patients with benign gastric
lesions and 47 healthy people.

The results of our study revealed that the positivity
rates of CA125, CA199, CEA, and AFP in GC patients
were notably higher than those in patients with benign
stomach disease and those in the control group. These
findings indicate that CA125, CA199, CEA, and AFP are
markedly elevated in individuals with GC and serve as
supplementary clinical diagnostic indicators. The posi-
tivity rates of CA125, CEA, CA199 and AFP expression
in early-stage (I-II) GC are notably lower than those in
later-stage (III-IV) GC. On the basis of the aforemen-
tioned results, we propose that these tumour markers do
not have a notable effect on early-stage GC. Monitoring
the levels of CA125, CA199, CEA and AFP is beneficial
for clinically distinguishing the emergence and progres-
sion of GC in elderly individuals. Combining these mark-
ers enhances diagnostic sensitivity and correlates with
TNM staging, making them clinically relevant.

Stratification revealed that the increases in CEA and
CA199 levels in stage I-II GC patients in our study were
7.14% and 3.57%, respectively. These findings are consis-
tent with those from other studies, suggesting that the
positivity rates of CA199 and CEA are low in patients
with early-stage GC [14, 15]. The AFP positivity rate
in our study was 23.60% in GC patients: it was 0% in
patients with stages I-II disease and 34% in patients with
stages III-IV disease. These findings suggest that AFP is
more likely to be positive in advanced-stage GC than in
early-stage GC, which is consistent with previous find-
ings [26].

In our study, we observed that the positivity rates of
CA125, CA1995, CEA and AFP were 43.82%, 31.46%,
31.46% and 23.6%, respectively, and the positivity rates of
CA125, CA199 and CEA were similar to those reported
in previous studies [9, 14, 16-17]. However, impor-
tantly, AFP has lower diagnostic sensitivity, raising con-
cerns about its usefulness as a standalone marker for GC
detection. The low sensitivity of AFP can be attributed to
tumour heterogeneity and the specific subtypes of GC.
For example, AFP-producing GC (AFPGC) is a distinct
subtype characterized by high serum AFP levels and
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aggressive behaviour, including a high incidence of liver
metastasis [27]. The variability in AFP expression across
different GC subtypes highlights the need for a compre-
hensive approach for diagnosis, particularly in elderly
individuals, where advanced-stage GC is more common.
However, the positivity rate of AFP was higher than that
reported in previous studies [28]. This may be caused by
multiple factors, including variations in detection meth-
ods, heterogeneity among patient populations, and sam-
ple size, among others.

To address the limitations of AFP as a standalone
marker, we emphasize the importance of integrating
AFP with other TMs, such as CA125, CA199, and CEA.
Our results indicated that the combination of these bio-
markers could further improve the diagnostic precision
for GC. These findings indicate that the combination of
several tests could significantly improve the diagnostic
accuracy of GC in elderly individuals, which aligns with
the findings of previous studies [11, 29-30]. The multi-
variate logistic regression analysis revealed that CEA and
CA199 are independent predictors of cancer diagnosis,
even after adjustment, whereas CA125 and AFP did not
significantly differ.

When the cut-off values obtained from the ROC curve
were applied, an improvement in diagnostic sensitivity
was observed, with the cut-off values for CEA and CA199
being lower than those used in clinical practice (Table 3).
This finding indicates that suitably reducing the cut-off
values of CEA and CA199 could be beneficial for enhanc-
ing their diagnostic value in GC, yet the optimal cut-off
values should be determined by future studies with larger
sample sizes. The integration of these markers into clini-
cal screening protocols can enhance early detection and
cost-effectiveness. Early detection is crucial for improv-
ing patient outcomes, and the combined use of these
TMs can increase diagnostic accuracy. This approach is
cost-effective compared with more invasive diagnostic
procedures, as blood tests are relatively inexpensive and
can be easily incorporated into routine health check-
ups. The total reagent cost for our four-marker panel
CA125+CA199 + CEA + AFP) is ¥170, which is consid-
erably lower than the cost of gastroscopy (¥777 per pro-
cedure). This cost difference results in a direct savings of
¥607 per screened case while maintaining 65.17% sensi-
tivity for GC detection.

However, it is important to consider the potential
risks of overdiagnosis and unnecessary endoscopic pro-
cedures when lowering the cut-off values. While lower
cut-off values can increase sensitivity, it may also lead to
an increase in false positives, thereby prompting further
invasive investigations and interventions that might not
be necessary. Therefore, clinicians should carefully bal-
ance the sensitivity and specificity of these tests when
applying them in real-world settings. The decision to



Yuan et al. World Journal of Surgical Oncology (2025) 23:142

proceed with additional diagnostic procedures should
be based on a comprehensive assessment of the patient’s
clinical history, symptoms, and other relevant diagnostic
information, rather than relying solely on tumour marker
levels.

Studies have shown that the use of the G8 score to
screen elderly GC patients can optimize chemother-
apy safety and that muscle mass assessment is valuable
in personalized treatment. These findings support the
integration of biomarkers and multidimensional health
assessments in the diagnosis and management of GC in
elderly individuals to improve diagnostic and therapeutic
precision [31-32].

However, our study has certain limitations. First, the
sample size was relatively small, which may limit the gen-
eralizability of our findings. The small sample size might
have affected the statistical power and ability to detect
significant differences in some subgroups. Future studies
with larger cohorts are needed to validate our results and
further explore the diagnostic and prognostic value of
these serum TMs in elderly patients with GC. Second, we
did not assess the prognostic significance of postopera-
tive TM levels for the recurrence patterns and prognosis
of early GC patients. Second, owing to the limitations
of our retrospective study design, we encountered sig-
nificant challenges in obtaining complete follow-up data,
including information on survival rates and recurrence.
Consequently, we were unable to assess the prognostic
significance of postoperative TM levels for the recur-
rence patterns and prognosis of early GC patients. We
recognize that this is a major limitation of our study and
plan to address it in future prospective studies with more
rigorous follow-up protocols to collect comprehensive
long-term outcome data.

Further research should be conducted to delve deeper
into the diagnostic significance of postoperative serum
tumour marker levels. Finally, we did not investigate the
correlation between the tumour site and tumour mark-
ers. In the future, we plan to explore the relationships
between the tumour site and tumour markers.

Conclusions

In summary, the levels of CA125, CA199, CEA, and AFP
are closely related to the occurrence of gastric cancer and
also to the extent of gastric cancer progression. Monitor-
ing the levels of CA125, CA199, CEA and AFP is ben-
eficial for clinically distinguishing the occurrence and
development of GC in elderly individuals.

In the future, the diagnostic significance of postopera-
tive serum TM levels and the correlation between the
tumour site and TMs still need to be explored in depth
to realize the clinical application of TMs with greater
value. Additionally, while this study provides meaning-
ful insights into GC diagnostics in elderly individuals,
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validation in larger, prospective, and multicentre studies
is necessary before these findings can be implemented in
routine practice.

Acknowledgements

We express our sincere gratitude to the staff for their invaluable assistance in
conducting this research. Additionally, we thank the team at the American
Journal Experts language service for their professional academic editing
support.

Author contributions

Jia- hao Feng, De bing Huang, Hui-ling Ye and Ping Chen coordinated
and performed all sample analyses. Xiao-wen Yuan and Lv Dengdrafted
and revised the manuscript. All the authors read and approved the final
manuscript.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Data availability

Sequence data that support the findings of this study have been deposited in
a secure data repository at South China University of Technology.The datasets
generated and/or analysed within this study are not publicly available
because of the need to safeguard the participants’anonymity. However, they
can be obtained from the corresponding author upon justifiable request.

Declarations

Ethics approval and consent to participate

The present study was authorized by the Ethical Committee of The Sixth
Affiliated Hospital, School of Medicine, South China University of Technology
(permit number: 20190106). Written informed consent was obtained from the
patients involved in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 14 February 2025 / Accepted: 29 March 2025
Published online: 12 April 2025

References

1. BrayF, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram |, et al. Global
cancer statistics 2022: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2024;74:229-63.

2. Smyth EC, Nilsson M, Grabsch HI, Grieken NC, Lordick F. Gastric cancer. Lan-
cet. 2020;396:635-48.

3. Petryszyn P, Chapelle N, Matysiak-Budnik T. Gastric Cancer: where Are We
Heading? Dig Dis. 2020;38:280-5.

4. Karimi P, Islami F, Anandasabapathy S, Freedman ND, Kamangar F. Gastric
cancer: descriptive epidemiology, risk factors, screening, and preven-
tion. cancer epidemiology, biomarkers & prevention: a publication of the
American association for cancer research. Cosponsored Am Soc Prev Oncol.
2014;23(5):700-13.

5. YaoK,Uedo N, KamadaT, Hirasawa T, Nagahama T, Yoshinaga, et al.
Guidelines for endoscopic diagnosis of early gastric cancer. Dig Endosc.
2020;32:663-98.

6. LiT, Liu P, Xiang B. Therapeutic effects of endoscopic mucosal resec-
tion on the recovery and prognosis of early gastric cancer. J BUON.
2019;24(3):1087-91.

7. Machlowska J, Baj J, Sitarz M, Maciejewski R, Sitarz R. Gastric cancer: epide-
miology, risk factors, classification, genomic characteristics and treatment
strategies. Int J Mol Sci. 2020,21.

8. Matsuoka T, Yashiro M. Biomarkers of gastric cancer: current topics and future
perspective. World J Gastroenterol. 2018;24(26):2818-32.



Yuan et al. World Journal of Surgical Oncology

(2025) 23:142

Shimada H, Noie T, Ohashi M, Oba K, Takahashi Y. Clinical significance of
serum tumor markers for gastric cancer: a systematic review of literature

by the task force of the Japanese gastric cancer association. Gastric Cancer.
2014;17(1):26-33.

Ruhan Wang J, Li D, Xu R, Li P, Gong. Dynamic change in serum Alpha-feto-
protein level predicts treatment response and prognosis of Alpha-fetopro-
tein-producing gastric cancer. Med (Baltim). 2020;99(47).e23326.

Zhen Wang T-M, Mo L, Tian J-Q, Chen. Gastrin-17 combined with CEA, CA12-5
and CA19-9 improves the sensitivity for the diagnosis of gastric cancer. Int J
Gen Med. 2021;14:8087-95.

Chuhong Pang Y, Ma W, Shi M, Zi J, Chen C, Liang, et al. Prognostic signifi-
cance of serum tumor markers in various pathologic subtypes of gastric
cancer. J Gastrointest Surg. 2024,28(5):694-702.

Liu X, Cheng Y, Sheng W, Lu HF, Xu Y, Long ZW, et al. Clinicopathologic fea-
tures and prognostic factors in alpha-fetoprotein-producing gastric cancers:
analysis of 104 cases. J Surg Oncol. 2010;102(3):249-55.

Feng F, Tian Y, Xu G, Zhen Liu Z, Liu SS, Zheng GZ, et al. Diagnostic and
prognostic value of CEA, CA19-9, AFP and CA125 for early gastric cancer. BMC
Cancer. 2017;17(1):737.

Liang Y, Wang W, Fang C, Raj SS, Hu WM, Li QW, et al. Clinical significance and
diagnostic value of serum CEA, CA19-9 and CA72-4 in patients with gastric
cancer. Oncotarget. 2016;7(31):49565-73.

Sun Z, Zhang N. Clinical evaluation of CEA, CA19-9, CA72-4 and CA125in
gastric cancer patients with neoadjuvant chemotherapy. World J Surg Oncol.
2014;12:397.

Wang W, Chen XL, Zhao SY, Xu YH, Zhang WH, Liu K, et al. Prognostic signifi-
cance of preoperative serum CA125, CA19-9 and CEA in gastric carcinoma.
Oncotarget. 2016;7(23):35423-36.

Ana P, Gomes D, Ilter V, Low JE, Endress A, Rosenzweig et al. Age-induced
accumulation of methylmalonic acid promotes tumour progression. Nature,
2020;585(7824):283-287.

Carlos Lopez-Otin F, Pietrocola D, Roiz-Valle L, Galluzzi. Guido Kroemer Meta-
hallmarks Aging cancer Cell Metab. 2023;35(1):12-35.

Chon J, Timilshina N, AIMugbel F, Jin R, Monginot S, Tejero |, et al. Validity of

a self-administered G8 screening test for older patients with cancer. J Geriatr
Oncol. 2023;14(7):101553.

Decker-Farrell PA-MA, Janowitz T. Ayelet erezmetabolic interplays between
the tumour and the host shape the tumour macroenvironment. Nat Rev
Cancer, 2025.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

Page 8 of 8

Kumagai K, Sano T. Revised points and disputed matters in the eighth
edition of the TNM staging system for gastric cancer. Jpn J Clin Oncol.
2021;51:1024-7.

Jin Z, Jiang W, Wang L. Biomarkers for gastric cancer. Progression in early
diagnosis and prognosis (review). Oncol Lett. 2015;9(4):1502-8.

Ning S, Wei W, Li J, Hou B, Hou BB, Zhong JH, Xie YX; et al. Clinical significance
and diagnostic capacity of serum TK1, CEA, CA 19-9 and CA 72-4 levels in
gastric and colorectal cancer patients. J Cancer. 2018;9:494-501.
Chong-Mei Zhou S-H, Zhao. Evaluation of the value of combined detection
of tumor markers CA724, carcinoembryonic antigen, CA242, and CA19-9in
gastricworld. J Gastrointest Oncol. 2024;16(5):1737-44.

Vatansever S, Ozer MK, Erdogan El. Prognostic significance of alpha-feto-
protein in gastric adenocarcinoma. Prz Gastroenterol. 2022;17(1):35-40.
LiY,LinY, Zhao L, Yang C, Wang B, Gao Z, et al. Characteristics of alpha-feto-
protein-positive. Gastric cancer Revealed Anal cancer Databases Transcrip-
tome Sequencing Data Transl Oncol. 2023;36:101737.

Kono K, Amemiya H, Sekikawa T. Clinicopathologic features of gastric cancers
producing alpha—fetoprotein[J].Dig Surg, 2002, 19(5): 359-65.

Yang AP, Liu J, Lei HY, Zhang QW, Zhao L, Yang GH, et al. CA72-4 combined
with CEA, CA125 and CAI9-9 improves the sensitivity for the early diagnosis
of gastric cancer. Clin Chim Acta. 2014;437:183-6.

Chen C, Chen Q, Zhao Q Liu M, Guo JW. Value of combined detection of
serum CEA, CA72-4, CA19-9, CA15-3 and CA12-5 in the diagnosis of gastric
cancer. Ann Clin Lab Sci. 2017;47(3):260-3.

Zurlo IV, Pozzo C, Strippoli A, Mignogna S, Basso M, Vivolo R, et al. Safety and
efficacy of a First-Line chemotherapy tailored by G8 score in elderly meta-
static or locally advanced gastric and Gastro-Esophageal cancer patients: A.
Anal Geriatr (Basel). 2022;7(5):107. Real-World.

ZurloV, Rosa F, Rinninella E, Pontolillo L, Beccia V, Maratta M, et al. Impact
of muscle mass loss on outcomes in advanced or metastatic gastric cancer
patients receiving a second-line treatment. Eur Rev Med Pharmacol Sci.
2024;28(4):1575-84.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿The combination of CA125, CA199, CEA, and AFP is an effective diagnostic biomarker for gastric cancer in elderly individuals
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Patient samples
	﻿Inclusion and exclusion criteria
	﻿Measurement of serum CEA, AFP, CA199 and CA125
	﻿Quality control and calibration
	﻿Performance evaluation
	﻿Statistical analysis

	﻿Results
	﻿Comparison of the positivity rates of TMs among the three groups of patients
	﻿Comparison of the positivity rates of TMs in patients with different TNM stages of GC

	﻿Discussion
	﻿Conclusions
	﻿References


