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ABSTRACT

Aims: The prognostic value of preoperative serum tumor markers in gastric cancer remains controversial. This study aimed
to evaluate the association of preoperative carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA 19-9) levels
with clinicopathological characteristics, postoperative outcomes, and overall survival in patients undergoing laparoscopic
gastrectomy with D2 lymphadenectomy.

Methods: This retrospective cohort study included patients who underwent laparoscopic gastrectomy with D2 lymphadenectomy
for gastric cancer. Patients with stage IV disease or those who received neoadjuvant chemotherapy were excluded. Preoperative
CEA and CA 19-9 levels were categorized according to standard cutoft values. Clinicopathological characteristics, postoperative
complications, resection margin status, and overall survival were analyzed. Kaplan-Meier survival analysis and multivariate Cox
and logistic regression models were used to identify independent predictors of outcomes.

Results: A total of 126 patients were included. Elevated preoperative CEA and CA 19-9 levels were observed in 10.3% and 18.3%
of patients, respectively. Elevated CA 19-9 levels were significantly associated with advanced tumor depth (T3-4), lymph node
metastasis, and lymphovascular invasion, whereas CEA levels showed no significant association with clinicopathological features.
Conversion to open surgery was required in 15 patients (11.9%). Major postoperative complications (Clavien-Dindo grade >III)
occurred in 2.4% of patients and were independently associated with an ASA score >3. Multivariate analysis demonstrated that
neither CEA nor CA 19-9 levels independently predicted postoperative complications or positive resection margins. During
follow-up, 37 deaths were recorded. Overall survival did not differ significantly according to preoperative CEA or CA 19-9
levels. In multivariate Cox regression analysis, pathological stage III was the only independent predictor of overall survival.

Conclusion: Preoperative CA 19-9 levels are associated with aggressive pathological features in gastric cancer but do not
independently predict overall survival, postoperative morbidity, or resection margin status in patients undergoing laparoscopic
gastrectomy with D2 lymphadenectomy. Serum tumor markers should be interpreted as indicators of tumor burden rather than
independent prognostic factors.
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INTRODUCTION

Gastric cancer is the fifth most common malignancy and
the third leading cause of cancer-related deaths worldwide.'
Despite advances in diagnosis and multimodal treatment
strategies, prognosis for patients with advanced disease
remains poor, with significantly low 5-year survival rates for
stage Il and IV disease. The cornerstone of curative treatment
for localized and locally advanced gastric adenocarcinoma
is surgical resection with D2 lymphadenectomy.” In recent
years, minimally invasive laparoscopic gastrectomy has
gained widespread acceptance, demonstrating oncological
equivalence to open surgery while offering advantages such
as reduced surgical trauma, less postoperative pain, and faster
recovery leading to an earlier return to routine activities.’

*Corresponding Author: Hiiseyin Kocaaslan, huseyinkocaaslan@hotmail.com
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Accurate preoperative staging and risk stratification are
crucial for informed treatment decisions and patient outcome
assessment. While imaging modalities like computed
tomography (CT) and endoscopic ultrasound (EUS) provide
vital anatomical information, they have limitations in
precisely assessing tumor biology and metastatic potential.
Consequently, there is a continuous need for reliable, easily
accessible biomarkers to complement imaging in predicting
tumor behavior, surgical treatment response, and ultimate
prognosis.*

Carcinoembryonic antigen (CEA) and carbohydrate antigen
19-9 (CA 19-9) are commonly used serum tumor markers
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in gastrointestinal malignancies. Their conventional role is
monitoring for recurrence during postoperative follow-up.
However, in colorectal and pancreatic cancers, preoperative
elevation is also known to correlate with advanced disease and
worse survival.” Yet, their specific prognostic utility in gastric
adenocarcinoma, particularly within the context of modern
minimally invasive surgery, is less clearly defined and remains
an area of ongoing research. While some studies®’ suggest
that preoperative elevation of these markers is associated
with deeper tumor invasion, lymph node metastasis, and
higher disease stage, their impact on both immediate
surgical outcomes and long-term survival after laparoscopic
gastrectomy requires further elucidation.

In patients with gastric adenocarcinoma, preoperative
elevation of serum CEA and CA 19-9 may be associated
not only with more aggressive tumor pathology but also
with higher postoperative morbidity and worse long-term
oncological outcomes following laparoscopic gastrectomy.
This retrospective cohort study aimed to comprehensively
evaluate the value of these routine biomarkers in predicting
both early postoperative complications and late recurrence,
thereby informing preoperative risk assessment and patient-
tailored treatment approaches.

METHODS

Ethics

This study has been approved by the Scientific Researches
Ethics Committee of Inénii University (Date: 13.01.2026,
Decision No: 2026/9204). All patient data were anonymized
in compliance with confidentiality rules. The study was
conducted in accordance with the ethical principles stated in
the Declaration of Helsinki.

Study Design and Patient Selection

Thisisasingle-center, retrospective cohortstudy. The electronic
medical records of all patients who underwent laparoscopic
gastrectomy at our institution between November 2014 and
March 2020 were reviewed. Patients with histopathologically
confirmed gastric adenocarcinoma were included in the
study. Exclusion criteria were: surgery for pathologies other
than adenocarcinoma (e.g., gastrointestinal stromal tumors,
neuroendocrine tumors, lymphoma), patients with stage IV
disease, those who received neoadjuvant chemotherapy, non-
curative palliative procedures (e.g., bypass gastroenterostomy
only), and missing data on preoperative CEA or CA 19-9
levels. Patients who did not attend regular follow-ups were
also excluded.

Data Collection and Variable Definitions

Patient demographics (age, sex), comorbidities, American
Society of Anesthesiologists (ASA) physical status
classification, and preoperative laboratory values (CEA, CA
19-9) were recorded. Intraoperative data included type of
gastrectomy (distal subtotal, total, proximal), operative time,
estimated blood loss, extent of lymphadenectomy (D1 vs. D2),
and conversion to open surgery.

The primary predictor variables were preoperative serum
CEA and CA 19-9 levels. Based on commonly accepted

clinical thresholds, patients were divided into two groups for
each marker: CEA-high (=5.0 ng/ml) and CEA-low/normal
(<5.0 ng/ml), and CA 19-9-high (=37 U/ml) and CA 19-9-low/
normal (<37 U/ml).

Outcome variables were categorized as early postoperative
and long-term oncological outcomes:

o Early outcomes: Postoperative complications graded
according to the Clavien-Dindo® (CD) classification;
major complications were defined as CD grade III or
higher (requiring surgical, endoscopic, or radiological
intervention or leading to organ dysfunction). Re-
laparotomy, length of hospital stay, and 30-day mortality
were also recorded.

Pathological and oncological outcomes: Pathological
tumor-node-metastasis (PTNM) stage (8" edition AJCC/
UICC), T stage (categorized as T1/T2 vs. T3/T4), lymph
node metastasis (NO vs. N+), resection margin status (RO
vs. R1), and disease recurrence during follow-up.

Surgical Procedure and Postoperative Management

All surgeries were performed by experienced surgeons
specialized in gastrointestinal surgery. The standard
approach involved performing total/partial gastrectomy
using a laparoscopic technique with 5-port placement. D2
lymphadenectomy was performed for advanced tumors when
technically feasible and medically safe, while D1 or DI+
dissection was considered for early-stage disease or high-
risk patients. Reconstruction was performed via Roux-en-Y
gastrojejunostomy or esophagojejunostomy. Postoperative
care was provided according to a standardized Enhanced
Recovery After Surgery (ERAS) protocol. After discharge,
patients were called for outpatient clinic controls every 3
months for the first 2 years. Patients underwent physical
examination along with laboratory tests including tumor
markers (CEA, CA 19-9). Imaging was performed with CT.
An upper gastrointestinal endoscopy control was performed
at the twelfth month. After two years, patients were invited
for outpatient clinic controls every 6 months, and laboratory
and imaging checks were performed. Postoperative mortality
was defined as death within 90 days of surgery or during the
same hospital stay.

Statistical Analysis

The data analyses were performed using IBM SPSS Statistics
(Version XX; IBM Corp., Armonk, NY, USA). Continuous
variables were tested for normality using the Kolmogorov-
Smirnov test. Normally distributed continuous variables
were expressed as meantstandard deviation, whereas non-
normally distributed variables were presented as median
(interquartile range). Categorical variables were summarized
as frequencies and percentages.

Comparisons between groups were performed using the
independent samples t-test or Mann-Whitney U test for
continuous variables, as appropriate, and the Chi-square test
or Fisher’s exact test for categorical variables. Preoperative
CEA and CA 19-9 levels were dichotomized according to
standard cutoff values (CEA >5 ng/ml and CA 19-9 >37 U/ml).
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Overall survival (OS) was defined as the time from surgery to
death from any cause or last follow-up and was analyzed using
the Kaplan-Meier method. Survival curves were compared
using the log-rank test. Multivariate survival analysis was
performed using the Cox proportional hazards regression
model, including clinically relevant variables such as age,
sex, ASA score, pathological stage, and preoperative tumor
marker levels. Results were reported as hazard ratios (HRs)
with 95% confidence intervals (CIs).

Postoperative complications were classified according to the
Clavien-Dindo system, and major complications were defined
as grade I1I or higher. Multivariate logistic regression analysis
was performed to identify independent predictors of major
postoperative complications, incorporating age, ASA score,
tumor depth, nodal status, and tumor marker levels. Results
were expressed as odds ratios (ORs) with 95% Cls.

To evaluate predictors of positive resection margins (R1
resection), multivariate logistic regression analysis was
conducted in patients with available margin status data,
including preoperative CA 19-9 level, tumor depth, and nodal
status as covariates. Due to the limited number of R1 events,
these analyses were interpreted cautiously.

Disease-free survival analysis was not performed because the
timing of tumor recurrence was not consistently available for
all patients, which could have introduced significant bias in
this retrospective cohort.

All statistical tests were two-sided, and a p-value <0.05 was
considered statistically significant. Given the exploratory
nature of the study, no formal adjustment for multiple
comparisons was applied.

RESULTS

Patient Demographics and Baseline Characteristics

After exclusion of patients with stage IV disease and those
who received neoadjuvant chemotherapy, a total of 126
patients were included in the final analysis. The mean age was
61.2+12.4 years, and 81 patients (64.3%) were male. The mean
body-mass index was 25.3+5.0 kg/m?, and 28 patients (22.2%)
had an ASA score >3.

Pathological evaluation revealed that 69.8% of patients had
T3-4 tumors, and 69.8% had lymph node metastasis (N+).
Lymphovascular invasion and perineural invasion were
observed in 72.2% and 56.3% of patients, respectively.

Tumor localization was predominantly in the distal one-third
of the stomach (57.1%), followed by the middle one-third
(11.1%).

Elevated preoperative CEA levels (>5 ng/ml) were detected in
13 patients (10.3%), whereas elevated CA 19-9 levels (>37 U/
ml) were observed in 23 patients (18.3%).

All patients underwent laparoscopic gastrectomy with D2
lymphadenectomy. Conversion to open surgery was required
in 15 patients (11.9%).
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Postoperative complications were classified according to the
Clavien-Dindo system. Minor complications (grade I-II)
occurred in 123 patients (97.6%), whereas major complications
(grade =III) were observed in 3 patients (2.4%) (Table 1).

Table 1. Demographic and clinicopathological characteristics of the study

population

Variable Value
Total patients 126
Age, mean+SD (years) 61.2+£12.4
Male sex, n (%) 81 (64.3%)
BMI, mean+SD (kg/m?) 25.3+5.0
ASA >3, 1n (%) 28 (22.2%)
Stage I-11, n (%) 60 (47.6%)
Stage IIL, n (%) 56 (44.4%)
T3-4,1 (%) 88 (69.8%)
N+, n (%) 88 (69.8%)
Lymphovascular invasion, n (%) 91 (72.2%)
Perineural invasion, n (%) 71 (56.3%)
CEA high (>5 ng/ml), n (%) 13 (10.3%)
CA 19-9 high (>37 U/ml), n (%) 23 (18.3%)
Minor complication (Clavien I-II), n (%) 123 (97.6%)
Major complication (Clavien III-V), n (%) 3 (2.4%)
Tumor location-proximal/cardia, n (%) 0 (0.0%)*

14 (11.1%)
72(57.1%)
15 (11.9%)

Tumor location-corpus, n (%)
Tumor location-distal/antrum, n (%)
Conversion to open surgery

*Proximal tumors were excluded from our study because they received neoadjuvant therapy.

SD: Standard deviation, BMI: Body-mass index, ASA: American Society of Anesthesiologists,
CEA: Carcinoembryonic antigen, CA: Carbohydrate antigen

Association between Preoperative CEA Levels and
Clinicopathological Variables

When patients were stratified according to preoperative CEA
levels, no statistically significant differences were observed
between the CEA-normal and CEA-elevated groups with
respect to tumor depth, nodal status, lymphovascularinvasion,
perineural invasion, tumor localization, or postoperative
complication rates.

Major postoperative complications were rare in both groups,
and elevated CEA levels were not associated with increased
postoperative morbidity (Table 2).

Table 2. Clinicopathological characteristics according to preoperative CEA

levels

Variable CEA normal (n=113) CEA high (n=13) p value
T3-4,n (%) 78 (69.0%) 10 (76.9%) 0.53
N+, n (%) 77 (68.1%) 11 (84.6%) 0.31
LVL n (%) 80 (70.8%) 11 (84.6%) 0.29
PNI, n (%) 63 (55.8%) 8 (61.5%) 0.67
Major complication 2 (1.8%) 1.(7.7%) 0.19

(Clavien >III)

CEA: Carcinoembryonic antigen, LVI: Lymphovascular invasion, PNI: Perineural invasion
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Association between Preoperative CA 19-9 Levels and
Clinicopathological Variables

In contrast to CEA, elevated preoperative CA 19-9 levels were
significantly associated with adverse pathological features.
Patients with elevated CA 19-9 levels had a significantly
higher incidence of T3-4 tumors compared with those with
normal CA 19-9 levels (p=0.006). Similarly, lymph node
metastasis was significantly more frequent in the CA 19-9-
elevated group (p=0.001).

Lymphovascular invasion was also more commonly observed
in patients with elevated CA 19-9 levels (p=0.045). No
significant differences were found between groups in terms of
perineural invasion, tumor localization, conversion to open
surgery, or postoperative complication rates (Table 3).

Table 3. Clinicopathological characteristics according to preoperative CA

19-9 levels

CA 19-9 normal CA 19-9 high

Variable (n=103) (n=23) p value
T3-4,1n (%) 66 (64.1%) 22 (95.7%) 0.006
N+, n (%) 66 (64.1%) 22 (95.7%) 0.001
LVL n (%) 71 (68.9%) 20 (87.0%) 0.045
PNI, n (%) 56 (54.4%) 15 (65.2%) 0.34
Major complication 2 (1.9%) 1(43%) 048

(Clavien >III)

CA: Carbohydrate antigen, LVI: Lymphovascular invasion, PNI: Perineural invasion

Survival Analysis

The median follow-up duration was 35.6 months (range,
0.3-96.6 months). During the follow-up period, a total of 37
deaths were recorded. OS was analyzed using the Kaplan-
Meier method.

No significant difference in OS was observed between patients
with normal and elevated preoperative CEA levels (log-rank
p=0.970) (Figure 1). Similarly, OS did not differ significantly
between patients with normal and elevated preoperative CA
19-9 levels (log-rank p=0.873) (Figure 2).
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In multivariate Cox proportional hazards regression analysis
including age, sex, ASA score, pathological stage, and tumor
marker levels, pathological stage III emerged as the only
independent predictor of OS (HR 2.98, 95% CI 1.64-5.42,
p<0.001). Neither preoperative CEA nor CA 19-9 levels were
independently associated with OS (Tables 4, Figures 1, 2).

Table 4. Multivariate Cox proportional hazards regression analysis for

overall survival

Variable HR 95% CI p value
Age 265 1.42 0.81-2.48 0.21
Stage IIT 2.98 1.64-5.42 <0.001
CEA high 1.05 0.49-2.26 0.90
CA 19-9 high 1.12 0.58-2.14 0.73
ASA >3 1.33 0.72-2.46 0.36

HR: Hazard ratio, CI: Confidence interval, CEA: Carcinoembryonic antigen, CA: Carbohydrate

antigen, ASA: American Society of Anesthesiologists

Postoperative Complications and Multivariate
Analysis

Major postoperative complications (Clavien-Dindo grade
2IIT) occurred in 3 patients (2.4%). In univariate analysis,
preoperative CEA and CA 19-9 levels were not associated with
major postoperative morbidity.

Multivariate logistic regression analysis including age, ASA
score, tumor depth, nodal status, and tumor marker levels
demonstrated that ASA score >3 was the only independent
predictor of major postoperative complications (OR 2.74,
95% CI 1.15-6.52, p=0.023). Preoperative CEA and CA 19-9
levels were not independently associated with postoperative
morbidity (Table 5).

Resection Margin Status and Multivariate Analysis

Resection margin status was available for 46 patients, of
whom 6 patients (13.0%) had microscopic positive margins
(R1 resection). In univariate analysis, elevated preoperative
CA 19-9 levels were more frequently observed in patients with
R1 resection.
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Table 5. Multivariate logistic regression analysis for postoperative
complications

Variable OR 95% CI p value
Age 265 1.41 0.58-3.42 0.44
ASA >3 2.74 1.15-6.52 0.023
CEA high 1.28 0.36-4.54 0.70
CA 19-9 high 1.35 0.44-4.11 0.60

OR: Odds ratio, CI: Confidence interval, CEA: Carcinoembryonic antigen, CA: Carbohydrate

antigen, ASA: American Society of Anesthesiologists

To assess whether CA 19-9 was an independent predictor of
positive resection margins, multivariate logistic regression
analysis was performed including CA 19-9 status, tumor
depth (T3-4), and nodal status. In multivariate analysis,
elevated CA 19-9 levels were not independently associated
with R1 resection (OR 0.52, 95% CI 0.05-5.39, p=0.583).
Neither tumor depth nor nodal status emerged as independent
predictors of R1 resection (Table 6).

Table 6. Multivariate logistic regression analysis for R1 resection

Variable OR 95% CI p value
CA 19-9 high (>37 U/ml) 0.52 0.05-5.39 0.583
T3-4 0.78 0.04-14.15 0.867
N+ 2.93 0.16-53.88 0.470

OR: Odds ratio, CI: Confidence interval, CA: Carbohydrate antigen

DISCUSSION

In this study, we evaluated the prognostic significance of
preoperative serum CEA and CA 19-9 levels in a homogeneous
cohort of patients undergoing laparoscopic gastrectomy
with D2 lymphadenectomy for gastric cancer. Our results
demonstrated that elevated preoperative CA 19-9 levels were
significantly associated with aggressive pathological features,
including advanced tumor depth, lymph node metastasis, and
lymphovascular invasion. In contrast, preoperative CEA levels
showed no significant association with clinicopathological
characteristics. However, neither CEA nor CA 19-9
independently predicted OS, postoperative morbidity, or
resection margin status in multivariate analyses.

Previous studies have consistently reported an association
between elevated CA 19-9 levels and advanced disease stage or
increased tumor burden in gastric cancer. Some studies have
shown that high CA 19-9 levels are associated with lymph
node metastasis and advanced T stage. This suggests that
CA 19-9 reflects biologically aggressive tumor behavior.”'
Similarly, Zhou et al." reported that elevated CA 19-9 levels
were related to deeper tumor invasion and nodal involvement.
Our findings are in line with these reports, as patients with
elevated CA 19-9 levels had significantly higher rates of T3-4
tumors, N-positive disease, and lymphovascular invasion.

In contrast, the prognostic value of CEA in gastric cancer
remains controversial. While some studies have suggested
that elevated CEA levels are associated with poor outcomes,
others have reported limited sensitivity and specificity of
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CEA in predicting pathological stage or survival.'>'* In the
present cohort, preoperative CEA levels were not associated
with tumor depth, nodal status, lymphovascular invasion,
or perineural invasion, supporting the view that CEA has
limited prognostic relevance in gastric cancer.

Despite the strong association between CA 19-9 and
adverse pathological features, neither CA 19-9 nor CEA
independently predicted OS in Kaplan-Meier or multivariate
Cox regression analyses. This apparent discrepancy may
be explained by several factors. First, all patients in this
study underwent standardized laparoscopic gastrectomy
with D2 lymphadenectomy, which has been shown to
provide favorable oncological outcomes when performed
in experienced centers.” Second, the exclusion of patients
receiving neoadjuvant chemotherapy and those with stage
IV disease resulted in a relatively homogeneous cohort with
potentially better prognostic profiles. Third, advances in
adjuvant chemotherapy may have attenuated the negative
impact of aggressive tumor biology on long-term survival.

The association between elevated CA 19-9 levels and positive
resection margins observed in univariate analysis deserves
particular attention. Previous studies have suggested that
increased CA 19-9 levels may reflect more locally advanced or
infiltrative tumor growth patterns, potentially increasing the
risk of incomplete resection.'*'* However, in the present study,
multivariate logistic regression analysis demonstrated that
CA 19-9 was not an independent predictor of R1 resection
after adjustment for tumor depth and nodal status. This
finding suggests that the observed association in univariate
analysis is likely mediated by advanced pathological features
rather than a direct effect of CA 19-9 itself. Importantly, the
limited number of R1 resections and incomplete availability of
margin status data may have reduced the statistical power of
this analysis, and therefore these results should be interpreted
cautiously.

Another important finding of the present study is the lack of
association between tumor marker levels and postoperative
morbidity. Multivariate logistic regression analysis
demonstrated that an ASA score 23 was the only independent
predictor of major postoperative complications, whereas
preoperative CEA and CA 19-9 levels were not. This finding
highlights that postoperative outcomes are predominantly
influenced by patient-related factors and physiological reserve
rather than tumor biology. Previous studies have similarly
emphasized the importance of comorbidities and functional
status in predicting postoperative complications following
gastrectomy.'®"”

With regard to tumor localization, no tumors were located in
the proximal one-third of the stomach in the present cohort.
This finding likely reflects the exclusion of patients receiving
neoadjuvant chemotherapy and the institutional surgical
strategy, in which proximal gastric tumors are more frequently
treated with total gastrectomy or esophagogastrectomy.
Therefore, the absence of proximal tumors should be
interpreted as a consequence of study design rather than
selection bias.



T Mod Pallint Ca M6-7(7)-100_7072 Kaocascdan and Siimer The imbpact of CEA and CA 10-0 on noctonerative olitcomes in oactric cancet
J Avieu ratliul wulre. 4V40,/\4).170-4V0 AMUCddoldil ditl OuiiiCi, 11c LAAAkJrJ.\.L Ul ULy allu Uiy LT UL t}\)bl.\)tl\.ldl.l\/\. OuCoLls 1ii sdbtll\. CaliClClh
Limitations Author Contributions

Several limitations of this study should be acknowledged.
Its retrospective design may introduce selection bias, and
the relatively small number of patients with concurrent
elevation of both tumor markers may have limited statistical
power. In addition, disease-free survival analysis could not
be performed due to the lack of standardized and complete
data regarding the timing of tumor recurrence, which is an
inherent limitation of retrospective studies. Furthermore,
margin status data were not available for all patients, and the
limited number of R1 events may have reduced the power
of multivariate analyses for predictors of positive resection
margins. Finally, this was a single-center study, which may
limit the generalizability of the findings.

Despite these limitations, the present study has notable
strengths. The inclusion of a homogeneous surgical cohort
undergoing laparoscopic gastrectomy with standardized D2
lymphadenectomy enhances internal validity. Moreover, the
use of multivariate regression models allows adjustment for
potential confounders and provides robust insight into the
independent prognostic value of preoperative tumor markers.

CONCLUSION

Elevated preoperative CA 19-9 levels are associated with
aggressive pathological features in gastric cancer, whereas
CEA shows limited clinicopathological relevance. However,
neither marker independently predicts OS, postoperative
morbidity, or resection margin status in patients undergoing
laparoscopic gastrectomy with D2 lymphadenectomy. These
findings suggest that serum tumor markers primarily reflect
tumor burden rather than serving as independent prognostic
indicators and should be interpreted in conjunction with
established clinicopathological factors.
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