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Introduction

Gastric cancer is the most prevalent malignant 
tumour of the upper digestive tract in China. Over 
40% of the world’s new cases and fatalities of gas-

tric cancer have been reported in China, with rural 
areas exhibiting the highest incidence rates. Ear-
ly-stage gastric cancer often presents without dis-
tinct clinical symptoms, resulting in the majority of 
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A b s t r a c t

Introduction: Despite the remarkable progress in minimally invasive surgery, the potential association between lap-
aroscopic gastrectomy and the risk of peritoneal metastasis remains uncertain. 
Aim: To investigate variations in tumour markers in intraperitoneal drainage fluid between laparoscopic radical gas-
trectomy and open radical gastrectomy for gastric cancer. 
Material and methods: A total of 106 patients diagnosed with gastric cancer between July 2018 and November 2020 
were included in this study, 45 of whom underwent laparoscopic radical gastrectomy (laparoscopic group) and 61 
underwent open radical gastrectomy (open group). Variations in the levels of carcinoembryonic antigen (CEA), can-
cer antigen 125 (CA125), cancer antigen 199 (CA199), and a-fetoprotein (AFP) in the intraperitoneal drainage fluid 
were compared and analysed on postoperative days (PODs) 1, 2, 3, and 5 between the two groups. Additionally, the 
postoperative 3-year survival rates between the two groups were compared and analysed. 
Results: No significant differences in CEA, CA199, and AFP levels in the intraperitoneal drainage fluid were observed 
between the two groups on postoperative days (PODs) 1, 2, 3, and 5 (p > 0.05). However, the level of CA125 in the 
intraperitoneal drainage fluid of the laparoscopic group was notably higher than that of the open group on POD 2  
(p < 0.05); however, there were no significant differences between the two groups on PODs 1, 3, and 5 (p > 0.05). 
There was no significant difference in the 3-year postoperative survival rates between the two groups.
Conclusions: There were no significant differences in CEA, CA125, CA199, and AFP levels in the intraperitoneal drain-
age fluid between laparoscopic radical gastrectomy and open radical gastrectomy for gastric cancer, confirming from 
another perspective that laparoscopic radical gastrectomy does not increase the risk of intraperitoneal metastasis.

Key words: laparoscopy, gastric cancer, drainage fluid, carcinoembryonic antigen, cancer antigen 125, cancer antigen 
199, a-fetoprotein.
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cases being diagnosed at an advanced stage. Conse-
quently, gastric cancer ranks third among all cancer 
types in terms of mortality rate [1].

Currently, comprehensive therapy centred on sur-
gery continues to be the primary approach for the 
treatment of gastric cancer. In recent years, laparo-
scopic techniques have gained widespread adoption 
for gastric cancer surgery. High-quality domestic and 
international studies have demonstrated the short-
term superiority of laparoscopic radical gastrectomy 
over traditional open radical gastrectomy. However, 
studies with longer-term follow-up periods are limited 
[2–4]. Some scholars maintain a cautious stance to-
wards laparoscopic techniques, particularly expressing 
concerns regarding the intraperitoneal dissemination 
of tumour cells during laparoscopic procedures. The 
use of high-pressure pneumoperitoneum and energy 
devices during laparoscopy may lead to dispersion of 
tumour cells throughout the peritoneal cavity, result-
ing in peritoneal metastasis [5, 6]. However, research 
in this area is relatively scarce both domestically and 
internationally. Therefore, in this study, we aimed to 
validate the safety of laparoscopic gastric cancer sur-
gery by comparing the differences in levels of tumour 
markers – carcinoembryonic antigen (CEA), cancer an-
tigen 125 (CA125), cancer antigen 199 (CA199), and 
a-fetoprotein (AFP) – in the intraperitoneal drainage 
fluid after laparoscopic radical gastrectomy.

Aim

This study aimed to investigate variations in the 
levels of tumour markers in the intraperitoneal drain-
age fluid between laparoscopic radical gastrectomy 
and open radical gastrectomy for gastric cancer. 

Material and methods

Clinical data

We retrospectively analysed the data of 106 pa-
tients diagnosed with gastric cancer in our Depart-
ment of Gastrointestinal Surgery between July 2018 
and November 2020. Pathological staging was per-
formed as per the 8th edition of the American Joint 
Committee on Cancer (AJCC) TNM staging system. 
Patients were categorised based on the surgical 
approach into a  laparoscopic radical gastrectomy 
group (laparoscopic group) comprising 45 patients 
(28 men, 17 women) and an open radical gastrec-
tomy group (open group) comprising 61 patients 

(43 men, 18 women). The median age in the lapa-
roscopic group was 62.3, while in the open group 
it was 64.4. In the laparoscopic group, there were  
17 patients with stage I, 14 with stage II, and 14 with 
stage III disease. In the open group, there were 11, 
22, and 28 cases of stages I, II, and III, respectively. 

The inclusion criteria for this study required pre-
operative histological confirmation of gastric cancer 
with clinical staging of cT2-3N0-3M0 based on abdom-
inal computed tomography (CT) and endoscopic 
ultrasound examination. The exclusion criteria in-
cluded distant metastasis, perforation, or severe 
uncontrollable systemic diseases related to gastric 
cancer. This study was approved by the Ethics Com-
mittee of the Affiliated Hospital of Putian University 
(approval number: 2020001).

Surgical quality control

Our surgical team has extensive experience 
in gastric cancer surgery. All operations were per-
formed by the same surgical team to ensure consis-
tency in both the procedure and postoperative care.

Surgical procedure

All gastric cancer operations adhered to the 
standard guidelines for radical gastric resection as 
per the 6th edition of the Japanese Gastric Cancer 
Treatment Guidelines and included complete D2 
lymph node dissection [7]. Modified Roux-en-Y (with 
P-loop) reconstruction was performed for gastroin-
testinal continuity in total gastrectomy (TG), where-
as Billroth II anastomosis was employed in distal 
gastrectomy (DG) reconstruction. The incision length 
for the laparoscopic group was approximately 8 cm, 
and for the open group it was approximately 18 cm; 
both were performed through a  midline upper ab-
dominal incision.

Detection methods

Upon admission, all patients underwent peripher-
al venous blood tests for CEA, CA125, CA199, and AFP 
levels. Additionally, 5 ml of the peritoneal drainage 
fluid was naturally collected via gravity using a peri-
toneal drainage tube on postoperative days (PODs) 1, 
2, 3, and 5 for laboratory testing. After centrifugation 
at 3000 rpm for 10 min, the supernatant was anal-
ysed using the Roche E601 instrument and the cor-
responding reagent kits through a chemiluminescent 
immunoassay. The normal ranges of tumour biomark-
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ers in serum were as follows: CEA, 0–5 ng/ml; CA125, 
0–35 U/ml; CA199, 0–27 U/ml; AFP, 0–7 ng/ml. 

Statistical analysis

Data analysis was performed using SPSS version 
25.0. Continuous data were presented as mean ± 
standard deviation (SDs). The independent-samples 
t-test or one-way analysis of variance was applied to 
normally distributed data, whereas non-normally dis-
tributed data were subjected to nonparametric tests. 
Skewed data were analysed using the nonparamet-
ric Mann-Whitney U  test. Survival analysis was per-
formed using the Kaplan-Meier method using Graph-
Pad 8.0 software, and the log-rank test was employed 
to assess differences, with significance set at p < 0.05.

Results

In total, 106 patients were included in this study. 
The baseline characteristics and pathological stages 
of the patients are presented in Table I. The median 
age in the laparoscopic and open groups were 62.31 

and 64.41 years, respectively. Comparison between 
the laparoscopic and open groups revealed no sta-
tistically significant differences in clinical data. There 
were no discernible differences in sex distribution, 
age, pathological stage, or type of gastrectomy be-
tween the two groups (p > 0.05) (Table I).

Preoperative peripheral blood levels of CEA, 
CA125, CA199, and AFP from 50 patients with 
non-tumour conditions, such as gastrointestinal pol-
yps and acute appendicitis, during the same period 
as the normal group, were selected. The differences 
in biomarker levels among the three groups were 
then compared. Comparison between the laparo-
scopic, open, and control groups revealed no sta-
tistically significant differences in the preoperative 
peripheral blood levels of CEA, CA125, CA199, and 
AFP (p > 0.05) (Table II).

The laparoscopic and open groups exhibited no 
significant differences in postoperative CEA levels on 
POD 1 (p > 0.05), POD 2 (p > 0.05), POD 3 (p > 0.05), 
and POD 5 (p > 0.05) (Table III). Regarding CA125 
levels, although the difference was not significant on 

Table I. Comparison of clinical data between the laparoscopic and open surgery groups

Parameter Laparoscopic group 
(n = 45)

Open group
(n = 61)

t/X-value2 P-value

Gender: 0.801 0.371

Male 28 43

Female 17 18

Age [years] 62.31 ±7.31 64.41 ±12.04 –1.036 0.302

Pathological stages: 5.439 0.066

Stage I 17 11

Stage II 14 22

Stage III 14 28

Extent of resection: 0.184 0.668

Total gastrectomy 32 41

Distal gastrectomy 13 20

Table II. Comparison of preoperative tumour markers in peripheral blood among the laparoscopic surgery, 
open surgery and control groups

Variable Laparoscopic group 
(n = 45)

Open group
(n = 61)

Normal group  
(n = 50)

F-value P-value

CEA [ng/ml] 4.53 ±5.90 4.99 ±8.11 1.74 ±1.21 1.294 0.278

CA125 [U/ml] 12.06 ±6.28 14.82 ±10.53 9.84 ±7.72 1.305 0.276

CA199 [U/ml] 17.67 ±31.33 24.83 ±77.36 11.94 ±8.15 0.434 0.649

AFP [ng/ml] 2.91 ±2.01 3.25 ± 5.45 3.09 ±1.46 0.082 0.922
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POD 1 (p > 0.05), the values were close to statisti-
cal significance. On POD 2, the difference in CA125 
levels between the laparoscopy and open groups 
(338.84 ±203.34 U/ml vs. 248.11 ±165.90 U/ml) was 
statistically significant (p < 0.05). However, on POD 3  
and POD 5, the difference was not statistically sig-
nificant (p > 0.05) (Figure 1). Regarding the levels of 
CA199 in postoperative drainage fluid, there were no 
significant differences on POD 1 (p > 0.05), POD 2  
(p > 0.05), POD 3 (p > 0.05), and POD 5 (p > 0.05) 
between the laparoscopic and open groups. No sig-
nificant differences were observed in postoperative 
abdominal drainage fluid AFP levels between the 
two groups on POD 1 (p > 0.05), POD 2 (p > 0.05), 
POD 3 (p > 0.05), and POD5 (p > 0.05) (Table III).

We conducted a comparative analysis of stage I  
cases between the laparoscopic and open groups. 
On POD 2, CA125 levels in the laparoscopic group 
were notably higher than those in the open group  
(p < 0.05). However, no statistically significant dif-
ferences were found between the two groups on  
POD 1, POD 3, and POD 5 (Figure 1). Furthermore, 
the postoperative levels of CEA, CA199, and AFP 
were not significantly different between the two 
groups on PODs 1,2, 3, and 5 (Table IV).

Subgroup analysis of stage II cases in both 
groups revealed that on POD 2, CA125 levels in the 

laparoscopic group were significantly higher than 
those in the open group (p < 0.05). However, no 
statistically significant differences were found be-
tween the two groups on POD 1, POD 3, and POD 5 
(p > 0.05) (Figure 1). Similarly, levels of CEA, CA199, 
and AFP showed no significant differences between 
the two groups on PODs 1, 2, 3, and 5 (p > 0.05) 
(Table V).

In the subgroup analysis of stage III cases, no sta-
tistically significant differences were observed in the 
levels of CEA, CA125, CA199, and AFP between the 
laparoscopic and open groups on PODs 1, 2, 3, and 5 
(p > 0.05) (Figure 1, Table VI).

After excluding 5 cases lost to follow-up, we con-
ducted a  follow-up analysis of the 3-year survival 
rates of both groups. The difference in 3-year surviv-
al rates between the laparoscopic and open groups 
(81.4% and 70.7%) was not statistically significant 
(p = 0.3794) (Figure 2).

Discussion

Gastric cancer, the most prevalent malignant tu-
mour of the upper digestive tract in China, is primar-
ily treated with laparoscopic radical gastrectomy. In 
1994, Kitano successfully performed the first laparo-
scopic distal gastrectomy [8]. Subsequently, laparo-
scopic gastric cancer surgery has gained global pop-

Table III. Comparison of CEA, CA199, and AFP levels in drainage fluid after surgery between the laparoscop-
ic and open groups

Variable Laparoscopic group (n = 45) Open group (n = 61) t-value P-value

CEA [ng/ml]:

POD1 2.81 ±3.15 3.56 ±4.77 –0.866 0.389

POD2 2.55 ±2.93 3.20 ±4.14 –0.77 0.443

POD3 3.11 ±5.96 2.06 ±2.00 1.045 0.3

POD5 1.98 ±2.30 1.67 ±1.71 0.583 0.563

CA199 [U/ml]:

POD1 124.04 ±262.61 60.64 ±185.78 1.407 0.163

POD2 89.48 ±214.65 52.55 ±168.58 0.866 0.389

POD3 58.20 ±175.76 20.67 ±59.77 1.264 0.210

POD5 19.29 ±34.61 12.68 ±15.00 0.951 0.346

AFP [ng/ml]:

POD1 1.48 ±0.84 1.55 ±2.64 –0.178 0.859

POD2 1.38 ±0.85 1.17 ±0.55 1.340 0.184

POD3 1.15 ±0.54 1.10 ±0.59 0.332 0.741

POD5 1.00 ±0.44 0.99 ±0.43 0.118 0.906
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ularity, with several leading gastrointestinal cancer 
centres in various countries conducting numerous 
clinical trials and studies on this approach [2–4, 9]. 
The CLASS-01 trial initiated by Li et al. revealed no sig-
nificant difference in the 3-year disease-free survival 
rate between patients with locally advanced gastric 
cancer who underwent laparoscopic gastrectomy and 
those who underwent open distal gastrectomy in Chi-
na. This suggests that laparoscopic gastric cancer sur-
gery may benefit patients in the perioperative period, 

with no significant differences observed during the 
long-term follow-up compared to open surgery [4].

Peritoneal metastasis is a key prognostic factor 
for gastric cancer. Approximately 20–50% of patients 
with advanced gastric cancer experience peritoneal 
metastasis after surgery. Once peritoneal metastasis 
occurs, the survival time sharply declines, and the 
median survival period generally does not exceed 
1 year [10]. The mechanism underlying the perito-
neal metastasis of gastric cancer remains elusive. 

Figure 1. Comparison of CA125 levels in drainage fluid after surgery between the laparoscopic and open 
groups across various pathological stages. A – Histogram of CA125 levels in the postoperative drainage 
fluid of gastric cancer patients undergoing laparoscopic surgery compared to the open surgery group on 
PODs 1, 2, 3 and 5 (**p < 0.05, N = 45–61). B – Comparison of CA125 levels in drainage fluid after surgery 
between groups for stage I gastric cancer patients on PODs 1, 2, 3 and 5 (**p < 0.05, N = 11–17). C – Com-
parison of CA125 levels in drainage fluid after surgery between groups for stage II gastric cancer patients 
on PODs 1, 2, 3 and 5 (**p < 0.05, N = 14–22). D – Histogram showing CA125 levels in drainage fluid after 
surgery between groups in stage III gastric cancer patients on PODs 1, 2, 3 and 5 (N = 14–28). PODs – post-
operative days
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Table IV. Comparison of CEA, CA199, and AFP levels in drainage fluid after surgery between the stage I 
cases of the laparoscopic and open groups

Variable Laparoscopic group (n = 17) Open group (n = 11) t-value P-value

CEA [ng/ml]:

POD1 1.71 ±0.87 4.60 ±7.84 –1.163 0.274

POD2 1.78 ±1.54 5.80 ±7.73 –1.62 0.138

POD3 1.633 ±1.28 1.02 ±0.60 1.01 0.328

POD5 1.32 ±0.64 0.65 ±0.31 1.98 0.07

CA199 [U/ml]:

POD1 111.21 ±238.55 233.17 ±414.00 –0.957 0.348

POD2 56.71 ±91.07 118.87 ±311.51 –0.661 0.516

POD3 42.27 ±49.19 41.03 ±78.34 0.039 0.97

POD5 18.82 ±25.61 16.38 ±22.01 0.167 0.87

AFP [ng/ml]:

POD1 1.27 ±0.45 1.23 ±0.61 0.187 0.854

POD2 1.20 ±0.50 1.19 ±0.55 0.045 0.965

POD3 1.18 ±0.42 0.98 ±0.28 0.952 0.355

POD5 0.97 ±0.34 0.88 ±0.34 0.446 0.664

Table V. Comparison of CEA, CA199, and AFP levels in drainage fluid after surgery between the stage II 
cases of the laparoscopic and open groups

Variable Laparoscopic group (n = 14) Open group (n = 22) t-value P-value

CEA [ng/ml]:

POD1 3.57 ±3.45 3.10 ±3.98 0.33 0.744

POD2 2.63 ±2.59 2.17 ±1.67 0.577 0.569

POD3 5.64 ±10.77 1.84 ±1.40 1.418 0.17

POD5 1.78 ±1.27 1.41 ±0.68 0.755 0.469

CA199 [U/ml]:

POD1 145.98 ±304.57 25.51 ±44.99 1.304 0.221

POD2 112.33 ±296.52 55.33 ±157.20 0.692 0.495

POD3 20.21 ±31.48 8.48 ±8.73 1.035 0.333

POD5 22.71 ±53.38 14.51 ±16.71 0.556 0.584

AFP [ng/ml]:

POD1 1.52 ±0.73 2.07 ±4.32 –0.415 0.681

POD2 1.37 ±0.62 1.07 ±0.46 1.463 0.156

POD3 0.97 ±0.41 1.10 ±0.70 –0.52 0.608

POD5 1.01 ±0.31 1.03 ±0.44 –0.081 0.936

Currently, the “seed and soil” theory is widely ac-
cepted, which suggests that the occurrence of peri-
toneal metastasis depends on the cancer cells and 
peritoneal microenvironment [11]. Experts such as 
Gutt and Wittich believe that laparoscopic surgery 

entails a prolonged operation time, and the mainte-
nance of a CO2 pneumoperitoneum along with the 
vaporisation phenomenon while operating using 
an ultrasonic scalpel may promote the proliferation 
of gastric cancer cells in the abdominal cavity and 
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enhance their adhesion ability, potentially resulting 
in peritoneal metastasis [5, 6]. West and others be-
lieve that CO2 pneumoperitoneum and surgical pro-
cedures disrupt the balance of the intra-abdominal 
microenvironment, which may inhibit the secretion 
of cytokines such as tumour necrosis factor (TNF)-a 
from intra-abdominal macrophages, leading to a re-
duction in local immune function in the abdomen 
and further facilitating the invasion and metastasis 
of gastrointestinal tumour cells [12, 13]. Moreover, 
the “chimney effect” caused by laparoscopic surgery 
may also lead to incisional implantation metastasis, 
increasing the probability of postoperative peritone-
al metastasis [14].

Pathological evidence of intraperitoneal shed-
ding of cells or biopsy tissues remains the gold stan-
dard for diagnosing peritoneal metastasis. However, 
detecting intraperitoneal shedding cells, particularly 
during and after surgery, is complicated and exhibits 
low positivity rates and specificity. Many domestic 
and international researchers have attempted to 
detect tumour markers in peritoneal drainage fluid 
to predict the occurrence of peritoneal metastasis. 
CEA levels are commonly used to predict peritoneal 
metastasis following gastric cancer surgery. Previous 
studies indicate a  close association between CEA 
levels in the peritoneal washes and peritoneal re-
currence, suggesting that CEA levels can be used as 

a prognostic tool, with elevated levels in the perito-
neal washes during gastric cancer surgery indicating 
a higher likelihood of postoperative peritoneal me-
tastasis [15–17]. Several studies have demonstrat-
ed a  significant elevation in CEA levels within the 
postoperative peritoneal drainage fluid of patients 
with gastrointestinal tumours. This surge in CEA lev-

Table VI. Comparison of CEA, CA199, and AFP levels in drainage fluid after surgery between the stage III 
cases of the laparoscopic and open groups

Variable Laparoscopic group (n = 14) Open group (n = 28) t-value P-value

CEA [ng/ml]:

POD1 3.52 ±4.33 3.32 ±3.36 0.155 0.878

POD2 3.38 ±4.36 2.89 ±2.95 0.369 0.715

POD3 2.88 ±3.96 2.52 ±2.53 0.31 0.759

POD5 3.40 ±4.24 2.17 ±2.32 0.861 0.4

CA199 [U/ml]:

POD1 121.25 ±273.89 24.07 ±47.70 1.27 0.227

POD2 97.80 ±222.78 27.03 ±52.34 0.943 0.372

POD3 104.64 ±297.16 27.20 ±79.85 0.847 0.415

POD5 14.76 ±8.71 8.44 ±9.58 1.293 0.213

AFP [ng/ml]:

POD1 1.69 ±1.22 1.27 ±0.67 1.422 0.163

POD2 1.65 ±1.39 1.24 ±0.62 0.808 0.442

POD3 1.16 ±0.75 1.13 ±0.56 0.097 0.923

POD5 1.04 ±0.78 0.98 ±0.48 0.209 0.837
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Figure 2. Kaplan-Meier curves of cumulative 
probability for laparoscopic vs. open groups with-
in 3 years after surgery. Overall survival between 
the laparoscopic group and the open group was 
similar (81.4% vs. 70.7%, p = 0.38)
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els has been closely correlated with tumour invasion 
depth, lymph node metastasis, and clinical staging, 
thereby serving as a  potential prognostic indicator 
[18, 19]. Wei et  al. inferred that laparoscopic radi-
cal gastrectomy does not increase the shedding of 
gastric cancer cells by comparing CEA levels in the 
peritoneal lavage fluid [20]. In our study, the CEA lev-
els in the preoperative and postoperative peritoneal 
drainage fluid between the laparoscopic and open 
groups showed no significant differences on PODs 1, 
2, 3, and 5 (p > 0.05). These findings are consistent 
with domestic and international research results 
and support the notion that laparoscopic radical 
gastrectomy does not increase the risk of postoper-
ative peritoneal metastasis.

CA125 is a  typical tumour marker for ovarian 
cancer but is also considered a marker of peritoneal 
metastasis in gastric cancer. Previous studies have 
shown a close relationship between CA125 and peri-
toneal metastasis in patients with gastric cancer [21, 
22]. Our study found no significant difference be-
tween the laparoscopic and open groups on PODs 1, 
3, and 5 (p > 0.05). However, there was a significant 
increase in the laparoscopic group compared with 
the open group on POD 2 (p < 0.05). In the subgroup 
analysis of stage I and II cases, a notable elevation in 
CA125 levels was observed in the laparoscopic group 
on POD 2. CA125 is secreted by epithelial cells in the 
body cavity. It has high sensitivity but low specificity. 
It is closely associated with abdominal inflammation 
and ascites. There has been limited research on the 
levels of CA125 in peritoneal drainage fluid. Howev-
er, one study has found that postoperative CA125 
levels in peripheral blood increase daily, with a peak 
occurring on the 10th postoperative day (range: 7–30 
days), the median normalization day of CA125 levels 
in preoperative normal and postoperatively elevated 
patients was 57 days (range: 28–115 days) [23]. In 
our study, we observed a similar trend, with CA125 
levels in the peritoneal drainage fluid increasing daily 
in the first 5 days postoperatively. In the first 2 days 
after surgery, the elevated CA125 levels in the open 
group may be due to a  large amount of peritoneal 
lavage during the open procedure, while the laparo-
scopic group only underwent localised lavage. Perito-
neal lavage can reduce the release of inflammatory 
mediators from tissues during surgery, clear residual 
necrotic tissue, blood clots, and contaminated or in-
fected fluids, and shed tumour cells. This reduces the 
risk of infection at the surgical site and minimises 

peritoneal irritation and wound exudation, there-
by reducing abdominal inflammation and lowering 
CA125 levels. By POD 3 and POD 5, the peritoneal 
microenvironment tended to stabilise; therefore, 
there was no significant difference between the two 
groups. Therefore, we believe that the isolated ele-
vation of CA125 in the drainage fluid on the second 
day after laparoscopy does not confirm its associa-
tion with tumour dissemination. Further research is 
required to determine the significance of this eleva-
tion.

Additionally, we compared the changes in CA199 
and AFP levels in the drainage fluid between the 
two groups. CA199 is an important tumour mark-
er for pancreatic cancer; however, a previous study 
found that CA199 was also significantly increased 
in patients with peritoneal metastasis from gastric 
cancer [24]. The results of this study indicated that 
there were no statistically significant differences in 
the levels of CA199 in the peritoneal drainage fluid 
between the laparoscopic group and open group on 
PODs 1, 2, 3, and 5 (p > 0.05). AFP is a crucial tumour 
marker for liver cancer; however, in some patients 
with gastric cancer, AFP levels markedly increase. 
Studies have suggested a close association between 
elevated AFP levels and the progression of gastric 
cancer and occurrence of peritoneal metastasis [25, 
26]. In this study, we found no significant differenc-
es in AFP levels between the laparoscopic group and 
open group on PODs 1, 2, 3, and 5, and no statisti-
cal significance in the comparison between the two 
groups (p > 0.05). This further confirms that laparo-
scopic radical gastrectomy does not increase the risk 
of postoperative peritoneal metastasis.

Our research revealed that there were no sta-
tistically significant differences in the levels of CEA, 
CA125, CA199, and AFP in the peritoneal drainage 
fluid between the laparoscopic and open groups 
of patients with gastric cancer patients on PODs 1, 
2, 3, and 5. Furthermore, comparison of the 3-year 
postoperative survival rates between the two groups 
(81.4% vs. 70.7%) did not show any statistically sig-
nificant difference. Consequently, laparoscopy is safe 
for radical gastrectomy and does not increase the 
risk of postoperative peritoneal metastasis. Peng 
et al. reported that CO2 pneumoperitoneum itself has 
no substantial impact on the growth, proliferation, 
and migration of gastrointestinal tumour cells. Fur-
thermore, it does not promote the spread of tumour 
cells within the peritoneal cavity. Heating CO2 is sug-
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gested to inhibit intra-abdominal tumour dissemina-
tion [27, 28]. Additionally, Hao et  al. demonstrated 
that laparoscopic surgery minimises physical trauma 
to patients. The likelihood of free cancer cells appear-
ing during the operation is minimal, with a low risk of 
micro-metastasis postoperatively [20, 29].

We believe that laparoscopic surgery provides 
a clearer surgical field of view, particularly with the 
utilisation of new technologies, such as 4K laparos-
copy and indocyanine green near-infrared imaging. 
These advancements have enabled more precise 
vascular and lymphatic dissections, leading to sharp 
anatomical tumour dissection and thorough lymph 
node clearance. This reduces the risk of intraopera-
tive bleeding and lymphatic leakage, thereby avoid-
ing potential tumour cell dissemination [30, 31]. 
Moreover, laparoscopic surgery allows for a  more 
precise exposure, avoiding direct manipulation of 
the tumour itself. This reduces prolonged traction, 
compression, and flipping of the tumour, as typically 
seen in open surgery, consequently minimising the 
direct stimulation of the tumour mass. Specifically, 
the application of laparoscopic gastric cancer mes-
entery dissection techniques permits maximal re-
moval of the tumour and mesentery, thus minimis-
ing “cancer spillage” and adhering to the principle 
of tumour surgery with a “no-touch” technique. This 
approach reduces the risk of tumour cell shedding 
and implantation [32].

However, owing to the limited number of cases 
included in this study, there are inherent limitations. 
Future research supported by more data and mo-
lecular mechanism studies is anticipated to further 
validate the impact of laparoscopic surgery on peri-
toneal metastasis.

Conclusions 

In our study, there were no significant differences 
in CEA, CA125, CA199, and AFP levels in the intraper-
itoneal drainage fluid between laparoscopic radical 
gastrectomy and open radical gastrectomy for gas-
tric cancer on POD 1, POD 2, POD 3, and POD 5, sug-
gesting that laparoscopic radical gastrectomy does 
not increase the risk of intraperitoneal metastasis. 
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