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Abstract: Objective: To evaluate the comparative efficacy and safety of standard lymphadenectomy (D2) versus
extended lymphadenectomy (D2+) in gastric cancer surgery. Additionally, we explored the relationship between
the number of dissected lymph nodes, the magnitude of postoperative inflammatory response, and long-term sur-
vival outcomes. Methods: A retrospective cohort was conducted on clinical data from 421 patients diagnosed with
gastric cancer and treated between April 2019 and January 2022. Among them, 189 underwent standard D2 dis-
section and 232 received extended D2+ lymph node dissection. All patients received neoadjuvant chemotherapy
followed by radical gastrectomy. Baseline characteristics, intraoperative and postoperative outcomes, inflammatory
markers including C-reactive protein (CRP), tumor necrosis factor-alpha (TNF-«), and interleukin-6 (IL.-6), complica-
tion rates, and survival metrics (3-year overall survival (OS) and progression-free survival (PFS)) were compared be-
tween groups. Univariate and multivariate Cox proportional hazards models were applied to identify survival-associ-
ated factors. Kaplan-Meier survival curves were constructed for subgroup analysis by TNM (tumor-node-metastasis)
stage. Results: There were no significant differences in baseline characteristics between the D2 and D2+ groups
(P > 0.05). Compared to the D2 group, the D2+ group exhibited significantly longer operative times, greater intra-
operative blood loss, and more lymph nodes dissected (all P < 0.001), while the length of hospital stay remained
similar between the two groups (P = 0.708). Postoperative levels of CRP, TNF-a, and IL-6 were significantly elevated
in the D2+ group (all P < 0.001), correlating positively with the number of lymph nodes removed (all P < 0.001). The
incidence of postoperative complications did not differ between groups (P > 0.05). Notably, the D2+ group demon-
strated a superior 2-year OS rate (P = 0.002) and significantly improved 3-year OS in patients with stage |l disease
(P =0.018). However, no significant differences were observed in 1-year OS (P = 0.067), 3-year OS (P = 0.699), or
3-year OS for stage Il patients (P = 0.428). Multivariate Cox regression analysis identified extended D2+ dissection,
younger age, lower TNM stage, and higher tumor differentiation as independent protective factors for PFS (all P <
0.05). Conclusion: Extended D2+ lymph node dissection improves survival outcomes, particularly in stage Il gastric
cancer patients, without increasing postoperative complication risk. However, it induces a more robust inflamma-
tory response. These findings suggest that D2+ dissection should be selectively considered, weighing the oncologi-
cal benefits against the potential inflammatory burden, particularly in stage Il patients.

Keywords: Gastric cancer, D2 lymph node dissection, D2+ lymph node dissection, inflammatory response, survival
outcomes, neoadjuvant chemotherapy

Introduction

Gastric cancer is among the most common
malignancies of the digestive system and
remains a leading cause of cancer-related mor-
bidity and mortality globally [1]. According to

recent estimates from the World Health
Organization (WHO) and the International
Agency for Research on Cancer (IARC), approxi-
mately 960,000 new cases and 650,000
deaths occurred worldwide in 2022, underscor-
ing the significant public health burden of gas-
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tric cancer [2]. The incidence of gastric cancer
is particularly high in East Asian countries,
including China, Japan, and South Korea, which
is attributed to dietary habits, high prevalence
of Helicobacter pylori infection, and genetic
susceptibility [3]. Despite progress in early
detection and treatment strategies, the prog-
nosis for advanced-stage gastric cancer re-
mains poor, with the 5-year survival rate rarely
exceeding 30% [4]. Therefore, refining surgical
treatment approaches is crucial for improving
patient survival.

Radical gastrectomy combined with lymphade-
nectomy remains the cornerstone of curative
therapy for gastric cancer [5]. As lymphatic
spread is a principal route for tumor progres-
sion and an important prognostic factor, the
extent of lymph node involvement significantly
influences staging and outcomes [6]. It is
estimated that 50%-70% of patients present
with lymph node metastasis at diagnosis.
Accordingly, the thoroughness of lymph node
dissection is directly linked to surgical efficacy
and long-term survival. Standard lymphadenec-
tomy, known as D2 dissection, involves the
removal of perigastric and major vessel-associ-
ated lymph nodes and is widely endorsed as
the standard approach for resectable locally
advanced gastric cancer by both Eastern and
Western guidelines [7, 8]. However, based on
evolving insights into tumor biology, some
experts advocate for an extended approach -
D2+ dissection - which additionally targets
more distant nodal basins, including para-aor-
tic lymph nodes (station No. 16), to eliminate
possible micrometastases [9].

Nonetheless, whether D2+ dissection confers
a definitive survival advantage over D2 remains
debated. Supporters argue that more extensive
clearance may reduce local recurrence and
improve prognosis, particularly in patients with
high-risk nodal disease [10]. Retrospective
studies have reported improved 5-year survival
rates in select patient subsets following D2+
procedures [11, 12]. Conversely, randomized
controlled trials conducted in western coun-
tries have failed to demonstrate significant sur-
vival benefits from D2+ dissection and have
highlighted increased surgical risks, including
prolonged operative duration, greater blood
loss, and a higher incidence of complications
such as anastomotic leakage, pancreatic fistu-
la, and postoperative infections [13].
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Beyond oncologic outcomes and perioperative
safety, the systemic inflammatory response
following surgery has emerged as a critical fac-
tor in postoperative recovery and prognosis.
Surgical trauma provokes acute inflammation,
with elevated circulating levels of markers such
as C-reactive protein (CRP), tumor necrosis fac-
tor-alpha (TNF-a), and interleukin-6 (IL-6) [14].
These markers not only reflect the degree of
surgical stress but are also associated with
postoperative complications, delayed recovery,
and worse long-term survival [15]. Given that
the extent of lymph node dissection correlates
with tissue trauma, D2+ procedures may inten-
sify the inflammatory response. Prior studies
have suggested that elevated CRP and IL-6 are
predictive of increased risk for tumor recur-
rence and metastasis [16]. However, direct
comparisons of inflammatory profiles between
D2 and D2+ lymphadenectomy remain scarce,
and the clinical implications of this difference
are not yet fully understood.

In light of these considerations, the present
study aims to systematically compare D2 and
D2+ lymph node dissection in terms of clinical
efficacy, postoperative inflammatory response,
and survival outcomes. By integrating surgical
data with biomarker data and long-term follow-
up, we seek to inform evidence-based deci-
sions regarding lymphadenectomy strategy,
ultimately optimizing the therapeutic balance
between efficacy and safety in gastric cancer
management.

Patients and methods
Sample size calculation

Based on the study by Meng et al. [17],
which compared survival differences between
D2 and D2+ groups, sample size was calculated
using the Schoenfeld formula (o= % ).
Assuming a significance level of 0.05 and a
power of 80%, a hazard ratio (HR) of 0.69
required a minimum of 98 patients per group,
totaling 196 patients. The final sample size was

dependent on actual case screening.
General information

This retrospective study finally included 421
gastric cancer patients treated at our institu-
tion between April 2019 and January 2022,
satisfying statistical requirements. The study
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was approved by the institutional Baoji Central
Hospital ethics committee.

Inclusion and exclusion criteria

Inclusion criteria: Diagnosis of gastric adeno-
carcinoma was made by preoperative endo-
scopic biopsy and pathologic examination; At
least two cycles of neoadjuvant chemotherapy,
including regimens such as oxaliplatin com-
bined with fluoropyrimidine-based drugs; Ra-
dical gastrectomy with documented standard
(D2) or extended (D2+) lymph node dissection;
Complete preoperative, intraoperative, and
postoperative clinical data, including inflamma-
tory markers and follow-up records. Pathological
stage Il or lll according to the 8th edition of the
AJCC staging system [18].

Exclusion criteria: Distant metastases (M1)
indicated by preoperative imaging (CT, PET-CT,
etc.) or intraoperative findings; Concurrent pri-
mary malignancies or a history of other can-
cers; Failure to complete the prescribed neoad-
juvant chemotherapy cycles or receiving non-
standard regimens; Unresectable tumors iden-
tified intraoperatively or intolerance to surgery,
resulting in palliative surgery or exploratory
procedures.

Surgical procedures

D2 dissection: The D2 dissection involved the
removal of lymph nodes Nos. 1, 3, 4sb, 4d, 5,
6, 7, 8a, 9, 11p, and 12a, covering the lesser
and greater curvature of the stomach, pylorus,
left gastric artery, common hepatic artery, celi-
ac axis, proximal splenic artery, and hepatodu-
odenal ligament. The surgical procedure includ-
ed abdominal exploration, partial or total gas-
trectomy, systematic lymph node dissection by
station, digestive tract reconstruction (e.g.,
Billroth I/Il or Roux-en-Y), and abdominal
closure.

D2+ dissection: In addition to D2 dissection,
D2+ included clearance of para-aortic lymph
nodes (Nos. 16a2 and 16bl). If necessary,
lymph nodes at the splenic hilum and distal
splenic artery were removed, with splenectomy
performed as required. Lymph nodes Nos. 13
and 14v were selectively cleared based on
tumor location. The procedure was followed by
digestive tract reconstruction and abdominal
closure.
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Clinical data collection

Clinical data were retrieved from the hospital’s
electronic medical record system, including
baseline characteristics, laboratory markers,
and follow-up information. Baseline data con-
sisted of demographic features (age, sex, BMI),
lifestyle factors (smoking and alcohol history),
clinical characteristics (comorbidities, TNM
stage, T stage, N stage), and pathologic fea-
tures (tumor location, size, differentiation, lym-
phovascular and neural invasion). Laboratory
markers included inflammatory indicators (CRP,
TNF-a, and IL-6) measured preoperatively and
on postoperative day 7. Follow-up data cover-
ed a 3-year period post-surgery and included
intraoperative and postoperative features
(operative time, intraoperative blood loss,
number of lymph nodes dissected, hospital
stay). Postoperative complications, including
wound infection, pulmonary infection, bleeding,
anastomotic leakage, and intestinal obstruc-
tion - were recorded within 30 days after sur-
gery. Survival outcomes included 1-, 2-, and
3-year overall survival (OS) and progression-
free survival (PFS). All patients received at
least two cycles of neoadjuvant chemotherapy,
and data completeness met inclusion and
exclusion criteria, enabling comprehensive
analysis of baseline characteristics, inflamma-
tory responses, complications, and survival
outcomes.

Follow-up

A 3-year follow-up was conducted for the includ-
ed patients who underwent radical gastric can-
cer surgery. Follow-up data were obtained
through the hospital’s electronic medical record
system and telephone interviews to ensure
completeness and accuracy. The follow-up peri-
od began on the date of surgery and continued
until 36 months post-surgery, patient death, or
disease progression, whichever occurred first.
The last patient was enrolled in January 2022,
and the final follow-up was completed in
January 2025. Follow-up assessments includ-
ed survival status, disease progression (e.g.,
local recurrence or distant metastasis), and
postoperative complications (e.g., wound infec-
tion, pulmonary infection, bleeding, anastomot-
ic leakage, intestinal obstruction). Follow-up
visits were scheduled at 3, 6, 12, 18, 24, 30,
and 36 months post-surgery, with additional
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visits arranged as needed based on patient
condition.

Outcome measures

Primary outcomes: The primary outcomes
included 3-year OS and 3-year PFS to assess
the long-term efficacy of D2 versus D2+ lymph
node dissection.

Secondary outcomes: Secondary outcomes
included intraoperative features (operative
time, intraoperative blood loss, number of
lymph nodes dissected), postoperative inflam-
matory markers (CRP, TNF-a, IL-6), postopera-
tive complications (wound infection, pulmonary
infection, bleeding, anastomotic leakage, intes-
tinal obstruction), and hospital stay. These out-
comes were analyzed to assess surgical
safety.

Statistical analysis

Statistical analyses were performed using
SPSS version 27.0 (IBM Corp., Armonk, NY,
USA) and R version 4.3.3 (R Foundation for
Statistical Computing, Vienna, Austria). Con-
tinuous variables were assessed for normality
using the Kolmogorov-Smirnov test. Normally
distributed data were expressed as mean %
standard deviation and compared between
groups using the independent t-test, with
paired t-tests for pre- and post-treatment com-
parisons. Non-normally distributed data were
presented as median (interquartile range, IQR)
and analyzed using the Mann-Whitney U test
for intergroup comparisons and the Wilcoxon
signed-rank test for paired comparisons.
Categorical variables were reported as frequen-
cies (percentages) and compared using the x?
test, with continuity correction or Fisher’s exact
test applied when expected frequencies were <
5.

Univariate and multivariate Cox proportional
hazards regression models were used to iden-
tify risk factors for OS and PFS, with hazard
ratios (HR) and 95% confidence intervals (Cl)
calculated. Kaplan-Meier survival curves and
cumulative incidence function (CIF) curves
were generated in R software to compare 0S
and PFS between groups, with differences
assessed via the log-rank test. Correlation
analyses between lymph node clearance and
postoperative inflammatory markers (CRP, TNF-
o, IL-6) were visualized using scatter plots and
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lollipop charts in R. Missing data were handled
using right-censoring for loss to follow-up or
non-tumor-related deaths. A two-sided P-value
< 0.05 was considered significant.

Results

Comparison of baseline characteristics be-
tween the D2 and D2+ groups

This study compared baseline characteristics
between gastric cancer patients undergoing
standard (D2) and extended (D2+) lymph node
dissection. No statistically significant differenc-
es were found between the two groups in terms
of age (P = 0.376), sex (P = 0.174), BMI (P =
0.363), smoking history (P = 0.380), alcohol
consumption history (P = 0.480), comorbidities
(P=0.245), TNM stage (P =0.470), T stage (P =
0.716), N stage (P = 0.249), tumor location (P =
0.992), tumor size (P = 0.678), differentiation
grade (P = 0.431), lymphovascular invasion (P
= 0.877), or neural invasion (P = 0.883) (Table
1).

Comparison of intraoperative and postopera-
tive features between the D2 and D2+ groups

Intraoperative and postoperative features were
compared between the two groups. The D2+
group exhibited significantly longer operative
time (P < 0.001), greater intraoperative blood
loss (P < 0.001), and more lymph nodes dis-
sected (P < 0.001) than the D2 group. However,
there was no significant difference in hospital
stay between the groups (P = 0.708) (Table 2).

Comparison of inflammatory response be-
tween the D2 and D2+ groups

Differences in preoperative and postoperative
inflammatory markers were evaluated between
the two groups. Preoperative levels of CRP (P =
0.760), TNF-a (P = 0.635), and IL-6 (P = 0.857)
did not differ significantly between the two
groups, indicating comparable preoperative
inflammatory status. After treatment, both
groups demonstrated significantly elevated lev-
els of CRP, TNF-a, and IL-6 compared to their
preoperative levels (all P < 0.001). Notably,
postoperative levels of CRP (P < 0.001), TNF-a
(P < 0.001), and IL-6 (P < 0.001) were signifi-
cantly higher in the D2+ group compared to the
D2 group, suggesting that extended lymph
node dissection induces a more pronounced
postoperative inflammatory response (Table 3).
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Table 1. Comparison of baseline characteristics between standard and extended lymph node dissec-

tion groups

Factor Total (n =421) Stgr:gj;d(r?fslegcgf : Exéigizd(r?fZ?;;) : X2Value  PValue

Age
> 65 years 262 (62.23%) 122 (64.55%) 140 (60.34%) 0.784 0.376
< 65 years 159 (37.77%) 67 (35.45%) 92 (39.66%)

Sex
Male 284 (67.46%) 134 (70.90%) 150 (64.66%) 1.850 0.174
Female 137 (32.54%) 55 (29.10%) 82 (35.34%)

BMI
> 24 kg/m? 123 (29.22%) 51 (26.98%) 72 (31.03%) 0.826 0.363
< 24 kg/m? 298 (70.78%) 138 (73.02%) 160 (68.97%)

Smoking History
Yes 303 (71.97%) 132 (69.84%) 171 (73.71%) 0.772 0.380
No 118 (28.03%) 57 (30.16%) 61 (26.29%)

Alcohol History
Yes 148 (35.15%) 63 (33.33%) 85 (36.64%) 0.499 0.480
No 273 (64.85%) 126 (66.67%) 147 (63.36%)

Comorbidities
>1 126 (29.93%) 62 (32.80%) 64 (27.59%) 1.352 0.245
<1 295 (70.07%) 127 (67.20%) 168 (72.41%)

TNM Stage
Il 242 (57.48%) 105 (55.56%) 137 (59.05%) 0.521 0.470
1 179 (42.52%) 84 (44.44%) 95 (40.95%)

T Stage
T1-T2 121 (28.74%) 56 (29.63%) 65 (28.02%) 0.132 0.716
T3-T4 300 (71.26%) 133 (70.37%) 167 (71.98%)

N Stage
NO 121 (28.74%) 49 (25.93%) 72 (31.03%) 1.327 0.249
N1-N3 300 (71.26%) 140 (74.07%) 160 (68.97%)

Tumor Location
Antrum 182 (43.23%) 82 (43.39%) 100 (43.10%) 0.017 0.992
Body 135 (32.07%) 60 (31.75%) 75 (32.33%)
Cardia 104 (24.70%) 47 (24.87%) 57 (24.57%)

Tumor Size
>4cm 198 (47.03%) 91 (48.15%) 107 (46.12%) 0.172 0.678
<4cm 223 (52.97%) 98 (51.85%) 125 (53.88%)

Differentiation
Poor 196 (46.56%) 92 (48.68%) 104 (44.83%) 0.620 0.431
Moderate/High 225 (53.44%) 97 (51.32%) 128 (55.17%)

Lymphovascular Invasion
Yes 200 (47.51%) 89 (47.09%) 111 (47.84%) 0.024 0.877
No 221 (52.49%) 100 (52.91%) 121 (52.16%)

Neural Invasion
Yes 191 (45.37%) 85 (44.97%) 106 (45.69%) 0.022 0.883
No 230 (54.63%) 104 (55.03%) 126 (54.31%)

Note: BMI: Body Mass Index, TNM: Tumor Node Metastasis.
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Table 2. Comparison of intraoperative and postoperative features between standard and extended

lymph node dissection groups

Standard Dissection
Group (n = 189)

Variable

Extended Dissection

Group (n = 232) Statistic P Value

Operative Time (min)
Intraoperative Blood Loss (mL)
Number of Lymph Nodes Dissected
Hospital Stay (days)

236.10 + 25.41
278.27 £ 28.79
22.00 (6.00)
9.00 (3.00)

249.08 £ 26.08 5.139 <0.001

295.85 +29.41 6.161 <0.001
27.00 (4.00) 121 <0.001
9.00 (3.00) 0.375 0.708

Table 3. Comparison of preoperative and postoperative inflammatory markers between standard and

extended lymph node dissection groups

Standard Dissection Group Extended Dissection Group

Variable (n = 189) (n = 232) Statistic P Value
Preoperative CRP 472 +2.02 4.66 + 1.93 0.305 0.76
Postoperative CRP 40.20 (10.90) 48.20 (9.45) 9.697 <0.001
Statistic 92.228 11.921

P Value <0.001 <0.001

Preoperative TNF-o 3.78+1.19 3.83+1.16 0.475 0.635
Postoperative TNF-a 24.82 +5.45 30.14 +4.92 10.515 <0.001
Statistic 78.129 53.047

P Value <0.001 <0.001

Preoperative IL-6 115.49 + 20.61 115.12 + 20.99 0.18 0.857
Postoperative IL-6 154.01 + 34.33 177.21 £ 35.02 6.822 <0.001
Statistic 23.546 12.794

P Value <0.001 <0.001

Note: CRP: C-Reactive Protein, TNF-a: Tumor Necrosis Factor-alpha, IL-6: Interleukin-6. Postoperative measurements were

taken on the first day after surgery.

Association between lymph node dissection
quantity and postoperative inflammatory re-
sponse

The study analyzed the relationship between
the number of lymph nodes dissected and
postoperative inflammatory response. Posto-
perative CRP, TNF-«, and IL-6 levels were posi-
tively correlated with the number of lymph
nodes dissected (all P < 0.001), indicating that
increased lymph node dissection may exacer-
bate postoperative inflammation. No significant
correlation was observed between preopera-
tive CRP (P = 0.693), TNF-a (P = 0.259), or IL-6
(P = 0.838) levels and the number of lymph
nodes dissected (Figures 1, 2).

Linear regression analysis of lymph node dis-
section quantity and postoperative inflamma-
tory markers

Linear regression analysis confirmed a signifi-
cant positive correlation between postopera-
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tive CRP (P < 0.001), TNF-a (P < 0.001), and
IL-6 (P = 0.0006) levels and the number of lym-
ph nodes dissected. This supports the conclu-
sion that greater lymph node clearance intensi-
fies postoperative inflammation. No significant
association was found between preoperative
CRP (P =0.570), TNF-a (P = 0.079), or IL-6 (P =
0.992) levels and the number of lymph nodes
dissected (Table 4).

Comparison of postoperative complications
between the D2 and D2+ groups

Postoperative complication rates were com-
pared between the D2 and D2+ groups. No sig-
nificant differences were observed in the inci-
dence of wound infection (P = 0.761), pulmo-
nary infection (P = 1.000), bleeding (P = 0.590),
anastomotic leakage (P = 1.000), or intestinal
obstruction (P = 0.330). These results suggest
that extended lymph node dissection does not
significantly increase the risk of postoperative
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Figure 1. Correlation analysis of intraoperative lymph node dissection quantity and inflammatory markers. A, B. Correlation analysis of preoperative and postopera-

tive CRP with the number of lymph nodes dissected. C, D. Correlation analysis of preoperative and postoperative TNF-a with the number of lymph nodes dissected.
E, F. Correlation analysis of preoperative and postoperative IL-6 with the number of lymph nodes dissected. Note: CRP: C-Reactive Protein, TNF-a: Tumor Necrosis

Factor-alpha, IL-6: Interleukin-6.
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Lollipop Plot for Correlation with Lymph Nodes Cleared

risk included comorbidities (=

1, P <0.001), TNM stage Ill (P
= 0.022), T stage T3-T4 (P <
0.001), and tumor size >4 cm
(P < 0.001). No significant
associations were found with
sex (P = 0.471), BMI (P =
0.891), smoking history (P
0.102), alcohol consumption
history (P = 0.707), N stage (P
= 0.372), tumor location (gas-
tric body P = 0.068, cardia P =
0.902), differentiation grade
(P < 0.001), or lymphovascu-
lar invasion (P = 0.660) (Table
7; Figure 3).

Impact of standard and ex-
tended lymph node dissec-

tion on 3-year survival rates
by TNM stage

r=0.01
Pre.treatment.IL.6 1 “ p=0838
r=-0.02
Pre.treatment. CRP p=0693
r=-0.06
R Pre.treatment. TNF.a p=0259
el
.o
J
> r=0.20
Post.treatment.IL.6 %’p@_o
r=0.28
Post.treatment. TNF.a <0.00
r=0.28
Post.treatment. CPR{ p<0.00
02 0.1 0.0 0.1 02 03
Pearson's r

Figure 2. Correlation findings of intraoperative lymph node dissection quan-
tity and inflammatory markers. Note: CRP: C-Reactive Protein, TNF-a: Tumor

Necrosis Factor-alpha, IL-6: Interleukin-6.

complications when compared to standard dis-
section (Table 5).

Comparison of survival rates between the D2
and D2+ groups

The study compared 1-, 2-, and 3-year survival
rates between the D2 and D2+ groups. The
D2+ group showed a significantly higher 2-year
survival rate compared to the D2 group (P =
0.002). However, no significant differences
were observed in 1-year (P = 0.067) or 3-year
survival rates (P = 0.699) (Table 6).

Univariate Cox regression analysis of factors
affecting survival outcomes

During the 3-year follow-up, 188 patients died,
resulting in a mortality rate of 44.54%.
Univariate Cox regression analysis identified
several factors associated with survival out-
comes. Extended lymph node dissection (D2+)
was associated with a significantly lower mor-
tality risk compared to D2 (P = 0.017). Patients
aged < 65 years had a significantly lower mor-
tality risk than those > 65 years (P = 0.001).
Other factors associated with higher mortality
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Kaplan-Meier analysis of 3-
year survival rates in stage Il
and lll patients revealed that
D2+ dissection significantly
improved survival in stage Il
patients (P = 0.018), while no
significant survival benefit was observed in
stage lll patients (P = 0.428) (Figure 4).

Multivariate Cox regression analysis of factors
affecting survival outcomes

Multivariate Cox regression analysis identified
key factors influencing survival outcomes. TNM
stage lll was associated with a significantly
higher mortality risk compared to stage Il
(P < 0.001). Moderately/highly differentiated
tumors were associated with a significantly
lower mortality risk compared to poorly differ-
entiated tumors (P = 0.017). Patients aged <
65 years had a significantly lower mortality risk
than those > 65 years (P = 0.036). The surgical
approach (D2+ vs. D2, P = 0.057) and T stage
(T3-T4 vs. T1-T2, P = 0.076) showed trends
toward significance but did not reach statistical
significance (Table 8).

Univariate Cox regression analysis of factors
affecting progression-free survival (PFS)

Univariate Cox analysis and cumulative inci-

dence function (CIF) curves demonstrated that
D2+ significantly reduced the risk of disease

Am J Transl Res 2025;17(9):6861-6880
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Table 4. Linear regression analysis of lymph node dissection quantity and preoperative/postoperative

inflammatory markers

Unstandardized Coefficient Standardized Coefficient

95% Cl for B

Factor

P Value

Beta Std. Error Beta lower  upper
(Constant) 15.005 1.809 8.294 <0.001 11.449 18.56
Preoperative CRP -0.052 0.092 -0.026 -0.568 0.57 -0.232  0.128
Postoperative CRP 0.105 0.022 0.223 4781 <0.001 0.062 0.148
Preoperative TNF-a -0.272 0.155 -0.08 -1.759 0.079 -0.577 0.032
Postoperative TNF-a 0.147 0.032 0.214 4596 <0.001 0.084 0.21
Preoperative IL-6 -8.51E-05 0.009 <0.001 -0.01 0.992 -0.017 0.017
Postoperative IL-6 0.014 0.005 0.130 2.785 0.006 0.004 0.024

Note: CRP: C-Reactive Protein, TNF-a: Tumor Necrosis Factor-alpha, IL-6: Interleukin-6.

Table 5. Comparison of postoperative complication rates between standard and extended lymph

node dissection groups

Standard Dissection Group Extended Dissection Group

Group (n = 189) (n = 232) X? Value P Value
Wound Infection 4 (2.12%) 7 (3.02%) 0.761
Pulmonary Infection 3 (1.59%) 4 (1.72%) - 1
Bleeding 2 (1.06%) 1(0.43%) - 0.59
Anastomotic Leakage 3 (1.59%) 4 (1.72%) 1
Intestinal Obstruction 3(1.59%) 1 (0.43%) 0.33

Note: Fisher test is used.

Table 6. Comparison of postoperative survival rates between standard and extended lymph node dis-

section groups

Standard Dissection Group Extended Dissection Group

Group (n = 189) (n = 232) x? Value P Value
1-Year Survival Rate 159 (84.13%) 209 (90.09%) 3.361 0.067
2-Year Survival Rate 121 (64.02%) 181 (78.02%) 10.062 0.002
3-Year Survival Rate 95 (50.26%) 121 (52.16%) 0.149 0.699

progression (P = 0.009) (Figure 5A). Patients at
stage lll had a significantly higher risk of dis-
ease progression compared to stage Il (P <
0.001), with a faster progression rate observed
in stage Ill (Figure 5B). Similarly, patients with
N1-N3 stages had a higher risk of disease pro-
gression compared to NO stage (P < 0.001).
The CIF curve for the N1-N3 group showed a
steeper slope, reflecting faster progression
(Figure 5C). Patients aged > 65 years had a
significantly higher risk of progression (P =
0.001) and a notably faster disease progres-
sion (Figure 5D). For T stage, T3-T4 patients
had a higher risk of disease progression com-
pared to T1-T2 (P = 0.025) (Figure 5E), and
poorly differentiated tumors exhibited a signifi-
cantly higher risk of progression (P < 0.001)
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(Figure 5F). More specific findings are shown in
Table 9.

Multivariate Cox regression analysis of factors
affecting progression-free survival (PFS)

Multivariate Cox regression analysis confirmed
that extended lymph node dissection (D2+) sig-
nificantly reduced the risk of disease progres-
sion (P = 0.035). Patients aged < 65 years had
a significantly lower progression risk than those
> 65 years (P = 0.020). TNM stage Ill was asso-
ciated with a significantly higher progression
risk compared to stage Il (P < 0.001). Tumor dif-
ferentiation grade also played a role, with mod-
erately/highly differentiated tumors showing a
significantly lower progression risk compared
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Table 7. Univariate Cox regression analysis of factors affecting survival outcomes in gastric cancer
surgery
Variable Beta Std. Err. P Value HR Lower Upper
Surgical Approach

D2

D2+ -0.352 0.147 0.017 0.703 0.527 0.938
Age

> 65 years

< 65 years -0.534 0.163 0.001 0.586 0.426 0.806
Sex

Male

Female 0.111 0.155 0.471 1.118 0.826 1.513
BMI

> 24 kg/m?

< 24 kg/m? 0.156 0.167 0.348 1.169 0.843 1.621
Smoking History

Yes

No -0.022 0.164 0.891 0.978 0.710 1.347
Alcohol History

Yes

No 0.261 0.159 0.102 1.298 0.950 1.773
Comorbidities

>1

<1 0.061 0.162 0.707 1.063 0.774 1.459
TNM Stage

Il

I 0.988 0.151 <0.001 2.685 1.996 3.613
T Stage

T1-T2

T3-T4 0.403 0.176 0.022 1.496 1.061 2111
N Stage

NO

N1-N3 0.910 0.200 <0.001 2.484 1.680 3.674
Tumor Location

Antrum

Body 0.156 0.175 0.372 1.169 0.830 1.646

Cardia 0.332 0.182 0.068 1.393 0.976 1.989
Tumor Size

>4 cm

<4cm 0.018 0.147 0.902 1.018 0.763 1.359
Differentiation

Poor

Moderate/High -0.606 0.149 <0.001 0.546 0.408 0.731
Lymphovascular Invasion

Yes

No -0.217 0.147 0.140 0.805 0.603 1.074
Neural Invasion

Yes

No 0.065 0.148 0.660 1.067 0.799 1.427
Note: HR: Hazard Ratio, BMI: Body Mass Index, TNM: Tumor Node Metastasis.
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Figure 3. Survival curves for univariate Cox regression significant variables. A. Survival curves for patients with
different dissection approaches. B. Survival curves for patients with different TNM stages. C. Survival curves for
patients with different N stages. D. Survival curves for patients with different ages. E. Survival curves for patients
with different T stages. F. Survival curves for patients with different differentiation grades. Note: TNM: Tumor Node

Metastasis.
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Figure 4. Three-year survival curves for standard and extended lymph node dissection in stage Il and Il patients.
A. Three-year survival curves for standard and extended lymph node dissection in stage Il patients. B. Three-year
survival curves for standard and extended lymph node dissection in stage Ill patients.

to poorly differentiated tumors (P = 0.024). T
stage (T3-T4 vs. T1-T2, P = 0.072) showed a
trend toward significance but did not reach sta-
tistical significance. These results highlight that
surgical approach, age, TNM stage, and differ-
entiation grade are independent risk factors for
PFS in gastric cancer patients (Table 10).

Discussion

The cornerstone of gastric cancer surgical
treatment lies in achieving a balance between
radical resection and lymph node dissection.
While D2 Ilymph node dissection is widely
regarded as the standard approach for locally
advanced gastric cancer, the use of extended
D2+ dissection remains controversial, since its
potential survival benefits must be weighed
against increased surgical risks [19]. Kung et
al. [20] reported that in a Swedish national gas-

6872

tric cancer surgery cohort, D1+/D2 lymph node
dissection achieved a significantly higher
5-year survival rate (43.7%) compared to
DO/D1 (38.5%), without increasing postopera-
tive mortality, suggesting a survival advantage
for D2 dissection in western populations.
Moreover, studies have shown that laparoscop-
ic distal gastrectomy combined with D2 dissec-
tion in locally advanced gastric cancer is asso-
ciated with lower early complication rates
(16.6% vs. 24.1%) and faster recovery, support-
ing the safety of standardized D2 procedures
[21]. Recent advances in neoadjuvant chemo-
therapy and molecular subtyping have steered
gastric cancer treatment toward more person-
alized approaches. However, there is still limit-
ed evidence comparing the efficacy of D2 ver-
sus D2+ across different TNM stages, particu-
larly regarding the postoperative inflammatory
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Table 8. Multivariate cox regression analysis of factors affecting survival outcomes in gastric cancer

surgery

Variable Beta Std. Err.

P Value HR Lower Upper

Surgical Approach

D2

D2+ -0.280 0.148
Age

> 65 years

< 65 years -0.350 0.167
TNM Stage

Il

1] 1.075 0.209
T Stage

T1-T2

T3-T4 -0.426 0.240
N Stage

NO

N1-N3 < 0.0012
Differentiation

Poor

Moderate/High -0.369 0.154

0.057 0.755 0.566 1.009

0.036 0.705 0.508 0.978

<0.001 2.929 1.946 4.409

0.076 0.653 0.408 1.045

0.017 0.691 0.511 0.935

Note: 2Due to constant or linearly dependent covariates, degrees of freedom were reduced. HR: Hazard Ratio, TNM: Tumor

Node Metastasis.

response and its effect on long-term pro-
gnosis.

This study found that the D2+ group exhibited a
significantly higher 2-year overall survival (OS)
compared to the D2 group, though no signifi-
cant differences were observed in 1-year or
3-year 0S. Notably, in stage Il patients, the D2+
group demonstrated a significant improvement
in 3-year OS (P = 0.018), whereas no benefit
was observed in stage Il patients (P = 0.428).
These findings suggest that D2+ may offer a
survival advantage in stage Il patients by more
thoroughly eliminating potential lymph node
micrometastases. Stage Il gastric cancer typi-
cally presents with a lower tumor burden and
more localized lymph node metastasis, and
the extended lymph node clearance in D2+
(e.g., No. 16 para-aortic lymph nodes) may
effectively reduce local recurrence, thereby
prolonging survival [22]. Li et al. [23] found that
D2+ dissection, including No. 14v lymph nodes,
improved survival in distal gastric cancer
patients, particularly in those with No. 6 lymph
node metastasis. Similarly, Dai et al. [24]
reported that D2+ dissection (including Nos.
12a, 12b, and 12p) significantly improved
3-year PFS (67.0% vs. 55.9%) and 5-year OS
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(66.2% vs. 54.0%) in advanced distal gastric
cancer, further supporting the survival benefit
of D2+ in patients with lower tumor burden. In
contrast, stage lll patients often present with
more extensive lymph node metastasis or sub-
clinical distant metastases, and the extended
scope of D2+ may not be sufficient to alter the
disease’s biological progression, explaining the
limited survival benefit observed in this group
[B].

Multivariate Cox regression analysis identified
D2+ as an independent protective factor for
PFS, indicating that it may reduce local recur-
rence or delay disease progression. The broad-
er scope of D2+ likely enhances the clearance
of residual tumor cells, lowering recurrence
risk, particularly in patients with high risk
of lymph node metastasis. This finding aligns
with the Japanese Gastric Cancer Treatment
Guidelines (JCGC), which recommend extended
dissection, although the benefits of D2+ may
vary based on patient stage and biological
characteristics [25, 26]. Studies have also
shown that D2+ with complete mesogastric
excision (CME) significantly reduces local recur-
rence rates (RR = 0.51) and improves 3-year
OS (RR = 1.16) in advanced gastric cancer, fur-
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Figure 5. Cumulative incidence function (CIF) curves for univariate Cox regression significant variables. A. CIF curves
for patients with different dissection approaches. B. CIF curves for patients with different TNM stages. C. CIF curves
for patients with different N stages. D. CIF curves for patients with different ages. E. CIF curves for patients with
different T stages. F. CIF curves for patients with different differentiation grades. Note: CIF: Cumulative Incidence

Function, TNM: Tumor Node Metastasis.

ther supporting the role of D2+ in improving
local control [17]. Additionally, the lymph node
ratio (LNR) has been identified as a critical
prognostic marker in gastric cancer, highlight-
ing the effect of staging and the extent of
metastasis on dissection outcomes [27]. This
study emphasizes the importance of TNM
stage, age, and differentiation grade on PFS,
reinforcing the need for personalized treat-
ment. The differential response to D2+ between
stage Il and lll patients suggests that tumor
burden and the extent of lymph node metasta-
sis are key determinants of the efficacy of
extended dissection. Stage Il patients, with
less advanced disease, are more likely to ben-
efit from the thorough clearance offered by
D2+, whereas stage lll patients, with higher
recurrence risk, may require more aggressive
systemic therapies, such as postoperative che-
motherapy or immunotherapy, to address the
limitations of D2+ [28]. Chen et al. [29] demon-
strated that totally laparoscopic D2 gastrecto-
my following neoadjuvant chemotherapy opti-
mizes surgical outcomes, suggesting that neo-
adjuvant chemotherapy may enhance the effi-
cacy of D2+. Future studies should further
refine the appropriate scope of D2+ based on
disease stage and molecular markers (e.g.,
HER2, MMR status) to provide more individual-
ized treatment approaches.

The D2+ group exhibited significantly longer
operative time, greater intraoperative blood
loss, and a higher number of lymph nodes dis-
sected compared to the D2 group, reflecting
the increased complexity of D2+ surgery.
Removing lymph nodes from the para-aortic
area or splenic hilum requires more extensive
dissection, which increases surgical difficulty
and technical demands. However, no signifi-
cant difference in hospital stay was observed,
indicating that D2+ did not substantially pro-
long postoperative recovery. This may be due to
the beneficial effects of neoadjuvant chemo-
therapy on patients’ systemic condition, as well
as standardized intraoperative techniques and
optimized postoperative care. D2+ surgery
requires significant expertise and should be
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performed at high-volume centers to ensure
safety. Kulig et al. [30] reported no significant
differences in complication rates or mortality
between D2+ (including para-aortic lymph
nodes) and D2, confirming the safety of D2+
when performed in experienced centers.
Studies also suggest that removing more than
35 lymph nodes in D2 dissection increases
complication risks without affecting mortality,
indicating that the increased lymph node
resected in D2+ may heighten postoperative
burden [31]. This study also found that postop-
erative CRP, TNF-¢, and IL-6 levels were signifi-
cantly higher in the D2+ group and positively
correlated with the number of lymph nodes dis-
sected. Linear regression analysis confirmed
this association. The extended scope of D2+
likely induces more tissue damage and vascu-
lar exposure, triggering an acute inflammatory
response marked by elevated inflammatory
markers [32]. CRP, as an acute-phase reactant,
reflects systemic inflammation, while TNF-a
and IL-6 play critical roles in tissue injury and
immune responses [16]. The higher number of
lymph nodes dissected in D2+ may exacerbate
inflammation by prolonging operative time and
expanding the trauma area [33, 34]. The height-
ened inflammatory response associated with
D2+ may increase postoperative burden in
elderly or frail patients, potentially offsetting its
survival benefits. Therefore, preoperative eval-
uation of inflammatory status (e.g., baseline
CRP levels) and systemic tolerance is crucial.
For stage Il patients, the survival benefits of
D2+ likely outweigh the risks of inflammatory
burden, but for stage Ill patients, careful con-
sideration is needed, particularly in cases
where inflammation is exacerbated. Future
studies could investigate preoperative immu-
nomodulation or postoperative anti-inflamma-
tory therapies (e.g., NSAIDs or immunosuppres-
sants) to reduce inflammation and optimize
clinical outcomes following D2+.

Multivariate Cox regression analysis revealed
that age < 65 years, lower TNM stage (stage ),
and higher differentiation grade were indepen-
dent protective factors for both OS and PFS,
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Table 9. Univariate Cox regression analysis of factors affecting progression-free survival (PFS) in gas-
tric cancer surgery
Factor Beta Std. Err. P Value HR Lower Upper
Surgical Approach

D2

D2+ -0.381 0.146 0.009 0.683 0.513 0.909
Age

> 65 years

< 65 years -0.563 0.162 0.001 0.570 0.415 0.783
Sex

Male

Female 0.119 0.153 0.439 1.126 0.834 1.521
BMI

> 24 kg/m?

< 24 kg/m? 0.151 0.165 0.361 1.163 0.841 1.607
Smoking History

Yes

No -0.036 0.163 0.825 0.965 0.701 1.328
Alcohol History

Yes

No 0.256 0.158 0.106 1.291 0.947 1.760
Comorbidities

>1

<1 0.049 0.160 0.760 1.050 0.767 1.438
TNM Stage

Il

I 0.972 0.150 0.000 2.644 1.971 3.546
T Stage

T1T2

T3-T4 0.389 0.174 0.025 1.476 1.050 2.074
N Stage

NO

N1-N3 0.897 0.197 0.000 2.453 1.668 3.607
Tumor Location

Antrum

Body 0.130 0.173 0.454 1.139 0.810 1.600

Cardia 0.319 0.180 0.075 1.376 0.968 1.957
Tumor Size

>4 cm

<4cm 0.032 0.146 0.829 1.032 0.775 1.375
Differentiation

Poor

Moderate/High -0.590 0.148 0.000 0.555 0.415 0.741
Lymphovascular Invasion

Yes

No -0.199 0.146 0.173 0.819 0.616 1.091
Neural Invasion

Yes
No 0.089 0.147 0.545 1.093 0.819 1.459
Note: PFS: Progression-Free Survival, HR: Hazard Ratio, BMI: Body Mass Index, TNM: Tumor Node Metastasis.
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Table 10. Multivariate Cox regression analysis of factors affecting progression-free survival (PFS) in

gastric cancer surgery

Variable Beta Std. Err.

P Value HR Lower Upper

Surgical Approach

D2

D2+ -0.309 0.146
Age

> 65 years

< 65 years -0.386 0.167
TNM Stage

Il

1 1.056 0.206
T Stage

T1T2

T3-T4 -0.425 0.236
N Stage

NO

N1-N3 0.000°
Differentiation

Poor

Moderate/High -0.346 0.153

0.035 0.734 0.551 0.978

0.020 0.680 0.490 0.942

0.000 2.875 1.921 4.304

0.072 0.654 0.411 1.039

0.024 0.708 0.524 0.955

Note: 2Due to constant or linearly dependent covariates, degrees of freedom were reduced. HR: Hazard Ratio, TNM: Tumor

Node Metastasis.

with D2+ showing an independent protective
effect on PFS (P = 0.035) and a trend toward
significance for OS (P = 0.057). Younger pa-
tients, with better systemic conditions, recover
faster and tolerate more extensive dissection
[35]. Lower TNM stage and higher differentia-
tion grade were associated with reduced tumor
invasiveness and metastatic potential, corre-
lating with better prognosis [36]. These findings
highlight the importance of patient-specific
characteristics in treatment decision-making.
The potential benefits of D2+ in younger, stage
Il, and well-differentiated patients may stem
from its enhanced tumor control capabilities.
The benefits of D2+ observed in stage |l
patients in this study may be due to the wide-
spread use of neoadjuvant chemotherapy,
which shrinks tumors and controls micrometas-
tases, thereby amplifying the efficacy of D2+.
The lack of clear benefits from D2+ in western
studies may be due to differences in patient
selection, postoperative adjuvant therapies, or
insufficient follow-up duration.

However, this study has some limitations.
First, its retrospective design may have intro-
duced selection bias, limiting causal infer-
ences. Second, the 3-year follow-up duration
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did not assess 5-year survival or long-term
prognosis, potentially underestimating the ben-
efits of D2+. Lastly, the study did not assess
postoperative quality of life, digestive function,
or conduct subgroup analyses of dissection
extent, restricting the comprehensiveness of
the findings. Future research should include
multicenter, prospective randomized controlled
trials to validate the efficacy and safety of D2+,
extend follow-up to evaluate long-term survival
and quality of life, explore inflammatory mark-
ers (e.g., CRP, TNF-q, IL-6) as prognostic indica-
tors, and investigate D2+ efficacy across
molecular subtypes of gastric cancer using
genomic and immunological approaches. The
effect of D2+ on postoperative adjuvant thera-
pies (e.g., immune checkpoint inhibitors) should
also be further explored.

Conclusion

D2+ lymph node dissection improves 2-year OS
and PFS in stage |l gastric cancer patients with-
out increasing postoperative complication risk.
However, it induces a more pronounced inflam-
matory response, particularly in elderly or frail
patients. D2+ should be prioritized for stage Il
patients, balancing survival benefits against
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inflammation. For stage Ill patients, careful
assessment is needed. Monitoring inflamma-
tory markers can optimize postoperative man-
agement. Future studies should focus on long-
term follow-up, molecular subtyping, and the
role of D2+ in precision medicine to enhance
patient outcomes.
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