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AIM: The oncologic safety of laparoscopic radical total gastrectomy for pT4a gastric cancer remains debated, and the potential modi-
fying role of Lauren histotype is unclear. This study aimed to develop an individualized prediction model for prolonged postoperative
hospital stay to support risk-stratified rehabilitation. Secondary analyses compared perioperative outcomes between laparoscopic and
open surgery, while exploratory subgroup analyses assessed potential effects of Lauren subtype.

METHODS: This single-center retrospective cohort study included consecutive patients with pT4a gastric adenocarcinoma undergoing
radical total gastrectomy at General Hospital of Ningxia Medical University from January 2021 to December 2025. Among 302 patients,
153 underwent laparoscopic surgery and 149 underwent open surgery. One-to-one propensity score matching (PSM) generated a balanced
cohort of 248 patients. Univariable and multivariable logistic regression identified independent predictors of prolonged postoperative
hospital stay. Model performance was evaluated using receiver operating characteristic (ROC) curves, calibration analysis, decision
curve analysis (DCA), and SHapley Additive exPlanations (SHAP). A nomogram was constructed for individualized risk estimation.
Perioperative and oncological outcomes were compared, and interaction analyses were performed to explore potential effect modification
by Lauren subtype.

RESULTS: After PSM, baseline characteristics were well balanced (all standardized mean differences <0.1). Multivariable analysis
identified laparoscopic surgery (odds ratio [OR] = 0.47, 95% confidence interval [CI] 0.27-0.82, p = 0.008), specific N-stage categories
and histological differentiation categories were associated with a lower risk of prolonged hospitalization, whereas increased intraoperative
blood loss was associated with prolonged hospitalization. The prediction model achieved an area under the curve (AUC) of 0.73 (95%
CI 0.67-0.79), with good calibration and clinical utility across threshold probabilities of 0.1-0.7. SHAP analysis indicated Node (N)
stage and surgical approach as the two most influential predictors. Compared with open surgery, laparoscopic gastrectomy resulted in
shorter incision length, reduced blood loss, earlier drain removal, and shorter postoperative and overall hospital stays (all p < 0.05),
despite longer operative time. No significant differences were observed in lymph node retrieval, positive lymph node counts, or N
stage distribution. Exploratory analyses demonstrated consistent favorable trends of laparoscopic surgery across Lauren subtypes, but
no significant interaction was detected between surgical approach and Lauren classification (all pinteraction > 0.05).

CONCLUSIONS: Laparoscopic surgery, histological differentiation, N stage, and intraoperative blood loss independently predict pro-
longed postoperative hospitalization after radical total gastrectomy for pT4a gastric cancer. The proposed model may provide preliminary
risk stratification for patients undergoing radical total gastrectomy for pT4a gastric cancer, although further validation is required. La-
paroscopic D2 radical total gastrectomy offers comparable lymph node retrieval and pathological outcomes with improved short-term
recovery outcomes. The potential influence of Lauren subtype requires validation in larger multicenter cohorts.
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the incidence and mortality of gastric cancer rank among

the highest of all malignancies. Due to the low rate of
Introduction early detection, more than half of cases are initially diag-
nosed with locally advanced or metastatic disease [2,3].
By virtue of its significant impact on patient outcomes,
D2 lymphadenectomy—based radical total gastrectomy re-
mains the standard treatment for pT4a gastric cancer [4].
However, patients with pT4a disease often experience ex-
tensive surgical trauma and pronounced postoperative in-
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Gastric cancer is one of the most prevalent malignancies
worldwide, with approximately 1.1 million new cases and
more than 760,000 deaths reported globally in 2020, rep-
resenting a substantial disease burden [1]. In China, both

1624  Ann. Ital. Chir, 97,9, 2026


https://doi.org/10.62713/aic.4867

Shensi Chen, et al.

ciated with in-hospital complications, healthcare resource
utilization, and economic burden. Therefore, accurate iden-
tification of risk factors for delayed postoperative recov-
ery and development of a disease-specific risk-stratification
model represent a key clinical priority to refine periopera-
tive precision management for patients with pT4a gastric
cancer, constituting the primary objective of the present
study.

With the advancement of minimally invasive surgery,
laparoscopic radical total gastrectomy has been widely
adopted for treating early gastric cancer. Multiple meta-
analyses have demonstrated that laparoscopic surgery pro-
vides advantages, including reduced blood loss and faster
recovery, with comparable oncological outcomes to open
surgery [5,6]. The surgical approach acts as a modifiable
determinant of postoperative recovery and serves as an es-
sential covariate for models predicting postoperative length
of stay. The CLASS-01 and KLASS-02 multicenter ran-
domized controlled trials demonstrated that laparoscopic
and open gastrectomy had comparable short-term compli-
cation rates and long-term survival outcomes in locally ad-
vanced gastric cancer, providing evidence supporting the
broader application of laparoscopic techniques [7,8]. Nev-
ertheless, subgroup data specifically focusing on pT4a pa-
tients remain limited, leaving uncertainty regarding the on-
cological equivalence of laparoscopy in this high-risk pop-
ulation. Under certain circumstances, surgeons remain cau-
tious about its technical feasibility and the completeness of
lymph node dissection, particularly in cases with extensive
tumor invasion and severe adhesions [9]. Since the ade-
quacy of lymphadenectomy is a key determinant of onco-
logical radicality, insufficient D2 dissection may increase
gastric cancer—specific mortality at 5 years in patients with
pT4a disease [10]. Therefore, evaluation of alternative sur-
gical approaches must prioritize maintaining oncological
completeness.

Lauren classification is a widely recognized histological
classification system for gastric cancer, consisting of in-
testinal, diffuse, and mixed subtypes. It reflects tumor
growth patterns and biological behaviors, with substantial
differences among subtypes in invasiveness, metastatic pat-
terns, and prognosis [11,12]. From pathological and bio-
logical perspectives, variations in local invasion patterns
among Lauren subtypes may influence the technical dif-
ficulty of laparoscopic dissection and the magnitude of
postoperative inflammatory responses, potentially affecting
postoperative hospitalization duration according to the sur-
gical approach performed. However, previous comparative
studies of surgical approaches have rarely considered the
stratifying effect of Lauren classification. Whether patients
with different pathological subtypes derive differential re-
covery benefits from laparoscopic surgery remains unclear,
with current evidence limited by small sample sizes and in-
consistent findings [13]. Lauren classification was exam-
ined solely as an exploratory effect modifier in subgroup

interaction analyses. These analyses were not predefined
primary endpoints; their outputs are hypothesis-generating
rather than confirmatory.

Currently, systematic analyses and dedicated prediction
models for prolonged postoperative hospitalization after
pT4a gastric cancer surgery remain lacking. Existing mod-
els are mainly developed based on findings of heteroge-
neous gastric cancer populations across all stages and do not
adequately account for the unique characteristics of pT4a
disease, including aggressive tumor invasion and extensive
surgical trauma, thereby limiting their clinical applicabil-
ity for high-risk patients [14]. Accordingly, constructing
an individualized risk-prediction model for delayed recov-
ery after radical total gastrectomy and identifying key deter-
minants of hospital recovery carry substantial clinical rel-
evance. Against this background, the present study had
three hierarchical objectives. The primary objective was
to identify independent predictors of prolonged postopera-
tive hospital stay in pT4a gastric cancer, develop and vali-
date an individualized risk prediction model, and establish
a quantitative tool for postoperative risk stratification. The
secondary objective was to compare perioperative recov-
ery and pathological outcomes between laparoscopic and
open D2 gastrectomy, and characterize the impact of sur-
gical approach as a modifiable factor on postoperative re-
covery. Lastly, the exploratory objective was to perform
interaction analyses stratified by Lauren histotype, explor-
ing whether histological subtype modifies the association
between surgical approach and postoperative outcomes, so
as to generate hypotheses to inform future precision-based
surgical selection.

Methods
Study Design

This single-center retrospective cohort study was conducted
using electronic medical records and pathological databases
from General Hospital of Ningxia Medical University. A
three-tier analytical framework was predefined: primary,
secondary, and exploratory analyses. The primary objec-
tive was to identify independent risk factors for prolonged
postoperative hospital stay following radical total gastrec-
tomy with D2 lymphadenectomy for pT4a gastric adeno-
carcinoma and to develop an individualized risk-prediction
model. The secondary objective was to estimate the effects
of surgical approach on perioperative safety, postoperative
recovery, and oncological radicality, providing contextual
interpretability for the surgical-approach variable in the pri-
mary prediction model. The exploratory objective was to
test the potential effect-modifying role of Lauren classifica-
tion on surgical outcomes exclusively to generate hypothe-
ses for future investigations. This exploratory analysis was
not designed to establish the definitive predictive value of
Lauren classification, nor to support its use as a basis for
surgical decision-making in clinical practice. Surgical ap-
proach was incorporated as a modifiable perioperative co-
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variate into the primary prediction model, whereas Lauren
classification was assessed for potential effect modification
in predefined exploratory subgroup and interaction analyses
with strictly hypothesis-generating interpretive boundaries.
Propensity score matching (PSM) was applied to mitigate
selection bias arising from non-random surgical-group as-
signment in this retrospective design. PSM served as the
shared methodological foundation for all three tiers of anal-
yses, and the PSM-matched cohort was used for compara-
tive analyses and prediction model development; therefore,
the developed model should be interpreted within the char-
acteristics of this balanced retrospective cohort.

This investigation strictly adhered to the ethical principles
outlined in the Declaration of Helsinki. The study protocol
received formal authorization from the Institutional Review
Board of the General Hospital of Ningxia Medical Univer-
sity (Ethics Approval Number: KYLL-2026-1127). The re-
quirement to obtain written informed consent was waived
due to the retrospective nature of the chart review, absence
of additional patient interventions, and full anonymization
of all clinical and pathological identifiers to protect partic-
ipant confidentiality.

Study Population

We consecutively enrolled patients with primary gastric
adenocarcinoma who underwent radical total gastrectomy
at the Department of Gastrointestinal Surgery, General
Hospital of Ningxia Medical University, between January
2021 and December 2025.

Inclusion Criteria

The inclusion criteria of this study are as follows:

1. Age >18 years, with no sex restrictions.

2. Primary gastric adenocarcinoma confirmed by preoper-
ative gastroscopic biopsy and pathological examination.

3. Postoperative pathological staging consistent with pT4a
disease according to the 8th edition of the American Joint
Committee on Cancer (AJCC) Tumor—Node—Metastasis
(TNM) staging system, with no evidence of distant metasta-
sis (MO0) on preoperative cross-sectional imaging and final
pathological examination.

4. Underwent either laparoscopic radical total gastrectomy
or open radical total gastrectomy with complete standard
D2 lymphadenectomy.

5. No history of neoadjuvant therapy, including chemother-
apy, radiotherapy, targeted therapy, or immunotherapy, be-
fore surgery.

6. No history of synchronous or metachronous malignan-
cies at other anatomical sites.

Exclusion Criteria

The exclusion criteria of this study are as follows:

1. Emergency surgery for tumor-related hemorrhage, per-
foration, or obstruction, or receipt of palliative non-curative
resection.
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2. Presence of concurrent primary malignant tumor at an-
other anatomical site.

3. Severe pre-existing dysfunctions of critical organs (car-
diac, pulmonary, hepatic, renal) that preclude radical total
gastrectomy.

4. Psychiatric disorders that impair treatment adherence
and postoperative follow-up.

5. Pregnancy or lactation.

6. Incomplete key clinical or pathological documentation,
premature self-discharge, or loss to follow-up during inpa-
tient care.

Group Allocation and Stratification Variable

Patients were stratified into the laparoscopic surgery (LG)
group and open surgery (OG) group, according to the sur-
gical type. Surgical approach was not treated as a stan-
dalone primary endpoint. Instead, it was entered into the
primary prediction model as a modifiable covariate influ-
encing postoperative recovery to quantify its independent
effect on prolonged postoperative hospital stay.
Postoperative pathological Lauren classification served as
the stratification factor for exploratory subgroup analyses
only. In analyses, the patients were categorized according
to the Lauren classification into three distinct subgroups:
intestinal type, diffuse type, and mixed type. Notably, Lau-
ren classification was applied solely as an exploratory vari-
able for hypothesis generation; it was not validated as a clin-
ical predictor for surgical approach selection, and no recom-
mendations for patient-tailored surgical decision-making
based on Lauren subtypes were derived from this study.
All histological slides were independently reviewed in a
blinded fashion by two pathologists who had over 10 years
of specialized experience in diagnosing gastrointestinal ma-
lignancies. Discrepant diagnoses were resolved via multi-
disciplinary pathological consensus review to reach a uni-
fied final classification.

Data Extraction and Variable Definitions

All clinical data were extracted from the integrated institu-
tional electronic platforms, including the electronic medi-
cal record (EMR) system, anesthesia information system,
pathological information system (PIS), and laboratory in-
formation system (LIS). Two trained investigators indepen-
dently extracted and cross-validated all data. Conflicting
entries were resolved by reviewing the original hard-copy
medical records to ensure data integrity and accuracy.

Demographic and Baseline Characteristics

The following variables were collected as covariates for
PSM and confounder adjustment in regression models, and
none were defined as independent study endpoints:

1. Demographic characteristics: age, sex, body weight,
height, with body mass index (BMI, kg/m?) calculated.
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2. Preoperative laboratory parameters (collected within one
week before surgery, prior to any invasive intervention or
antineoplastic therapy):

(1) Tumor biomarkers: serum carcinoembryonic antigen
(CEA) and carbohydrate antigen 19-9 (CA19-9);

(2) Nutritional and inflammatory indices: hemoglobin
(Hb), serum albumin, neutrophil count, lymphocyte count,
platelet count, and monocyte count;

(3) Systemic inflammatory indices: The neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte percent-
age ratio (PL%R), and lymphocyte-to-monocyte ratio
(LMR) were derived from the pre-treatment complete blood
count (CBC) with differential. The original dataset retained
leukocyte differential percentages (relative values) but not
absolute leukocyte counts. NLR and LMR were therefore
calculated as the ratios of the corresponding differential
percentages (neutrophil % / lymphocyte % and lympho-
cyte % / monocyte %, respectively). Because the abso-
lute neutrophil, lymphocyte, and monocyte counts are each
the product of the total white blood cell count and the re-
spective differential percentage, the total white blood cell
count cancels in these ratios; consequently, NLR and LMR
computed from differential percentages are mathematically
equivalent to those computed from absolute counts. PL%R
was calculated as the absolute platelet count divided by the
lymphocyte percentage, in accordance with Al Gazzar et
al. [15], who defined the platelet-to-lymphocyte percent-
age ratio as a distinct inflammatory index separate from
the conventional platelet-to-lymphocyte ratio. As absolute
lymphocyte counts were unavailable in our dataset, the con-
ventional PLR could not be computed; PL%R is therefore
reported throughout the manuscript;

(4) Tumor pathological features: tumor location, maximum
tumor diameter, gross morphological type (ulcerative, pro-
trusive, etc.), histological differentiation, and Lauren clas-
sification.

Surgical and Postoperative Recovery Parameters

The recovery parameters used in this study are listed as fol-
lows:

(1) Operative time: defined as the duration from skin inci-
sion to completion of skin closure (h).

(2) Incision length: measured using a standardized proto-
col across both groups. The linear skin incision length was
recorded: for the laparoscopic group, the length of the up-
per abdominal auxiliary incision was measured (excluding
trocar wounds); for the open group, the length of the mid-
line upper-abdominal main incision was measured. Circu-
lating nurses performed immediate measurements with ster-
ile rulers upon skin closure. Consistent personnel, measur-
ing tools, and timing guaranteed inter-group comparability.
(3) Intraoperative blood loss: estimated using the combined
method of suction volume after subtracting irrigation fluid
volume and gauze weight measurement (mL).

(4) Time to abdominal drainage tube removal: defined as
the interval from the day of surgery to the day on which
the final abdominal drain was formally removed, based on
documented clinical orders. Delayed removal due to post-
operative complications was recorded according to the ac-
tual date of drain withdrawal. This uniform definition min-
imized variability caused by individual institutional prac-
tices for early drain removal.

(5) Postoperative hospital stay: defined as the number of
days from completion of surgery to the day of discharge
after meeting discharge criteria. A standardized discharge
protocol was applied to reduce heterogeneity; however,
postoperative hospital stay may still be influenced by insti-
tutional clinical management practices and does not solely
reflect physiological recovery.

(6) Total hospital stay: defined as the number of days from
admission to discharge.

(7) Postoperative complications: All surgery-related com-
plications occurring within 30 days after surgery were
recorded and graded according to the Clavien—Dindo clas-
sification. The overall complication rate and incidence of
major complications (grade =III) were calculated.
Discharge was considered when all standardized criteria
were met, including ability to consume an oral semi-liquid
diet without assistance, maintenance of normal body tem-
perature, satisfactory wound healing without redness or dis-
charge, removal of abdominal drainage tubes, and no ongo-
ing requirement for intravenous fluid or supportive therapy.

Tumor Pathological Characteristics

Parameters related to tumor pathological characteristics
were collected, including tumor anatomical location, maxi-
mum tumor diameter, gross morphological subtype (ulcer-
ative, protuberant, etc.), histological differentiation grade,
Lauren classification, total number of harvested lymph
nodes, number of metastatic lymph nodes, and pathological
N stage (according to the 8th AJCC TNM staging frame-
work).

Surgical Procedures

All procedures were performed by the same gastrointesti-
nal surgical team, with operations conducted by senior sur-
geons with more than 10 years of experience in gastric
cancer radical surgery. The primary laparoscopic surgeon
had completed more than 500 laparoscopic radical gas-
trectomies and had surpassed the learning curve, ensuring
technical consistency and procedural homogeneity between
groups. All surgeries were conducted in strict adherence
to the D2 lymphadenectomy standards recommended by
the Japanese Gastric Cancer Treatment Guidelines (5th edi-
tion). Postoperatively, all patients were managed according
to a standardized enhanced recovery after surgery (ERAS)
protocol.

For the laparoscopic surgery group, a conventional five-
port approach was used to establish access, followed
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by CO; pneumoperitoneum with intra-abdominal pressure
maintained at 12—14 mmHg. Intracorporeal procedures in-
cluded complete laparoscopic dissection of perigastric liga-
ments, skeletonization and division of the left gastric, right
gastric, and bilateral gastroepiploic vessels, standard D2
lymph node dissection, and distal esophageal mobilization.
A 4-6 cm upper abdominal auxiliary incision was created
for extracorporeal specimen extraction and digestive tract
reconstruction using esophagojejunostomy with Roux-en-
Y reconstruction; laparoscopic intracorporeal reconstruc-
tion was not performed.

For the open surgery group, an upper midline abdominal in-
cision extending around the umbilicus was used for abdom-
inal access. Total gastrectomy, D2 lymphadenectomy, and
esophagojejunostomy with Roux-en-Y reconstruction were
performed according to standard open surgical procedures.
In both groups, one to two abdominal drainage tubes were
routinely placed at the Winslow foramen and left subdi-
aphragmatic space.

All patients were managed using the same standardized
ERAS protocol, which included preoperative fasting for
6 hours with clear fluids withheld for 2 hours before
surgery; goal-directed intraoperative fluid management to
maintain fluid balance; multimodal postoperative analge-
sia (patient-controlled intravenous analgesia combined with
nonsteroidal anti-inflammatory drugs); passive bed activity
beginning on postoperative day 1, followed by encouraged
ambulation from postoperative day 2; and initiation of oral
water intake on postoperative day 1, followed by gradual
transition from liquid to semi-liquid diets.

Abdominal drainage tubes were removed according to
the standardized criteria, which included stable abdominal
signs, absence of fever or abdominal pain, clear drainage
fluid, drainage volume <200 mL over 24 hours, and clini-
cal exclusion of complications such as anastomotic leakage
or intra-abdominal bleeding. Drainage management, com-
plication assessment, and discharge decision-making were
executed in compliance with the same clinical protocols to
minimize the influence of management heterogeneity on
patient outcomes.

QOutcome Measures

Outcome measures and analytical workflows were struc-
tured according to the three-tier framework (primary-
secondary-exploratory). All analyses were performed on
the PSM-balanced cohort.

Primary Analysis: Identification of Risk Factors and
Construction of Prediction Model for Prolonged
Postoperative Hospital Stay (Primary Endpoint)

Prolonged postoperative hospital stay was designated as the
primary endpoint. This analysis aimed to systematically
identify independent risk factors and develop an individ-
ualized risk prediction model. Surgical approach was in-
cluded as a candidate predictor to quantify its independent
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contribution to postoperative recovery, rather than to test
superiority between surgical modalities.

Patients were dichotomized into the prolonged-stay group
(= median value) and non-prolonged-stay group (< median
value), using the cohort-wide median of postoperative hos-
pital stay derived from the PSM-matched population as the
cut-off threshold.

Candidate predictors that were subjected to analysis in-
cluded surgical approach, age, sex, body mass index, pre-
operative serum albumin, preoperative hemoglobin, neu-
trophil-to-lymphocyte ratio, maximum tumor diameter,
Lauren classification, histological differentiation, N-stage,
intraoperative blood loss, and operative time.

The prediction model was evaluated in terms of its power
in discrimination (receiver operating characteristic [ROC]
curve, area under the curve [AUC]), calibration (calibration
plots with bootstrap internal validation), clinical utility (de-
cision curve analysis), and model interpretability (SHapley
Additive exPlanations [SHAP] algorithm). A nomogram
was constructed based on regression coefficients to enable
rapid quantitative assessment of individual patient risk.

Secondary Analysis: Effect Estimates of Surgical
Approach on Perioperative Outcomes (Supporting
Analysis)

This auxiliary analysis addressed the primary objective
by deciphering the univariable associations of surgical
approach with perioperative safety, postoperative recov-
ery, and oncological radicality. It provided contextual
background for interpreting the surgical-approach predic-
tor within the primary risk prediction model and did not
formally test superiority hypotheses for either surgical tech-
nique.

Perioperative safety endpoints included operative time, in-
cision length, intraoperative blood loss, 30-day postopera-
tive complication rate, and distribution of Clavien—Dindo
grades.

Postoperative recovery endpoints included time to abdom-
inal drain removal and total hospital stay.

Oncological radicality endpoints encompassed total num-
ber of retrieved lymph nodes, number of positive lymph
nodes, and distribution of postoperative N-stage.

Exploratory Analysis: Effect Modification by Lauren
Classification (Hypothesis-Generating Analysis)

Stratified analyses were performed across intestinal, dif-
fuse, and mixed Lauren subtypes to evaluate associations
between surgical approach and each endpoint. Regression
models with multiplicative interaction terms were fitted to
examine whether Lauren classification modified the rela-
tionship between surgical approach and postoperative re-
covery outcomes. This was a pre-specified, purely ex-
ploratory analysis—not designed to test surgical superior-
ity, nor to confirm the predictive utility of Lauren classifica-
tion for clinical decision-making. It aimed to detect poten-
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tial signals of effect heterogeneity and generate preliminary
hypotheses for future prospective confirmatory studies. No
definitive clinical guidance regarding surgical approach se-
lection by Lauren subtype was intended or should be in-
ferred from these analyses.

Statistical Analysis

The statistical analyses utilized in this study were selected
according to the predefined analytical framework consist-
ing of three sequential objectives: (1) identifying indepen-
dent predictors of prolonged postoperative hospital stay and
developing an individualized risk prediction model as the
primary objective; (2) comparing perioperative and onco-
logical outcomes between surgical approaches to provide
clinical context for interpreting model predictors as a sec-
ondary analysis; and (3) exploring whether Lauren classifi-
cation modified the association between surgical approach
and short-term outcomes as a hypothesis-generating analy-
sis. Accordingly, statistical methods were applied accord-
ing to each research question rather than as independent
comparisons.

Baseline Covariate Description and Intergroup Balancing
(Shared Methodological Foundation)

This section forms the shared methodological basis for all
subsequent analyses. Its core objectives are to describe
the baseline profile of the study cohort and to construct
a balanced comparison population to minimize treatment-
selection bias. The distribution of continuous variables
was assessed using the Shapiro—Wilk test. Continuous
variables that conform to a normal distribution were ex-
pressed as mean + standard deviation (SD) and com-
pared using independent-samples #-tests. Non-normally
distributed continuous variables were presented as median
(interquartile range) [M (P25, P75)] and analyzed using
the Mann—Whitney U test. Categorical variables were re-
ported as numbers (percentages) [n (%)], with comparisons
performed using the chi-square test or Fisher’s exact test
when appropriate. Ordinal variables were analyzed using
the Mann—Whitney U test.

Baseline balance was assessed using standardized mean dif-
ferences (SMDs), with an SMD <0.1 indicating adequate
balance. Hypothesis-testing p-values were not used for bal-
ance evaluation. Analyses were conducted in both the origi-
nal and propensity score—matched cohorts, with the propen-
sity score—matched cohort serving as the primary-analysis
population.

To minimize treatment-selection bias, PSM was performed
using 12 preoperative covariates potentially associated with
surgical approach and outcomes: age, sex, BMI, preop-
erative CEA, CA19-9, hemoglobin, albumin, NLR, tumor
location, maximum tumor diameter, histological differen-
tiation, and Lauren classification. A logistic regression
model was used to estimate propensity scores. One-to-one
nearest-neighbor matching without replacement was per-

formed with a caliper of 0.05 standard deviations of the
logit-transformed propensity score, restricted to the region
of common support.

Primary Analysis: Risk Factor Screening and Prediction
Model Development for Prolonged Postoperative Hospital
Stay

The primary analysis addresses the core research question:
which factors are independently associated with prolonged
postoperative hospital stay, and can a clinically practical
individualized risk prediction model be constructed? We
adopted a two-stage strategy: first identify independent pre-
dictors via regression, then build and comprehensively val-
idate the prediction model. All primary analyses were per-
formed in the propensity score-matched cohort. Univari-
able logistic regression was performed with prolonged post-
operative hospitalization as the outcome, and variables with
p <0.10 were entered into multivariable binary logistic re-
gression (Enter method). Independent predictors were re-
ported with odds ratios (ORs) and 95% confidence intervals
(ClIs).

A prediction model was developed based on independent
predictors and evaluated for discrimination, calibration,
clinical utility, and interpretability. Discrimination was
assessed using ROC curves and AUC values with 95%
Cls. Calibration was evaluated using calibration curves
with bootstrap internal validation (1000 resamples). Clini-
cal utility was assessed by decision curve analysis (DCA).
SHAP analysis was performed to quantify feature contri-
butions and directions of effects. A nomogram was con-
structed based on regression coefficients for individualized
risk estimation.

Statistical Methods for Secondary Analysis: Inter-Group
Comparison of Perioperative and Oncopathological
Outcomes

The secondary analysis provides clinical context for inter-
preting the primary findings by comparing perioperative
safety, postoperative recovery, and oncological radicality
between the two surgical approaches. This comparative
analysis offers mechanistic evidence to explain why surgi-
cal approach acts as an independent predictor of prolonged
hospitalization. Within the propensity score—matched co-
hort, indices of perioperative safety, recovery trajectory,
and oncological radicality were compared between the la-
paroscopic and open surgery groups. These comparisons
characterize the real-world performance of each procedure
in our cohort and deliver complementary support for inter-
preting the surgical approach variable in the primary risk
prediction model.

Exploratory Analysis: Subgroup and Interaction Testing
for Lauren Classification Effect Modification

Within the propensity score—matched cohort, subgroup out-
come comparisons were conducted with Lauren histotype
stratification. Full-cohort regression models incorporat-
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ing surgical approach, Lauren classification, and their mul-
tiplicative interaction term were constructed to test ef-
fect modification. Consistent with its strictly exploratory,
hypothesis-generating purpose, this analysis was not pow-
ered to confirm definitive subgroup effects, and its findings
do not provide a basis for tailoring surgical approach ac-
cording to Lauren classification in clinical practice. This
pre-specified exploratory analysis was not intended to test
surgical superiority; it sought potential biological hetero-
geneity to inform future prospective investigations.

Statistical Thresholds and Software

All tests were two-sided, with a = 0.05 and p < 0.05 con-
sidered statistically significant. Analyses were performed
using SPSS version 26.0 (IBM Corp., Armonk, NY, USA)
and R version 4.3.1 (R Foundation for Statistical Comput-
ing, Vienna, Austria, Matchlt, rms, and shapviz packages).

Results
Baseline and Clinicopathological Characteristics

A total of 302 patients with pT4a gastric adenocarcinoma
who met the inclusion criteria were included in the final
analysis, with 149 patients in the open surgery group and
153 in the laparoscopic surgery group. Baseline and clin-
icopathological characteristics of the original cohort are
summarized in Table 1.

No significant differences were observed between the two
groups in age, sex, or BMI (all p > 0.05). Tumor-related
variables, including tumor location, gross type, histological
grade, Lauren classification, and maximum tumor diameter,
were also comparable between the two groups (all p > 0.05).
Regarding preoperative laboratory and inflammatory mark-
ers, no significant differences were observed in CEA,
CA19-9, hemoglobin, platelet count, monocyte level,
PL%R, or LMR (all p > 0.05). However, the laparoscopic
surgery group showed significantly lower neutrophil per-
centage and NLR compared with the open surgery group
(both p < 0.05). Serum albumin and lymphocyte percent-
age showed borderline differences (p =0.090 and p =0.051,
respectively).

After 1:1 nearest-neighbor propensity score matching, 124
patients were included in each group (total n = 248). The
matched cohort included 12 baseline covariates (age, sex,
BMI, CEA, CA19-9, tumor size, hemoglobin, albumin,
NLR, tumor location, histological grade, and Lauren clas-
sification), with a caliper width of 0.05 SD of the logit-
transformed propensity score and restriction to the common
support region.

In the matched cohort (Table 2), all demographic, clinico-
pathological, nutritional, and inflammatory variables were
well-balanced between the two groups (all p > 0.05). All
SMDs were <0.1, confirming excellent covariate balance
and effective control of selection bias (Fig. 1A,B). These
results support the validity of subsequent comparative and
subgroup analyses.
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Screening of Independent Risk Factors for Prolonged
Postoperative Hospital Stay (Baseline Analysis for
Prediction Model Development)

This section describes the primary confirmatory analysis
designed to identify independent predictors of prolonged
postoperative hospital stay among patients with pT4a gas-
tric cancer, which served as variable inputs for the develop-
ment of the risk prediction model. Postoperative hospital
stay represents a composite endpoint reflecting periopera-
tive recovery quality, and correlates closely with postopera-
tive complication risk, nosocomial infection, healthcare re-
source consumption and patient-related economic burden.
Using the propensity score—matched cohort, patients were
dichotomized into the prolonged-stay group (= cohort me-
dian postoperative hospital stay) and non-prolonged-stay
group (< cohort median). Univariable and multivariable bi-
nary logistic regression analyses were performed to screen
for independent risk factors for model selection.

Univariable regression results are presented in Table 3.
Variables with p < 0.10 were entered into the multivariable
model, including surgical approach, histological differenti-
ation, N stage, intraoperative blood loss, and NLR. Univari-
able analysis showed that laparoscopic surgery, lower histo-
logical differentiation, and earlier N stage were associated
with a reduced risk of prolonged hospitalization, whereas
increased intraoperative blood loss and elevated NLR were
associated with increased risk. Other variables, including
sex, tumor location, gross tumor type, Lauren classifica-
tion, age, BMI, preoperative CEA, CA19-9, operative time,
maximum tumor diameter, hemoglobin, and albumin, were
not significantly associated with prolonged hospitalization
(all p > 0.10).

After adjustment for confounders, multivariable binary lo-
gistic regression analysis (Enter method) identified laparo-
scopic surgery as an independent protective factor against
prolonged postoperative hospitalization (Table 4). Com-
pared with open surgery, laparoscopic surgery was asso-
ciated with a lower risk of prolonged hospitalization (OR
=0.47, 95% CI 0.27-0.82, p = 0.008). Histological dif-
ferentiation was also independently associated with hospi-
talization duration: compared with low-to-moderate differ-
entiation, poor differentiation (OR = 0.51, 95% CI 0.27—
0.95, p = 0.035) and moderate-to-high differentiation (OR
=0.23, 95% CI 0.07-0.73, p = 0.012) were protective fac-
tors. Regarding N stage, compared with NO stage, N1 (OR
=0.41, 95% CI1 0.17-0.99, p = 0.049) and N3a stages (OR
=10.22, 95% CI 0.09-0.54, p < 0.001) were associated with
a lower risk of prolonged hospitalization. Increased intra-
operative blood loss remained an independent risk factor
(OR = 1.01, 95% CI 1.01-1.01, p = 0.026). NLR did not
retain statistical significance after multivariable adjustment
(» = 0.149). Independent predictors identified after multi-
variable adjustment, such as surgical approach, histologi-
cal differentiation, N-stage, and intraoperative blood loss,
together with NLR, which showed strong associations in
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Table 1. Baseline and clinicopathological characteristics of the original cohort.

Variable Open surgery group (n = 149) Laparoscopic surgery group (n = 153)  Statistic )4 SMD
Age (years), median (Q;, Q3) 62.00 (55.00, 69.00) 64.00 (57.00, 68.00) =-0.561 0.575 0.056
BMI (kg/m?), median (Q;, Q3) 22.84 (20.57,24.93) 22.49 (20.20, 25.10) Z=-0.243 0.808 0.005
CEA, median (Qy, Q3) 2.16 (1.42,4.35) 1.95 (1.45, 3.44) =-0.947 0.344 -0.093
CA19-9, median (Q;, Q3) 7.63 (4.22,22.10) 7.80 (4.37, 19.90) Z=-0237 0813 -0.259
Tumor maximum diameter, median (Q;, Q3) 6.00 (4.00, 7.00) 5.00 (4.00, 7.00) Z=-1498 0.134 -0.176
Hemoglobin, median (Q;, Q3) 109.00 (95.00, 122.00) 109.00 (92.00, 125.00) Z=-0.183 0.855 0.076
Albumin, median (Qq, Q3) 28.75 (25.40,31.77) 29.21 (26.80, 31.90) Z=-1.693 0.090 0.086
Neutrophils, median (Q;, Q3) 81.70 (76.10, 88.10) 81.40 (73.42, 85.20) =-2.093 0.036 —0.223
Lymphocytes, median (Q;, Q3) 9.50 (6.00, 13.40) 10.20 (7.20, 14.40) Z=-1951 0.051 0.187
Platelets, median (Q;, Q3) 179.00 (146.00, 230.00) 183.00 (141.00, 233.00) Z=-0.010 0.992 0.052
Monocytes, median (Q;, Q3) 6.70 (5.00, 9.00) 6.90 (5.20, 8.60) Z=-0385 0.700 0.078
NLR, median (Q;, Q3) 8.50 (5.74, 14.32) 7.75 (5.17, 11.49) Z=-1984 0.047 -0.224
PL%R, median (Q;, Q3) 19.56 (11.97, 32.62) 15.82 (11.94, 25.78) Z=-1.753 0.080 —0.061
LMR, median (Q1, Q3) 1.48 (0.91, 2.06) 1.58 (1.07,2.21) Z=-1.646 0.100 0.154
Sex, n (%) 72 =0205 0.651
Male 120 (80.54) 120 (78.43) —0.051
Female 29 (19.46) 33 (21.57) 0.051
Tumor location, 7 (%) 22 =3.807 0.433
Cardia 54 (36.24) 44 (28.76) —0.165
Fundus 3(2.01) 5(3.27) 0.071
Antrum 15 (10.07) 13 (8.50) —0.056
Angulus 5(3.36) 10 (6.54) 0.129
Body 72 (48.32) 81 (52.94) 0.093
Gross type, 1 (%) 72 =0.545 0.460
Ulcerative 124 (83.22) 132 (86.27) 0.089
Protuberant 25 (16.78) 21 (13.73) —0.089
Histological grade, n (%) 22 =3313 0507
Moderately-poorly differentiated 53 (35.57) 50 (32.68) —0.062
Poorly differentiated 70 (46.98) 69 (45.10) —0.038
Well differentiated 4(2.68) 2 (1.31) —0.121
Moderately-well differentiated 13 (8.72) 15 (9.80) 0.036
Moderately differentiated 9 (6.04) 17 (11.11) 0.161
Lauren classification, n (%) 72 =1815 0404
Intestinal type 10 (6.71) 17 (11.11) 0.14
Mixed type 96 (64.43) 95 (62.09) —0.048
Diffuse type 43 (28.86) 41 (26.80) —0.047

Abbreviations: BMI, body mass index; CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; LMR, lymphocyte-to-monocyte ratio;

NLR, neutrophil-to-lymphocyte ratio; PL%R, platelet-to-lymphocyte percentage ratio; SMD, standardized mean difference.

univariable analysis, constituted the candidate variable set
for the subsequent prediction model development.

Development and Performance Evaluation of the
Prediction Model for Prolonged Postoperative Hospital
Stay (Key Study Findings)

An individualized risk prediction model for prolonged post-
operative hospital stay was developed using independent
predictors to support clinical risk stratification. Model per-
formance was comprehensively evaluated across four di-
mensions: discrimination, interpretability, calibration, and
clinical utility.

The discriminative ability was assessed using ROC analy-
sis (Fig. 2A). The model achieved an AUC of 0.73 (95%

CI 0.67-0.79), which indicates moderate predictive perfor-
mance for identifying patients at high risk of prolonged hos-
pitalization after pT4a gastric cancer surgery.

SHAP analysis was performed to quantify the contribution
of individual variables to model prediction (Fig. 2B). The
ranking of feature importance was as follows: N stage >
surgical approach > histological differentiation > intraoper-
ative blood loss > NLR. N stage showed the highest mean
absolute SHAP value, representing the strongest contrib-
utor to model prediction, followed by surgical approach,
which independently influenced postoperative hospitaliza-
tion duration.
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Table 2. Comparison of baseline clinicopathological and tumor characteristics in the propensity score-matched cohort.

Variable Open surgery group (n = 124) Laparoscopic surgery group (n = 124)  Statistic )4 SMD
Age (years), median (Q;, Q3) 62.00 (54.00, 69.00) 64.00 (57.00, 68.00) =-0.234 0.815 0.043
BMI (kg/m?), median (Q;, Q3) 22.85(20.75, 24.98) 22.59 (20.28, 25.39) Z=-0.189 0.850 0.005
CEA, median (Qy, Q3) 2.00 (1.36, 3.96) 1.94 (1.45, 3.36) =-0.260 0.795 -0.036
CA19-9, median (Q;, Q3) 7.96 (4.36, 20.08) 8.23 (4.40, 20.82) Z=-0401 0.688 —0.044
Tumor maximum diameter, median (Q;, Q3) 5.50 (4.00, 7.00) 5.00 (4.00, 7.00) Z=-0361 0.718 -0.022
Hemoglobin, median (Q;, Q3) 109.00 (95.00, 123.00) 109.00 (92.00, 122.75) Z=-0.019 0985 0.01
Albumin, median (Qq, Q3) 28.85 (25.65, 31.70) 29.10 (26.60, 31.95) Z=-1.133 0.257 0.048
Neutrophils, median (Q;, Q3) 80.50 (75.45, 86.85) 81.45 (74.05, 85.20) =-1.045 0.296 —0.095
Lymphocytes, median (Q;, Q3) 9.95 (6.12, 13.55) 10.10 (7.20, 14.10) Z=-1.136 0256 0.093
Platelets, median (Q;, Q3) 180.50 (146.00, 237.75) 183.50 (140.50, 233.00) Z=-0.137 0.891 —0.060
Monocytes, median (Q;, Q3) 6.80 (5.20, 9.20) 7.00 (5.20, 8.75) Z=-0.034 0973 -0.054
NLR, median (Q;, Q3) 8.19 (5.71, 13.91) 7.99 (5.19, 11.49) Z=-1.104 0270 -0.092
PL&R, median (Q;, Q3) 18.52 (10.67, 30.47) 16.61 (11.87, 25.68) Z=-1.036 0.300 -0.094
LMR, median (Q1, Q3) 1.51 (0.93, 2.08) 1.56 (1.06, 2.20) Z=-1.137 0256 0.079
Sex, n (%) 72 =0205 0.651
Male 97 (78.23) 94 (75.81) —0.056
Female 27 (21.77) 30 (24.19) 0.056
Tumor location, n (%) — 0.989
Cardia 39 (31.45) 41 (33.006) 0.034
Fundus 3(2.42) 3(242) 0
Antrum 14 (11.29) 12 (9.68) —0.055
Angulus 4(3.23) 5(4.03) 0.041
Body 64 (51.61) 63 (50.81) —-0.016
Gross type, 1 (%) 72 =0574 0449
Ulcerative 110 (88.71) 106 (85.48) —0.092
Protuberant 14 (11.29) 18 (14.52) 0.092
Histological grade, 1 (%) 22 =0.080 0.999
Moderately-poorly differentiated 42 (33.87) 44 (35.48) 0.034
Poorly differentiated 61 (49.19) 59 (47.58) —0.032
Well differentiated 2 (1.61) 2 (1.61) 0
Moderately-well differentiated 10 (8.06) 10 (8.06) 0
Moderately differentiated 9 (7.26) 9 (7.26) 0
Lauren classification, n (%) 72 =0.065 0.968
Intestinal type 9(7.26) 8 (6.45) —0.033
Mixed type 79 (63.71) 80 (64.52) 0.017
Diffuse type 36 (29.03) 36 (29.03) 0

Model calibration was assessed using calibration curve
analysis (Fig. 3A). Both the apparent calibration curve
and bias-corrected curve derived from 1000 bootstrap re-
samples closely aligned with the ideal diagonal reference
line, demonstrating strong concordance between model-
predicted probabilities and observed real-world outcomes,
with no substantial overfitting detected.

Clinical net benefit was evaluated using decision curve
analysis (Fig. 3B). Across a broad threshold probability
range of 0.1-0.7, the established prediction model yielded
superior net clinical benefit relative to two reference strate-
gies: universal intervention for all patients and no interven-
tion for all patients. This finding suggests that the model
may have potential clinical utility in perioperative risk strat-
ification.
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To facilitate individualized risk assessment, a nomogram
incorporating five identified predictors, namely the surgi-
cal approach, histological differentiation, N stage, intra-
operative blood loss, and NLR, was constructed (Fig. 4).
By summing the points assigned to each variable, clini-
cians can estimate the probability of prolonged postopera-
tive hospitalization for each individual. Because the model
incorporates postoperative pathological variables (histolog-
ical differentiation and N stage), it is intended for risk
stratification during the postoperative recovery period af-
ter routine pathological confirmation (approximately post-
operative days 3-5), rather than for preoperative surgical
decision-making.
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Fig. 1. Propensity score matching analysis. (A) Probability density plots of propensity scores before and after matching. (B) Stan-
dardized mean difference (SMD) plots of all covariates before and after matching.

Perioperative Clinical Outcomes and Postoperative was further evaluated. This auxiliary analysis was not in-
5 ati;olqg)l’cal Features (Supporting Interpretative tended as a standalone comparative effectiveness study be-
nalysis

tween surgical approaches. Comparisons were performed
In this section, the protective effect of laparoscopic surgery in the propensity score—matched cohort consisting of 248
identified during the screening of independent risk factors patients (Table 5).

1633  Ann. Ital. Chir, 97,9, 2026



Shensi Chen, et al.

Table 3. Univariate binary logistic regression for predictors of prolonged postoperative hospital stay.

Variables B S.E VA ¥4 OR (95% CI)
Surgical strategy
Open surgery — — — — 1.00 (Reference)
Laparoscopic surgery —-0.62 026 —240 0.016 0.54 (0.33-0.89)
Sex
Male — — — — 1.00 (Reference)
Female -0.48 031 -1.56 0.119 0.62 (0.34-1.13)
Tumor location
Cardia — — — — 1.00 (Reference)
Fundus 0.74 0.89 0.83 0.406 2.10(0.36-12.14)
Antrum 0.05 0.45 0.11 0.912 1.05 (0.43-2.55)
Angulus 0.27 0.71 0.39 0.699 1.31 (0.33-5.25)
Body 0.13 0.29 0.45 0.652 1.14 (0.65-1.99)
Gross tumor type
Ulcerative — — — — 1.00 (Reference)
Protuberant 0.38 0.38 0.99 0.324 1.46 (0.69-3.11)
Histological grade
Moderately-poorly differentiated — — — — 1.00 (Reference)
Poorly differentiated —-0.69 029 -239 0.017 0.50 (0.28-0.88)
Well differentiated —-1.62 1.18 —138 0.168 0.20 (0.02-1.98)
Moderately-well differentiated —-093 051 -1.83 0.068 0.40 (0.15-1.07)
Moderately differentiated —-0.52 052 —-1.00 0316 0.59 (0.21-1.65)
Lauren classification
Intestinal type — — — — 1.00 (Reference)
Mixed type 0.44 0.52 0.86 0.39 1.56 (0.57-4.30)
Diffuse type 0.41 0.55 0.75 0.45 1.51 (0.524.41)
N stage (TNM)
NO — — — — 1.00 (Reference)
N1 —-0.83 042 —197 0.049 0.44 (0.19-0.99)
N2 —-0.14 041 -034 0.735 0.87 (0.39-1.95)
N3a —-1.21 041 =295 0.003 0.30 (0.13-0.67)
N3b 0.08 0.5 0.16 0.87 1.09 (0.41-2.90)
Age 0.02 0.01 1.31 0.19 1.02 (0.99-1.04)
BMI 0.01 0.04 0.39 0.697 1.01 (0.94-1.09)
CEA 0.01 0.01 1.36 0.173 1.01 (1.00-1.03)
CA19-9 0 0 0.02 0.981 1.00 (1.00-1.00)
Operative duration -0.05 0.07 -0.67 0.503 0.95 (0.83-1.10)
Intraoperative blood loss 0.01 0 2.27 0.023 1.01 (1.01-1.01)
Maximum tumor diameter 0.07 0.05 1.36 0.175 1.07 (0.97-1.19)
Hemoglobin 0 0.01 0.39 0.698 1.00 (0.99-1.01)
Albumin —-0.02 002 -1.04 0299 0.98 (0.95-1.02)
NLR 0.05 0.02 2.49 0.013 1.05 (1.01-1.09)

Abbreviations: OR, odds ratio; CI, confidence

Metastasis.

Regarding perioperative safety and surgical trauma, laparo-
scopic surgery required a significantly longer operative
time than open surgery [4.00 (4.00, 4.15) h vs. 3.50 (3.00,
4.00) h, p < 0.001]. However, the laparoscopic surgery
group had significantly shorter incision length [6.00 (6.00,
8.00) cm vs. 16.00 (15.00, 17.00) cm, p <0.001] and lower
intraoperative blood loss [100.00 (100.00, 300.00) mL vs.
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interval; S.E, standard error; TNM, Tumor—Node—

200.00 (100.00, 200.00) mL, p = 0.013], demonstrating
clear advantages in terms of minimal invasiveness.

For postoperative recovery outcomes, the laparoscopic
surgery group showed earlier abdominal drainage tube re-
moval [9.00 (8.00, 11.00) d vs. 10.00 (9.00, 12.00) d, p
= 0.005], shorter postoperative hospital stay [10.00 (9.00,
13.00) d vs. 11.00 (10.00, 14.00) d, p = 0.008], and shorter
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Table 4. Multivariate binary logistic regression for independent predictors of prolonged postoperative hospital stay.

Variables B S.E Z ¥4 OR (95% CI)
Intercept 0.87 0.5 1.73 0.083 2.38 (0.89-6.36)
Surgical strategy
Open surgery — — — — 1.00 (Reference)
Laparoscopic surgery -0.76 029 -2.67 0.008 0.47 (0.27-0.82)
Histological grade
Moderately-poorly differentiated — — — — 1.00 (Reference)
Poorly differentiated -0.67 032 -=2.11 0.035 0.51 (0.27-0.95)
Well differentiated -2.11 125 —-1.68 0.093  0.12(0.01-1.42)
Moderately-well differentiated —-146 058 -=2.50 0.012 0.23 (0.07-0.73)
Moderately differentiated -0.36 058 —0.61 0.541 0.70 (0.22-2.19)
N stage (TNM)
NO — — — — 1.00 (Reference)
N1 -090 046 —197 0.049  0.41(0.17-0.99)
N2 -0.13 044 -030 0.766  0.88(0.37-2.08)
N3a -149 045 333 <0.001 0.22(0.09-0.54)
N3b -0.04 055 -0.07 0.945 0.96 (0.33-2.80)
Intraoperative blood loss 0.01 0 2.23 0.026 1.01 (1.01-1.01)
NLR 0.03 0.02 1.44 0.149 1.03 (0.99-1.07)
A B
1.0
N Stage
0.8
Surgical Approach
508
:‘% Histological Type
&
0.4
AUC (95%CI): 0.73 (0.67 - 0.79) Intraoperative Blood Loss
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NLR
0.0
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Fig. 2. Discriminative performance and feature importance of the prediction model for prolonged postoperative hospital stay.
(A) Receiver operating characteristic (ROC) curve evaluating model discrimination. (B) SHapley Additive exPlanations (SHAP) feature
importance plot. Mean absolute SHAP values quantify the average marginal contribution of each predictor to model outputs; variables
are sorted in descending order of predictive weight. Abbreviations: AUC, area under the ROC curve.

total hospital stay [17.00 (14.00, 20.00) d vs. 18.00 (16.00,
23.00) d, p = 0.015] compared with open surgery.

Regarding oncological radicality, no significant differences
were observed between groups in total retrieved lymph
nodes [22.00 (16.75, 30.00) vs. 23.00 (19.00, 29.25), p
= 0.287], metastatic lymph nodes [4.00 (1.00, 10.00) vs.
4.00 (1.00, 9.00), p = 1.000], or postoperative N stage dis-
tribution (p = 0.575). These findings suggest that laparo-
scopic surgery achieved comparable D2 lymphadenectomy
to open surgery in this cohort, with no significant differ-
ences observed in lymph node retrieval and pathological
N-stage outcomes between the two approaches.

Exploration of Subgroup Interaction Effects Stratified by
Lauren Subtypes (Exploratory Analysis)

This exploratory analysis was not one of the main outcomes
that the study was primarily designed or powered to assess,
and definitive clinical conclusions cannot be drawn from
these results. It preliminarily assessed potential effect mod-
ification by Lauren histotype and generated hypotheses for
future large-scale, precision-oriented investigations.

Further stratified analyses were performed within the
propensity score—matched cohort. First, overall periopera-
tive and pathological characteristics were compared among
the Lauren subtypes (Table 6). Kruskal-Wallis H tests
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Fig. 3. Calibration and clinical utility assessment of the prediction model for prolonged postoperative hospital stay. (A) Calibration
plot. Orange solid line = apparent calibration curve; blue dashed line = bias-corrected curve after 1000 bootstrap internal validations;
black dashed line = ideal perfect calibration diagonal. Closer alignment with the diagonal signifies better agreement between predicted
and observed event probabilities. (B) Decision curve analysis. X-axis = risk threshold probability; Y-axis = net clinical benefit. Blue
solid line = current prediction model; red solid line = strategy of intervening on all patients; green solid line = strategy of intervening on

no patients.

showed no significant differences among intestinal, mixed,
and diffuse subtypes in operative time, incision length, in-
traoperative blood loss, total hospital stay, time to abdomi-
nal drainage tube removal, postoperative hospital stay, total
retrieved lymph nodes, or metastatic lymph nodes (all p >
0.05). These findings indicated that, within this cohort, no
significant differences in perioperative recovery profiles or

1636 Ann. Ital. Chir, 97,9, 2026

baseline tumor burden were observed among the three Lau-
ren subtypes.

Subsequently, binary outcomes were defined according to
the overall cohort median values of each parameter, and la-
paroscopic versus open surgery outcomes were compared
within each Lauren subtype. Multiplicative interaction ef-
fects were further evaluated (Table 7).



Shensi Chen, et al.

_ 0 10 20 30 40 50 60 70 80 90 100
Points L L L L
Laparoscopic Open
Surgical Approach —
. . Moderately to well | Moderately
L |
Histological Type Well | Poorly |
N Stage ‘ L]
g N3a N1 N2
Intraoperative \ ! | ! ! ! |
Blood Loss 0 500 1000 1500 2000 2500 3000
NLR I I I I S I I B |
0 10 25 40 55
Ttht e v by b e by by by b by b by oy |
otal Foints 0 20 40 60 80 100 120 140 160 180 200
R' k L | | | |
1S 0.1 03 05 07 09

Fig. 4. Nomogram for predicting prolonged postoperative hospital stay in patients with pT4a gastric cancer. For each patient,
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of prolonged postoperative hospital stay.

Table 5. Comparison of perioperative clinical outcomes and postoperative pathological characteristics in the propensity
score—matched cohort.

Variable Total cohort (n = Open surgery Laparoscopic surgery Statistic P
248) group (n=124) group (n =124)
Perioperative clinical outcomes
Operative duration (h), median (Q;, Q3) 4.00 (3.20,4.00)  3.50 (3.00, 4.00) 4.00 (4.00, 4.15) Z=-6.50 <0.001
Incision length (cm), median (Qq, Q3) 10.00 (6.00, 16.00 (15.00, 6.00 (6.00, 8.00) Z=-12.10 <0.001
16.00) 17.00)
Intraoperative blood loss (mL), median (Q, Q3) 200.00 (100.00, 200.00 (100.00, 100.00 (100.00, Z=-248 0.013
200.00) 200.00) 300.00)
Total hospital stay (d), median (Q;, Q3) 18.00 (15.00, 18.00 (16.00, 17.00 (14.00,20.00) Z=-2.44 0.015
21.00) 23.00)
Time to abdominal drain removal (d), median (Q;, Q3) 10.00 (8.00, 10.00 (9.00, 9.00 (8.00, 11.00) Z=-281 0.005
11.00) 12.00)
Postoperative hospital stay (d), median (Q;, Q3) 11.00 (9.00, 11.00 (10.00, 10.00 (9.00, 13.00) Z=-2.64 0.008
13.00) 14.00)
Postoperative pathological characteristics
Total number of harvested lymph nodes, median (Q;, Q3) 23.00 (18.00, 23.00 (19.00, 22.00 (16.75,30.00)0 Z=-1.06 0.287
30.00) 29.25)
Number of metastatic lymph nodes, median (Q1, Q3) 4.00(1.00, 10.00)  4.00 (1.00, 9.00) 4.00 (1.00, 10.00) Z=10.00 1.000
N stage, n (%) 22=290 0575
NO 44 (17.74) 22 (17.74) 22 (17.74)
N1 53(21.37) 24 (19.35) 29 (23.39)
N2 58(23.39) 29(23.39) 29 (23.39)
N3a 64 (25.81) 37 (29.84) 27 (21.77)
N3b 29 (11.69) 12 (9.68) 17 (13.71)

For surgical trauma-related outcomes, the overall analysis
showed that laparoscopic surgery was associated with a sig-
nificantly increased risk of prolonged operative time com-
pared with open surgery (OR = 7.45, 95% CI 4.16-13.35,
p < 0.001), but significantly reduced risks of longer inci-
sion length and increased intraoperative blood loss (both p
< 0.001). Similar trends were observed across intestinal,
mixed, and diffuse subgroups, with no significant interac-

tion effects detected (operative time: pinteraction = 0-314; in-
cision length: pinteraction = 0.450; intraoperative blood loss:
Pinteraction = 0.108).  Given the limited subgroup sample
sizes, these analyses lacked sufficient statistical power to
determine whether Lauren classification modified the ef-
fects of surgical approach on surgical trauma-related out-
comes.
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Table 6. Subgroup comparison of clinical outcomes stratified by Lauren classification in the propensity score—-matched cohort.

Variable Total (n =248)  Intestinal type (n  Mixed type (n=  Diffuse type (n = Statistic P
=17) 159) 72)

Operative duration, median (Q;, Q3) 4.00 (3.20,4.00)  4.00 (3.50,4.00)  4.00 (3.50,4.00)  4.00 (3.00,4.00) x>=1.02%# 0.599

Incision length, median (Q;, Q3) 10.00 (6.00, 12.00 (8.00, 10.00 (6.00, 10.00 (6.00, 72 =024# 0.888
16.00) 15.00) 16.00) 16.00)

Intraoperative blood loss, median (Q;, Q3) 200.00 (100.00,  200.00 (100.00,  200.00 (100.00, 150.00 (100.00, x> =2.31# 0315
200.00) 200.00) 300.00) 200.00)

Total hospital stay, median (Q, Q3) 18.00 (15.00, 16.00 (15.00, 18.00 (15.00, 18.00 (15.00,  »2>=2.53# 0.283
21.00) 17.00) 21.00) 23.25)

Total harvested lymph nodes, median (Q;, 23.00 (18.00, 22.00 (17.00, 23.00 (17.50, 23.00 (18.00, x*>=0.26# 0.876

Q3) 30.00) 33.00) 30.00) 30.00)

Number of metastatic lymph nodes, median  4.00 (1.00, 10.00)  3.00 (0.00, 6.00)  4.00 (1.00,9.00) 4.50 (1.75,11.00) > =1.68% 0.431

(Q1,Q3)

Time to abdominal drain removal, median 10.00 (8.00, 9.00 (7.00, 10.00) 10.00 (8.50, 10.00 (8.00, 72 =349 0.175

(Q1,Q3) 11.00) 11.00) 13.00)

Postoperative hospital stay, median (Qp, Q3) 11.00 (9.00, 10.00 (9.00, 11.00 (9.00, 11.00 (9.00, 2 =130# 0522
13.00) 11.00) 13.00) 15.25)

Data are presented as median (Q1, Q3). #Kruskal-Wallis test was used for comparisons among three Lauren classification groups.

Regarding postoperative recovery and oncological out-
comes, laparoscopic surgery was associated with a lower
risk of prolonged postoperative hospitalization in the over-
all cohort (OR = 0.54, 95% CI 0.33-0.89, p = 0.016). Sub-
group analysis showed a more pronounced protective effect
in the intestinal subtype (OR = 0.07, 95% CI 0.01-0.88, p
=0.039), whereas the mixed and diffuse subgroups showed
similar effect directions without statistical significance. No
significant interaction was observed between Lauren clas-
sification and surgical approach (pinteraction = 0.151).

For oncological outcomes, no significant differences were
observed between laparoscopic and open surgery in the
overall cohort regarding total retrieved lymph nodes or
metastatic lymph nodes (both p > 0.05). Among the sub-
groups, only the mixed subtype showed a slightly lower
odds of achieving high total harvested lymph nodes in the
laparoscopic group (OR = 0.50, p = 0.032), whereas no sig-
nificant differences were found in other subgroups. Inter-
action tests were not statistically significant (all pinteraction >
0.05). Due to limited subgroup sizes, these findings indi-
cate only that no significant stratifying effect was detected
in this cohort and do not establish equivalent oncologi-
cal radicality between surgical approaches across different
Lauren subtypes.

It should be noted that interaction analyses generally require
substantially larger sample sizes than analyses of main ef-
fects, often up to four times larger, to detect effects of com-
parable magnitude. In this study, subgroup sample sizes
were limited, particularly in the intestinal subtype (n = 17),
resulting in insufficient statistical power to detect weak-to-
moderate effect modifications. Therefore, all subgroup and
interaction analyses should be treated as exploratory. The
absence of statistical significance does not exclude the pos-
sibility of a true effect modification, and the potential role
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of Lauren classification in modifying surgical outcomes re-
quires validation in larger multicenter studies.

Discussion

Postoperative length of hospital stay is an important in-
dicator of perioperative recovery quality and healthcare
resource utilization in gastrointestinal surgery, reflecting,
to some extent, surgical trauma, postoperative complica-
tions, and patient recovery status [16]. Previous studies
have demonstrated that postoperative complications rep-
resent the primary determinant of prolonged hospitaliza-
tion, and extended length of hospital stay (LOS) is asso-
ciated not only with an increased risk of in-hospital ad-
verse events but also with greater healthcare resource con-
sumption and financial burden on patients [17,18]. Anal-
yses were performed following a hierarchical primary-
secondary-exploratory design. The primary aim was to
identify independent predictors of prolonged postoperative
hospital stay and to develop and validate an individualized
risk stratification model. Comparisons of perioperative and
pathological outcomes between laparoscopic and open gas-
trectomy served as secondary supporting analyses to char-
acterize the clinical effect of surgical approach as a criti-
cal modifiable variable. Subgroup and interaction analy-
ses according to the Lauren classification were purely ex-
ploratory, aiming to detect potential effect-modifying sig-
nals and generate hypotheses for further research.

Multivariable logistic regression identified four indepen-
dent predictors of prolonged postoperative hospital stay,
namely the surgical approach, histological differentiation,
N-stage, and intraoperative blood loss. Among these, la-
paroscopic surgery emerged as an independent protective
factor, reducing the risk of prolonged hospitalization by
53% after adjustment for potential confounders. This find-
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Table 7. Subgroup analyses of dichotomized endpoints stratified by Lauren classification (laparoscopic vs. open surgery).

Endpoint and subgroup Total n (%) Open surgery Laparoscopic OR (95% CI) )4 Pinteraction
(events/total) surgery
(events/total)

Prolonged operative duration (= median) 0.314
Overall cohort 248 (100.0) 46/124 101/124 7.45 (4.16-13.35) <0.001
Lauren classification—stratified cohort

Intestinal type 17 (6.9) 3/9 7/8 14.00 (1.14-172.64) 0.039

Mixed type 159 (64.1) 30/79 69/80 10.25 (4.68-22.43)  <0.001

Diffuse type 72 (29.0) 13/36 25/36 4.02 (1.51-10.74) 0.006
Extended incision length (= median) 0.450
Overall cohort 248 (100.0) 114/124 26/124 0.02 (0.01-0.05) <0.001
Lauren classification—stratified cohort

Intestinal type 17 (6.9) 8/9 3/8 0.08 (0.01-0.94) 0.044

Mixed type 159 (64.1) 73/79 19/80 0.03 (0.01-0.07) <0.001

Diffuse type 72 (29.0) 33/36 4/36 0.01 (0.01-0.05) <0.001
Excessive intraoperative blood loss (= median) 0.108
Overall cohort 248 (100.0) 83/124 55/124 0.39 (0.24-0.66) <0.001
Lauren classification—stratified cohort

Intestinal type 17 (6.9) 8/9 2/8 0.04 (0.01-0.57) 0.018

Mixed type 159 (64.1) 53/79 41/80 0.52 (0.27-0.98) 0.043

Diffuse type 72 (29.0) 22/36 12/36 0.32 (0.12-0.83) 0.02
Prolonged postoperative hospital stay (= median) 0.151
Overall cohort 248 (100.0) 73/124 54/124 0.54 (0.33-0.89) 0.016
Lauren classification—stratified cohort

Intestinal type 17 (6.9) 6/9 1/8 0.07 (0.01-0.88) 0.039

Mixed type 159 (64.1) 45/79 38/80 0.68 (0.37-1.28) 0.233

Diffuse type 72 (29.0) 22/36 15/36 0.45 (0.18-1.17) 0.101
High total harvested lymph nodes (= median) 0.463
Overall cohort 248 (100.0) 74/124 59/124 0.61 (0.37-1.01) 0.057
Lauren classification—stratified cohort

Intestinal type 17 (6.9) 5/9 3/8 0.48 (0.07-3.35) 0.459

Mixed type 159 (64.1) 50/79 37/80 0.50 (0.26-0.94) 0.032

Diffuse type 72 (29.0) 19/36 19/36 1.00 (0.40-2.52) 1
High metastatic lymph node count (= median) 0.802
Overall cohort 248 (100.0) 67/124 67/124 1.00 (0.61-1.65) 1
Lauren classification—stratified cohort

Intestinal type 17 (6.9) 4/9 4/8 1.25(0.19-8.44) 0.819

Mixed type 159 (64.1) 44/79 42/80 0.88 (0.47-1.64) 0.686

Diffuse type 72 (29.0) 19/36 21/36 1.25 (0.49-3.18) 0.635

ing was highly consistent with the trend observed in uni-
variate analyses and suggests that the recovery advantages
of minimally invasive surgery exist independently of tu-
mor burden, baseline nutritional status, and inflammatory
conditions. The underlying mechanisms are likely related
to reduced abdominal wall trauma, attenuated systemic in-
flammatory stress, and better preservation of enteric au-
tonomic function [19,20]. Increased intraoperative blood
loss was the only independent risk factor identified. Exces-
sive blood loss may trigger systemic inflammatory response
syndrome and disrupt coagulation—fibrinolysis homeosta-
sis. Furthermore, some patients require perioperative blood
transfusion, which has been shown to prolong hospitaliza-

tion and impair postoperative immune function in patients
with gastric cancer. These findings highlight a key modifi-
able target for perioperative management: the routine appli-
cation of meticulous hemostatic techniques and advanced
energy devices, together with perioperative blood conser-
vation strategies in patients at high risk of bleeding, may
effectively reduce the occurrence of prolonged length of
hospital stay.

Compared with poorly-to-moderately differentiated tu-
mors, both poorly differentiated and moderately-to-well
differentiated tumors were associated with a lower risk of
prolonged hospitalization. Likewise, patients with N1 and
N3a disease exhibited a lower risk of prolonged length of
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stay than those with NO disease. These findings should not
be interpreted as indicating faster recovery among patients
with biologically more aggressive tumors. Rather, they are
more likely attributable to systematic differences in clinical
management. These unexpected findings may reflect resid-
ual confounding or unmeasured clinical factors and should
therefore be interpreted cautiously. Patients with lower tu-
mor burden may experience unexpected delays in recovery
due to unrecognized comorbidities or underestimation of
surgical complexity. This observation also reflects the un-
avoidable influence of unmeasured confounding inherent in
retrospective studies. Although the NLR was significant in
univariate analysis, its effect was attenuated after multivari-
able adjustment, suggesting that NLR may serve primarily
as a surrogate marker of surgical stress and baseline inflam-
matory status rather than an independent driver of delayed
postoperative recovery.

Based on these independent predictors, we established a
risk prediction model for prolonged length of hospital stay.
The risk prediction model developed in this study demon-
strated an AUC of 0.73 (95% CI: 0.67-0.79), indicating ac-
ceptable discriminative performance despite its relatively
limited number of predictors. Calibration plots and boot-
strap internal validation demonstrated good agreement be-
tween predicted and observed outcomes, with no evidence
of substantial overfitting. Decision curve analysis further
confirmed stable clinical net benefit across a broad thresh-
old probability range of 0.1-0.7. SHAP analysis identified
N stage and surgical approach as the two most influential
features, which represent the dimensions of tumor burden
and surgical technique, respectively. These findings are
highly consistent with clinical knowledge and further sup-
port the content validity of the model.

The principal potential value of our prediction model lies in
enabling risk stratification during the mid-to-late postopera-
tive period and serving as a baseline tool for future prospec-
tive interventional studies. Since postoperative patholog-
ical parameters are incorporated, the model applies only
after conventional paraffin-embedded pathological reports
become available, typically 3—5 days post-surgery. Indi-
vidual probabilities calculated from the nomogram could
theoretically stratify patients into high- and low-risk sub-
groups for prolonged hospitalization and inform tailored
rehabilitation strategies. For instance, high-risk patients
might be candidates for intensified interventions, includ-
ing optimized drain management, enhanced nutritional sup-
port, more frequent inflammatory biomarker monitoring,
and personalized discharge-follow-up protocols. Low-risk
patients could represent a target population for enhanced re-
covery after surgery (ERAS) pathway refinement. Never-
theless, these management strategies remain theoretical in-
ferences derived from risk stratification and have not been
validated in the existing evidence. Prospective randomized
controlled trials or stepped-wedge cluster-randomized trials
are required for further validation.
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Surgical approach acts as a key modifiable protective pre-
dictor within the model. Secondary comparative analy-
ses of perioperative and pathological outcomes corrobo-
rated the recovery-related benefits and oncological safety of
laparoscopic gastrectomy at the univariable level, provid-
ing clinical context for findings derived from multivariable
analyses. Following propensity score matching (PSM), the
laparoscopic surgery group exhibited significantly longer
operative times but shorter incision lengths and lower in-
traoperative blood loss than the open surgery group. These
findings are highly consistent with those reported in large-
scale trials such as CLASS-01 and KLASS-02 [7,8]. How-
ever, these findings should be interpreted with caution be-
cause previous trials mainly included broader locally ad-
vanced gastric cancer populations and different surgical
procedures, which may limit their direct applicability to
patients with pT4a disease undergoing total gastrectomy.
The longer operative duration is primarily attributable to
the technical complexity of laparoscopic lymphadenectomy
and gastrointestinal reconstruction and reflects the learn-
ing curve associated with minimally invasive surgery rather
than a compromise in safety. In contrast, the reduction in
intraoperative blood loss directly results from the magni-
fied high-definition operative view, which facilitates pre-
cise dissection and meticulous hemostasis. This mecha-
nism represents a key pathophysiological basis for the ac-
celerated postoperative recovery associated with laparo-
scopic surgery [21]. Regarding postoperative recovery,
the laparoscopic surgery group demonstrated significantly
shorter times to abdominal drain removal, postoperative
length of stay, and total hospitalization duration. These
findings align closely with the theoretical framework of
ERAS, and recovery was achieved with comparable onco-
logical outcomes, consistent with a previous PSM study of
locally advanced gastric cancer undergoing total gastrec-
tomy [22].

Oncological radicality remains the most controversial is-
sue concerning the application of laparoscopic surgery in
patients with pT4a gastric cancer [23]. In the present
study, no significant differences were observed between the
two groups in the total number of harvested lymph nodes,
the number of metastatic lymph nodes, or the distribution
of postoperative N stages. These findings suggest that,
within our cohort and when performed by experienced sur-
gical teams, laparoscopic surgery can achieve a D2 lym-
phadenectomy extent comparable to that of open surgery,
without compromising oncological radicality. This obser-
vation is consistent with the survival equivalence trend re-
ported in the pT4a subgroup of the 5-year follow-up analy-
sis of the CLASS-01 trial and with the lymph node retrieval
findings of the KLASS-02 study [7,24]. It should be noted
that the median number of harvested lymph nodes in our
study (22-23 nodes) was slightly lower than that reported
by some high-volume centers in East Asia. This discrep-
ancy may be attributable to differences in baseline patient
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characteristics, BMI distribution, and pathological speci-
men processing protocols. However, since these factors
would affect both patient groups similarly, they do not com-
promise the validity of the comparative conclusions regard-
ing the equivalence of lymphadenectomy extent between
the two surgical approaches.

Lauren classification is a fundamental pathological clas-
sification system that reflects the biological behavior and
growth patterns of gastric cancer, with distinct differences
in invasion patterns, metastatic pathways, and prognosis
among subtypes [11,12]. Testing for interaction between
Lauren classification and surgical approach was a pre-
specified exploratory analysis rather than a primary study
objective. Its outputs are hypothesis-generating for future
precision-focused investigations and cannot support defini-
tive clinical decision-making. No statistically significant
interaction was observed between surgical approach and
Lauren classification across outcomes related to surgical
trauma, postoperative recovery, and oncological radical-
ity. However, the absence of a statistically significant in-
teraction should not be interpreted as evidence that Lauren
classification has no true effect-modifying role. Interaction
analyses generally require substantially larger sample sizes
than main-effect analyses, often requiring more than four
times the sample size to detect effects of comparable mag-
nitude. The subgroup sample sizes in this study were lim-
ited, particularly in the intestinal-type subgroup, which in-
cluded only 17 patients. Consequently, the current study
was sufficiently powered only to detect very strong interac-
tion effects and cannot exclude the possibility of weak-to-
moderate effect modification.

Numerically, the direction of favorable effects of la-
paroscopy regarding trauma mitigation and accelerated re-
covery was consistent across all three Lauren subtypes.
Point-estimate magnitudes appeared more pronounced in
the intestinal-type subgroup and attenuated in the diffuse-
type subgroup, yet none of these inter-subgroup differences
reached statistical significance. Importantly, the absence
of a statistically significant interaction does not equate to
homogeneous treatment effects across subgroups. Con-
strained by sample size and statistical power, the present
study could only detect strong effect modification and can-
not rule out genuine weak-to-moderate subgroup dispar-
ities. This observed trend bears biological plausibility.
Intestinal-type gastric cancer typically forms glandular ar-
chitectures with relatively circumscribed expansive growth
and well-defined tumor borders. By contrast, diffuse-
type gastric cancer is characterized by infiltrative spread;
tumor cells permeate the gastric wall diffusely and fre-
quently elicit prominent desmoplastic responses that distort
anatomical planes [11]. Accordingly, anatomical dissection
and radical resection may be technically more demanding
during laparoscopic surgery for diffuse-type tumors. Nev-
ertheless, these subgroup observations remain exploratory.
Limited sample size precludes definitive clinical recom-

mendations, and these findings merely furnish hypotheses
to be tested in larger cohorts. Whether Lauren classification
can guide surgical selection for pT4a gastric cancer war-
rants well-designed prospective multicenter validation.

This study has several limitations. First, the retrospec-
tive single-center design is inherently susceptible to selec-
tion and information biases. Although propensity score
matching effectively balanced measured baseline con-
founders, residual confounding from unmeasured factors,
such as surgeon expertise, anesthesia management proto-
cols, institution-specific discharge criteria, postoperative
care pathways, and healthcare resource allocation practices,
cannot be completely excluded. Because postoperative hos-
pital stay may be influenced by variations in institutional
clinical management and discharge processes, the gener-
alizability of LOS-based outcomes across different health-
care settings should be interpreted with caution. Addition-
ally, because the prediction model was developed using a
propensity score—matched cohort, the distribution of surgi-
cal approaches and baseline characteristics may differ from
that of the broader pT4a gastric cancer population. There-
fore, further validation in independent external cohorts is
required before its wider clinical application. Second, sub-
group analyses by Lauren classification are exploratory and
hampered by limited sample size and low power for inter-
action testing. They serve exclusively to generate research
hypotheses rather than draw firm conclusions, and there-
fore, these analyses require further validation in large-scale
multicenter studies. Third, this study focused primarily
on short-term perioperative outcomes, and long-term on-
cological outcomes were unavailable. The long-term onco-
logical outcomes in pT4a gastric cancer patients receiving
laparoscopic surgery require further confirmation through
prospective studies. Fourth, the prediction model is appli-
cable only for postoperative risk stratification during hos-
pitalization, as it incorporates postoperative pathological
variables, and therefore cannot be used for preoperative sur-
gical decision-making. Because the model had only been
internally validated within a single institution, external vali-
dation in independent cohorts is required to confirm its gen-
eralizability. Fifth, only leukocyte differential percentages
(relative values), rather than absolute leukocyte counts,
were available in the original dataset. While NLR and LMR
remain valid as total white blood cell count cancels out in
their calculations, the conventional platelet-to-lymphocyte
ratio could not be determined. We therefore reported the
platelet-to-lymphocyte percentage ratio (PL%R), a related
but distinct inflammatory index whose cut-offs cannot be
directly applied to conventional PLR. Notably, PL%R has
been validated in limited studies, and its prognostic role in
pT4a gastric cancer warrants further validation in cohorts
with absolute leukocyte counts to enable direct comparison
with standard PLR.

In summary, we found that surgical approach, histological
differentiation, N-stage, and intraoperative blood loss rep-
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resent the independent predictors of prolonged postopera-
tive hospital stay after total gastrectomy for pT4a gastric
cancer. The derived risk prediction model demonstrated
satisfactory discriminative performance, good calibration,
and a net clinical benefit. In real-world clinical settings, it
enables in-hospital risk stratification and delivers quantita-
tive evidence to support individualized perioperative care,
as soon as postoperative pathological reports are available.
Secondary analyses indicated that laparoscopic D2 gastrec-
tomy performed by an experienced surgical team at our cen-
ter achieves comparable lymph-node dissection while pro-
viding the benefits of a minimally invasive approach and fa-
cilitating faster postoperative recovery, supporting its use as
a safe surgical alternative for patients with pT4a gastric can-
cer. Exploratory analyses revealed broadly consistent out-
come trends across Lauren subtypes. No statistically signif-
icant effect modification was identified, although true sub-
group differences cannot be excluded owing to the limited
sample size in this study. These observations require val-
idation in large-cohort, multicenter studies. Nonetheless,
the present findings offer practical insights for refining pe-
rioperative management of pT4a gastric cancer and inform
future precision-oriented research.

Conclusions

Following propensity score matching, this study identi-
fied surgical approach, histological differentiation, N-stage,
and intraoperative blood loss as independent predictors of
prolonged postoperative hospital stay among patients with
pT4a gastric adenocarcinoma. The constructed risk predic-
tion model demonstrates moderate discriminative perfor-
mance and favorable calibration. It facilitates risk strati-
fication as soon as pathological reports become available,
supporting tailored perioperative strategies including inten-
sified interventions for high-risk patients and enhanced re-
covery pathways for low-risk individuals. Meticulous in-
traoperative hemostasis is highlighted as a key modifiable
target for perioperative optimization. Secondary analyses
confirm that laparoscopy-assisted D2 gastrectomy achieves
lymph-node dissection outcomes comparable to those of
open surgery, alongside advantages of a minimally inva-
sive approach, including smaller incisions, reduced intra-
operative blood loss, earlier abdominal drain removal and
shorter hospitalization. These real-world perioperative out-
comes corroborate the independent protective effect of la-
paroscopy identified in the prediction model. Mechanis-
tically, laparoscopy reduces the risk of prolonged hospital
stay by mitigating surgical trauma and accelerating post-
operative recovery, reinforcing the clinical interpretability
of this core model variable. No statistically significant in-
teraction was detected between Lauren histotype and surgi-
cal modality. Directional treatment effects of laparoscopy
were consistent across subtypes. Nonetheless, lack of sta-
tistical heterogeneity does not establish uniform treatment
effects. The limited sample sizes within subgroups and low
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statistical power for interaction testing indicate that poten-
tial effect modification by Lauren classification cannot be
excluded. These exploratory findings should be considered
hypothesis-generating, and definitive subtype-specific con-
clusions will require validation in large-scale, multicenter
studies.
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