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Distant metastasis risk and
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Bengbu Medical University, Bengbu, China, 4Emergency & Critical Care Center, Jiangsu Province
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Jiangsu, China
Background: Gastric cancer imposes a heavy global health burden, and
treatment evaluation in elderly patients is often more complex. Although NAC
is standard for locally advanced gastric cancer (LAGC), bene�ts in the elderly are
heterogeneous, postoperative distant metastasis (DM) is underexplored, and no
nomogram speci�cally evaluates postoperative DM diagnosis and prognosis in
elderly LAGC after NAC.
Methods: This study extracted data from patients over 70 years of age who were
diagnosed with gastric adenocarcinoma and underwent neoadjuvant
chemotherapy followed by curative gastrectomy between 2016 and 2022.
Independent risk factors for postoperative distant metastasis following
neoadjuvant chemotherapy were identi�ed using univariate and multivariate
logistic regression analyses, while independent prognostic factors were
determined through univariate and multivariate Cox proportional hazards
regression analyses. Subsequently, we developed two novel nomograms and
evaluated their performance using receiver operating characteristic (ROC)
curves, calibration curves, and decision curve analysis (DCA).
Results: A total of 896 elderly gastric adenocarcinoma patients were enrolled,
among whom 307 (34.26%) developed postoperative DM. Independent risk
factors for DM included N stage, NAC-related adverse events, CA19– 9 levels,
NLR, tumor nodules, resection margin status, tumor regression grade, as well as
intraoperative and postoperative chemotherapy. Among DM patients,
independent prognostic predictors included CA72– 4 levels, NLR, NAC-to-
surgery interval, tumor regression grade, resection margin status, and
postoperative chemotherapy. Both nomograms demonstrated high predictive
accuracy, supported by ROC analysis, calibration curves, decision curve analysis,
and Kaplan-Meier survival analysis in the training and validation sets.
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Conclusions: The two nomograms show promise as effective tools for predicting
the risk of postoperative distant metastasis and estimating personalized
prognosis in elderly gastric cancer patients following neoadjuvant
chemotherapy, thereby potentially informing clinical decision-making.
KEYWORDS

gastric cancer, neoadjuvant chemotherapy, distant metastasis, elderly, nomogram,
cox regression, survival
1 Introduction

Gastric cancer (GC) remains a major global public health
burden, ranking as the �fth most commonly diagnosed
malignancy and the fourth leading cause of cancer-related
mortality worldwide. Approximately one million new cases are
diagnosed each year, resulting in more than 650,000 deaths (1).
With the accelerating trend of population aging, there has been a
continuous increase in the number of elderly gastric cancer patients
and their demand for diagnostic and therapeutic services.
Epidemiological studies indicate that the median age at diagnosis
of gastric cancer exceeds 70 years, and the aging population is
projected to be the primary driver of rising incidence and mortality
(2–4). Compared with younger patients, elderly patients more
frequently present with multimorbidity, frailty, and malnutrition,
resulting in a more complex risk-bene�t pro�le for both surgical
and systemic therapies. This underscores the urgent need for precise
strati�cation and individualized management.

Neoadjuvant chemotherapy (NAC) has become a cornerstone
perioperative strategy for locally advanced gastric cancer (LAGC),
demonstrating the potential to improve R0 resection rates, achieve
tumor downstaging, and confer survival bene�ts (5). Recent studies
also suggest that NAC can improve oncological outcomes and long-
term survival in elderly LAGC patients (6, 7). However, signi�cant
heterogeneity exists among elderly patients in terms of tolerance to
NAC and the actual survival bene�t derived from it. Previous
research has predominantly focused on overall survival (OS) or
pathological response as primary endpoints, with less systematic
characterization of the risk of postoperative distant metastasis (DM)
as a key outcome. In reality, DM is a critical event in gastric cancer
mortality. Once it occurs, patient OS is signi�cantly shortened,
treatment strategies often shift to palliative intent, and clinical
outcomes deteriorate rapidly. Epidemiological data indicate that
approximately one-third of gastric cancer patients present with
distant metastasis at initial diagnosis, with a dismal 5-year relative
survival rate of only about 7%–8% and a median overall survival
typically under one year (8). Common metastatic sites in gastric
cancer include the liver, peritoneum, lungs, bones, and distant
lymph nodes. Among patients with metastatic disease, liver
involvement is reported in approximately 43%–48% of cases,
peritoneal involvement in about 32%, pulmonary involvement in
02
about 15%, and bone involvement in about 12%. Prognosis varies
considerably depending on the metastatic site. Several recent studies
indicate that median overall survival for peritoneal metastasis is
typically only a few months to within a year, while median OS for
liver metastasis is often approximately 10–12 months, although
outcomes are signi�cantly in�uenced by treatment modalities and
metastatic burden (9–12). Therefore, identifying high-risk
subgroups for DM among elderly gastric cancer patients who
have undergone NAC and subsequent radical resection, and
implementing personalized follow-up and intervention strategies
at an early stage, represents a clear clinical necessity.

The nomogram has been widely adopted in recent years to
evaluate cancer prognosis due to its convenience and precision,
making it a suitable tool for our purpose (13). Accordingly, we
conducted a retrospective study enrolling a consecutive cohort of
elderly gastric cancer patients who underwent radical resection
following NAC. This study aimed to determine the incidence, risk
factors, and prognosis of postoperative distant metastasis in this
population, and to develop two nomograms: one to predict the risk
of postoperative DM, and another to predict OS among those who
developed DM after NAC and radical surgery.
2 Patients and methods

2.1 Patients

The data for this study were derived from patients with locally
advanced gastric cancer who underwent neoadjuvant
chemotherapy followed by radical gastrectomy at Jiangsu
Provincial Hospital of Traditional Chinese Medicine between
October 2016 and December 2022. The study protocol was
approved by the Institutional Review Board of Jiangsu Provincial
Hospital of Traditional Chinese Medicine, af�liated with Nanjing
University of Chinese Medicine (Approval No. 2022NL-137-01).
All procedures were conducted in accordance with the ethical
standards of the institutional research committee and with the
Helsinki Declaration. Inclusion criteria were: (1) age �70 years; (2)
preoperative pathological con�rmation of primary gastric
adenocarcinoma; (3) clinical stage cT1-2N1-3M0 or cT3-4N0-
3M0; (4) receipt of NAC followed by radical gastrectomy; and (5)
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availability of complete clinicopathological data. Exclusion criteria
were: (1) unsuitability for radical resection; (2) history of other
malignant tumors; (3) preoperative radiotherapy; (4) any
neoadjuvant treatment other than chemotherapy; (5) incomplete
clinicopathological data; (6) metastasis or death within 6 months
after surgery; or (7) loss to follow-up. Based on these criteria, a �nal
cohort of 896 elderly LAGC patients was enrolled, among whom
307 developed distant metastasis (DM). The entire cohort served as
the diagnostic cohort for identifying risk factors for DM and
developing a predictive nomogram. The 307 patients who
developed DM constituted the prognostic cohort, which was used
to investigate prognostic factors and construct a prognostic
nomogram for this subgroup. In both cohorts, patients were
randomly allocated to a training set (70%) and a validation set
(30%) at a 7:3 ratio. For each cohort, the nomogram was developed
using the training set and subsequently validated using the
validation set.
2.2 Data collection

In this study, the following variables were selected to identify
risk factors for distant metastasis in elderly patients with locally
advanced gastric adenocarcinoma who underwent radical
gastrectomy after neoadjuvant chemotherapy: (1) Demographics
and Comorbidities: Age, sex, marital status, body mass index (BMI,
kg/m�); comorbidities included diabetes mellitus, cerebral
infarction, coronary heart disease, and hypertension.

(2) Neoadjuvant Treatment and Toxicity: NAC regimen, cycle
number, grade �3 adverse events (per CTCAE criteria), and the
interval from NAC completion to surgery; (3) Surgery and
Perioperative Details: Surgical extent, operative approach,
intraoperative blood loss (mL), operative duration (minutes), and
whether intraoperative chemotherapy was administered. (4)
Postoperative Complications: Complications were graded according
to the Clavien-Dindo classi�cation, with a grade �II de�ned as a
positive event (a sensitivity analysis using grade �III was also
planned). (5) Preoperative Laboratory and Tumor Markers:
Hemoglobin (g/L), white blood cell count, absolute neutrophil
count, lymphocyte count, platelet count (all ×109/L), and albumin
(g/L); carcinoembryonic antigen (CEA), CA19-9, CA125, and CA72-
4. The following ratios were calculated from the same blood test:
neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio
(PLR), and systemic immune-in�ammation index (SII = platelets ×
neutrophils/lymphocytes). (6) Postoperative Pathology and Staging:
presence of signet-ring cell component, differentiation grade, Lauren
classi�cation, resection margin status, pathological T and N stage
(AJCC 8th edition), and presence of vascular invasion and perineural
invasion. Pathological response to NAC was assessed using the tumor
regression grade (TRG) system (14): Grade 0 (complete regression),
Grade 1 (signi�cant regression), Grade 2 (partial regression), Grade 3
(no evident regression). TRG 0–2 was de�ned as NAC bene�t, and
TRG 3 as no bene�t. (7) Adjuvant Treatment: Receipt of
postoperative chemotherapy and the number of cycles
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administered. (8) Outcomes and Follow-up: The primary outcome
was the occurrence and time to the �rst DM after surgery. The site of
the �rst DM (liver, lung, bone, brain, peritoneum, abdominal lymph
nodes, cervical lymph nodes, other) was recorded. The secondary
outcome was OS, calculated from the date of surgery. Follow-up was
conducted via outpatient visits or telephone interviews until
June 2025.
2.3 Statistical analysis

All statistical analyses in this study were performed using SPSS
(version 24.0) and R software (version 4.3.2). A two-sided P-value
of less than 0.05 was considered statistically signi�cant. The entire
patient cohort was randomly split into a training set and a
validation set in a 7:3 ratio. Categorical variables were compared
between the two sets using the Chi-square test or Fisher’s exact test,
as appropriate. Continuous variables were assessed for normality
and homogeneity of variance; accordingly, the Student’s t-test or the
Mann-Whitney U test was applied for group comparisons. Prior to
model construction, restricted cubic splines (RCS) were used to
evaluate the functional form of continuous predictors. For logistic
regression, predictors were assessed against the log-odds, and for
Cox regression, against the log-hazard. In exploratory analyses, RCS
were �tted with three knots placed at recommended percentiles
(10th, 50th, and 90th). When the relationship appeared
approximately linear, the variable was entered into the �nal
model as a linear term. If evident non-linearity was observed, and
a reliable threshold was identi�ed in the training cohort using X-
tile, the variable was categorized accordingly. For the diagnostic
cohort, univariate logistic regression analyses were �rst performed
to identify variables associated with DM. Variables with a P-value <
0.05 in the univariate analysis were subsequently included in a
multivariate logistic regression model to identify independent risk
factors. Based on these independent factors, a diagnostic nomogram
was constructed using the rms package in R. The model’s
discriminatory ability was evaluated using Receiver Operating
Characteristic (ROC) curves and the corresponding Area Under
the Curve (AUC). Calibration curves and Decision Curve Analysis
(DCA) were used to assess calibration and clinical utility,
respectively. For the prognostic cohort (patients who developed
DM), univariate Cox regression analyses were conducted to identify
factors associated with OS. Signi�cant variables (P < 0.05) were then
entered into a multivariate Cox proportional hazards regression
analysis using the “Forward LR” method to determine independent
prognostic factors. A prognostic nomogram was developed based
on these factors. Time-dependent ROC curves at 24, 36, and 60
months and time-dependent AUC values were generated to
evaluate discriminatory ability over time. Calibration and DCA
were also performed at these time points. Based on the median risk
score derived from the nomogram, patients were categorized into
high- and low-risk groups. Kaplan-Meier survival curves were
plotted, and the log-rank test was used to compare OS between
the groups. The overall study work�ow is summarized in Figure 1.
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3 Results

3.1 Baseline characteristics of the study
population

A total of 896 elderly patients with locally advanced gastric
adenocarcinoma were enrolled in the study and randomly assigned to
a training set (n = 627) and a validation set (n = 269). The mean age was
75.2 – 4.31 years in the training set and 75.1 – 4.51 years in the
Frontiers in Oncology 04
validation set. As shown in Table 1, the distribution of tumor stages was
comparable between the two sets. The T3 stage was the most prevalent
(46.9% in the training set and 42.8% in the validation set), and the N0
nodal stage was predominant (33.5% and 37.2%, respectively).
Regarding neoadjuvant chemotherapy, the SOX regimen was the
most frequently used (44.3% in the training set vs. 40.1% in the
validation set). The mean number of NAC cycles was approximately
3 in both groups, and the incidence of any grade �3 chemotherapy-
related adverse event was approximately 20%–23%. Open surgery was
FIGURE 1

Study �owchart and model construction for elderly patients with LAGC.
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TABLE 1 Baseline clinical characteristics of elderly patients with locally advanced gastric cancer.

Variable Training (N = 627) Validation (N = 269) c�/Z P

Sex 1.075 0.300

Male 470 (75.0%) 192 (71.4%)

Female 157 (25.0%) 77 (28.6%)

Age, years 75.2 (4.31) 75.1 (4.51) 0.308 0.758

T stage 3.155 0.532

T1 96 (15.3%) 50 (18.6%)

T2 93 (14.8%) 42 (15.6%)

T3 294 (46.9%) 115 (42.8%)

T4 144 (23.0%) 62 (23.0%)

N stage 2.959 0.398

N0 210 (33.5%) 100 (37.2%)

N1 105 (16.7%) 39 (14.5%)

N2 150 (23.9%) 71 (26.4%)

N3 162 (25.8%) 59 (21.9%)

Tumor location 3.421 0.490

Antrum 216 (34.4%) 106 (39.4%)

Cardia 228 (36.4%) 99 (36.8%)

Corpus 149 (23.8%) 51 (19.0%)

Fundus 17 (2.7%) 6 (2.2%)

Pylorus 17 (2.7%) 7 (2.6%)

NAC regimen 3.376 0.642

FLOT 74 (11.8%) 30 (11.2%)

FOLFOX 45 (7.2%) 26 (9.7%)

Oral 77 (12.3%) 32 (11.9%)

SOX 278 (44.3%) 108 (40.1%)

XELOX 122 (19.5%) 61 (22.7%)

Other 31 (4.9%) 12 (4.5%)

NAC cycles, n 3.17 (0.754) 3.14 (0.756) 0.545 0.586

Diabetes 0.310 0.577

No 515 (82.1%) 216 (80.3%)

Yes 112 (17.9%) 53 (19.7%)

Stroke 0.001 0.974

No 522 (83.3%) 223 (82.9%)

Yes 105 (16.7%) 46 (17.1%)

CAD 1.074 0.300

No 562 (89.6%) 234 (87.0%)

Yes 65 (10.4%) 35 (13.0%)

Hypertension 0.697 0.404

(Continued)
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TABLE 1 Continued

Variable Training (N = 627) Validation (N = 269) c�/Z P

No 343 (54.7%) 156 (58.0%)

Yes 284 (45.3%) 113 (42.0%)

BMI, kg/m� 23.3 (3.40) 22.9 (3.34) 1.63 0.103

Marital status 0.481 0.923

Married 332 (53.0%) 140 (52.0%)

Single/Divorced 280 (44.6%) 124 (46.1%)

Unknown 15 (2.4%) 5 (1.9%)

NAC adverse events 0.668 0.414

No 484 (77.2%) 215 (79.9%)

Yes 143 (22.8%) 54 (20.1%)

CEA, ug/L 0.644 0.422

<5 445 (71.0%) 183 (68.0%)

�5 182 (29.0%) 86 (32.0%)

CA19-9, U/mL 1.963 0.161

<37 500 (79.7%) 226 (84.0%)

�37 127 (20.3%) 43 (16.0%)

CA125, U/mL 0.486 0.627

<35 449 (71.6%) 197 (73.2%)

�35 178 (28.4%) 72 (26.8%)

CA72-4, U/mL 1.183 0.237

<7 437 (69.7%) 183 (68.0%)

>7 190 (30.3%) 86 (32.0%)

Intraoperative chemotherapy 0.429 0.512

No 380 (60.6%) 170 (63.2%)

Yes 247 (39.4%) 99 (36.8%)

Hemoglobin, g/L 111 (23.0) 111 (23.3) 0.000 1.000

WBC, ×109/L 8.61 (3.12) 8.57 (3.20) 0.173 0.863

Neutrophils, ×109/L 4.82 (3.03) 4.81 (3.04) 0.045 0.964

Platelets, ×109/L 194 (70.3) 188 (70.4) 1.168 0.243

Albumin, g/L 36.6 (4.75) 36.7 (4.33) 0.308 0.758

Lymphocytes, ×109/L 2.12 (0.624) 2.11 (0.640) 0.216 0.829

PLR 94.0 (35.4) 91.2 (34.6) 1.101 0.271

NLR 2.17 (0.748) 2.18 (0.732) 0.187 0.852

SII 425 (234) 413 (222) 0.729 0.466

Interval to surgery, days 43.6 (8.08) 43.7 (7.91) 0.964 0.669

Surgical approach 0.173 0.863

Laparoscopic 105 (16.7%) 35 (13.0%)

Open 522 (83.3%) 234 (87.0%)

(Continued)
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TABLE 1 Continued

Variable Training (N = 627) Validation (N = 269) c�/Z P

Gastrectomy extent 1.374 0.503

Proximal 147 (23.4%) 61 (22.7%)

Total 242 (38.6%) 95 (35.3%)

Distal 238 (38.0%) 113 (42.0%)

Blood loss, mL 179 (142) 177 (104) 0.235 0.814

Operative time, min 151 (42.4) 147 (43.2) 1.276 0.202

Postoperative complications 1.904 0.168

No 431 (68.7%) 198 (73.6%)

Yes 196 (31.3%) 71 (26.4%)

Vascular tumor thrombus 0.191 0.662

No 331 (52.8%) 147 (54.6%)

Yes 296 (47.2%) 122 (45.4%)

Perineural invasion 0.252 0.616

No 358 (57.1%) 148 (55.0%)

Yes 269 (42.9%) 121 (45.0%)

Tumor nodules 0.011 0.915

No 528 (84.2%) 228 (84.8%)

Yes 99 (15.8%) 41 (15.2%)

Lauren 0.222 0.147

Unknown 175 (27.9%) 63 (23.4%)

Mixed 189 (30.1%) 98 (36.4%)

Diffuse 150 (23.9%) 69 (25.7%)

Intestinal 113 (18.0%) 39 (14.5%)

Signet-ring cell component

No 517 (82.5%) 226 (84.0%)

Yes 110 (17.5%) 43 (16.0%)

TRG 5.646 0.130

0 170 (27.1%) 73 (27.1%)

1 241 (38.4%) 95 (35.3%)

2 151 (24.1%) 82 (30.5%)

3 65 (10.4%) 19 (7.1%)

Histologic grade 0.121 0.728

Undifferentiated/Poor 387 (61.7%) 162 (60.2%)

Well/Moderate 240 (38.3%) 107 (39.8%)

Adjuvant chemotherapy 2.086 0.149

No 294 (46.9%) 141 (52.4%)

Yes 333 (53.1%) 128 (47.6%)

R status 2.341 0.310

(Continued)
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the primary operative approach (83.3% vs. 87.0%), with R0 resection
rates of 88.0% in the training set and 91.1% in the validation set. The
incidence of postoperative complications was 31.3% and 26.4% in the
training and validation sets, respectively. Pathological examination
revealed that poorly differentiated/undifferentiated tumors accounted
for approximately 60% of cases, while a signet-ring cell component was
observed in about 16%–18%. The distribution of tumor regression grade
was similar between the two sets. Overall, the baseline characteristics
were well-balanced between the training and validation sets. No
statistically signi�cant differences were observed in any of the
compared variables (p > 0.05, Chi-square or Fisher’s exact test), as
detailed in Table 1. The linearity assumption of continuous variables
with the logit of the outcome was tested using restricted cubic splines
(RCS) (see Supplementary Table S1). The results indicated that apart
from the Neutrophil-to-Lymphocyte Ratio (NLR), all other continuous
variables approximately met the linearity assumption and were
therefore included as linear terms in the model. NLR demonstrated a
signi�cant nonlinear relationship. The optimal cutoff value for NLR,
determined using X-tile software, was 2.2, and it was subsequently
categorized accordingly for analysis.
3.2 Incidence and risk factors of
postoperative distant metastasis

A total of 307 patients (34.26%) were con�rmed to have developed
distant metastasis, while 589 patients (65.74%) did not. Univariate
logistic regression analysis was performed on 43 potential variables.
Variables showing signi�cant association (p < 0.05) were subsequently
included in a multivariate logistic regression model (Results presented
in Table 2; non-signi�cant univariate results are listed in
Supplementary Table S2). The multivariate logistic regression
analysis identi�ed the following as independent risk factors for
postoperative DM in elderly patients with locally advanced gastric
adenocarcinoma: a higher N stage, the occurrence of any NAC-related
adverse event, elevated levels of CA19-9, an elevated neutrophil-to-
lymphocyte ratio (NLR), the presence of tumor nodules, positive
resection margins (R1), and a higher tumor regression grade (1/2/3
compared to 0). Conversely, intraoperative chemotherapy and
postoperative adjuvant chemotherapy were identi�ed as independent
protective factors (Table 2).
3.3 Diagnostic nomogram development
and validation

Based on the nine independent predictors identi�ed, a
diagnostic nomogram was constructed to predict the risk of
Frontiers in Oncology 08
postoperative distant metastasis in elderly patients with locally
advanced gastric adenocarcinoma following neoadjuvant
chemotherapy (Figure 2A). The incorporated variables included
N stage, occurrence of NAC-related adverse events, CA19–9 level,
neutrophil-to-lymphocyte ratio, presence of tumor nodules, tumor
regression grade, resection margin status, intraoperative
chemotherapy, and postoperative adjuvant chemotherapy. The
nomogram demonstrated strong discriminatory power, with area
under the curve values of 0.847 in the training set and 0.897 in the
validation set, as evidenced by the ROC curves (Figures 2B, E). For
comparative purposes, ROC curves for each individual predictor
were also generated (Figures 3A, B). The predictive model exhibited
superior performance in distinguishing patients with and without
DM compared to any single predictor in both cohorts. Furthermore,
the calibration curves showed excellent agreement between the
nomogram-predicted probabilities and the actual observed
outcomes in both the training and validation sets (Figures 2C, F).
Additionally, DCA revealed that the nomogram provides positive
net clinical bene�t across a reasonable range of risk thresholds,
suggesting its potential value for clinical application as a precise tool
for DM risk assessment (Figures 2D, G).
3.4 Prognostic factors in patients with
postoperative distant metastasis

Among the 307 enrolled elderly patients with locally advanced
gastric adenocarcinoma who developed postoperative distant
metastasis, a 7:3 random allocation was performed to create a
training set and a validation set. No statistically signi�cant
differences in baseline characteristics were observed between the
two sets (Supplementary Table 3). Linearity testing con�rmed that
all continuous variables satis�ed the linearity assumption for
inclusion in the Cox regression model (Supplementary Table 4).
Univariate and multivariate Cox regression analyses were
conducted in the prognostic cohort, with complete results shown
in Supplementary Table 5. The multivariate model identi�ed the
following as independent predictors of poorer overall survival:
elevated CA72–4 level (HR = 1.024, 95% CI: 1.010–1.030, P <
0.001), elevated neutrophil-to-lymphocyte ratio (NLR) (HR = 1.634,
95% CI: 1.170–1.690, P < 0.001), prolonged interval between the last
NAC cycle and surgery (HR = 1.042, 95% CI: 1.010–1.060, P =
0.001), higher tumor regression grade (TRG 2/3 vs. TRG 0), and
positive resection margins (P < 0.05). In contrast, postoperative
chemotherapy was a protective factor (HR = 0.382, 95% CI: 0.257–
0.568, P < 0.001). These results indicate that in�ammation-related
markers, pathological response to NAC, and resection margin status
are signi�cant predictors of survival in elderly patients with
TABLE 1 Continued

Variable Training (N = 627) Validation (N = 269) c�/Z P

Signet-ring cell component

R0 552 (88.0%) 245 (91.1%)

R1 75 (12.0%) 24 (8.9%)
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metastasis. Furthermore, standardized postoperative chemotherapy
may help improve prognosis (Table 3).
3.5 Prognostic nomogram development
and validation

Based on the six independent prognostic factors, a Cox
nomogram was developed to predict overall survival in elderly
patients with locally advanced gastric adenocarcinoma who
developed postoperative distant metastasis (Figure 4A). The
calibration curves for the predicted 24, 36, 60 months OS
probabilities demonstrated strong agreement between the
nomogram-predicted outcomes and the actual observations in
both the training set (Figures 4B-D) and the validation set
(Figures 5A-C). Furthermore, DCA con�rmed the favorable
clinical utility of the nomogram across a wide range of risk
thresholds (Figures 4E-G, 5D-F). ROC analysis indicated that the
nomogram achieved AUC values of 0.860, 0.847, and 0.848 at 24,
36, and 60 months, respectively, in the training set (Figure 6A), and
0.894, 0.872, and 0.881 in the validation set (Figure 6B), re�ecting
its strong discriminative ability in predicting OS for this patient
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population. Kaplan-Meier survival analysis revealed that patients in
the high-risk group had signi�cantly poorer OS compared to those
in the low-risk group (Figures 6C, D). Additionally, the nomogram
demonstrated superior discriminative performance over any single
independent prognostic factor at 24, 36, and 60 months, as
evidenced by time-dependent ROC curve comparisons
(Figures 7A-F).
4 Discussion

Gastric cancer imposes a substantial global disease burden due
to its aggressive nature and poor prognosis, a concern that is
particularly pronounced among the elderly population. However,
high-quality evidence to guide treatment strategies in patients aged
over 70 remains scarce. Importantly, therapeutic decisions in older
adults should not rely solely on chronological age (15). Although
existing studies indicate that the relative survival bene�t from
standard treatment is comparable between elderly and younger
patients, older individuals face a higher risk of perioperative
complications and therapy-related toxicities (16). Moreover, age-
related physiological decline, comorbidities, and tumor-related
TABLE 2 Univariate and multivariate logistic analyses of distant metastasis in elderly patients with locally advanced gastric cancer.

Variable (comparison)
Univariate analysis Multivariate analysis

OR 95% CI P OR 95% CI P

N stage (N1 vs N0) 1.753 1.022-2.994 0.04 1.642 0.780-3.439 0.189

N stage (N2 vs N0) 2.821 1.787-4.497 <0.001 2.062 1.010-4.236 0.047

N stage (N3 vs N0) 3.895 2.458-6.246 <0.001 3.184 1.662-6.188 <0.001

NAC adverse events (Yes vs No) 1.594 1.085-2.335 0.017 1.783 1.058-3.011 0.030

CA19-9(�37 vs<37) 7.280 4.770-11.360 <0.001 1.014 1.003-1.026 0.017

CA125 (�35 vs<35) 3.138 2.19-4.512 <0.001 0.826 0.455-1.475 0.524

CA72-4(�7 vs<7) 2.175 1.530-3.096 <0.001 0.826 0.455-1.475 0.524

Intraoperative chemotherapy (Yes vs No) 0.381 0.263-0.545 <0.001 0.398 0.240-0.650 <0.001

Albumin (per unit) 0.944 0.910-0.979 0.002 0.969 0.921-1.016 0.201

NLR (per unit) 4.667 3.290-6.671 <0.001 4.261 (2.750-6.684) <0.001

SII (per unit) 1.002 1.001-1.003 <0.001 1.000 0.999-1.002 0.69

Vascular tumor thrombus (Yes vs No) 1.743 1.251-2.436 0.001 0.787 0.447-1.374 0.402

Perineural invasion (Yes vs No) 1.983 1.421-2.775 <0.001 1.446 0.849-2.467 0.175

Tumor nodules (Yes vs No) 3.343 2.157-5.224 <0.001 2.356 1.278-4.377 0.006

Signet-ring component (Yes vs No) 2.132 1.403-3.240 <0.001 1.337 0.739-2.412 0.334

TRG (1 vs 0) 1.45 0.942-2.251 0.094 1.947 1.074-3.590 0.030

TRG (2 vs 0) 1.794 1.296-2.109 0.009 1.982 1.040-3.821 0.039

TRG (3 vs 0) 5.597 3.051-10.536 <0.001 7.928 3.559-18.281 <0.001

Histologic grade (Well/Moderate vs Poor/Undiff.) 0.516 0.360-0.732 <0.001 0.62 0.360-1.059 0.082

Adjuvant chemotherapy (Yes vs No) 0.579 0.414-0.806 0.001 0.444 0.273-0.715 <0.001

R status(R1vsR0) 3.861 2.338-6.490 <0.001 4.861 2.360-10.321 <0.001
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factors—such as impaired gastric emptying, malabsorption,
malnutrition, and sarcopenia—increase their susceptibility to dose
reductions and cumulative toxicity during systemic anticancer
treatment (17). For LAGC, NAC has become a cornerstone of
perioperative management. Meta-analyses in Asian populations
reveal that NAC signi�cantly improves both disease-free survival
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and overall survival in elderly patients compared to surgery alone
(18). Nonetheless, widespread adoption does not imply absence of
risk. Marked interindividual variability exists among older patients
in terms of tolerance and achievable dose intensity of NAC (2).
Furthermore, even after completing NAC and achieving R0
resection, distant metastasis remains a leading cause of treatment
FIGURE 2

Development and validation of a risk nomogram for postoperative distant metastasis after neoadjuvant chemotherapy in elderly patients with locally
advanced gastric adenocarcinoma. (A) Nomogram derived from multivariable logistic regression; (B) Receiver operating characteristic curve and area
under the curve in the training cohort; (C) Calibration plot in the training cohort; (D) Decision curve analysis in the training cohort; (E) Receiver
operating characteristic curve and area under the curve in the validation cohort; (F) Calibration plot in the validation cohort; (G) Decision curve
analysis in the validation cohort.
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failure, profoundly affecting long-term outcomes, with peritoneal
and hepatic metastases being especially frequent (19). This
underscores the urgent need to identify high-risk elderly
subgroups predisposed to postoperative metastasis following
NAC, which would allow tailored adjuvant strategies and
intensi�ed surveillance. Once DM develops, the absolute bene�t
that elderly patients gain from secondary surgeries, chemotherapy,
or novel immunotherapies is often limited, and their prognosis
tends to be worse than that of younger patients.

While several studies have explored prognostic predictors in
gastric cancer, the majority have focused on the general population,
with a paucity of dedicated analyses for elderly patients (20).
Addressing this gap, our study developed and validated two
speci�c tools for elderly patients with LAGC who received NAC
Frontiers in Oncology 11
followed by radical gastrectomy, a diagnostic nomogram for
predicting the risk of postoperative DM and a prognostic
nomogram for stratifying OS in those who developed DM. By
incorporating readily accessible clinical variables, these nomograms
generate individualized risk scores to inform decisions regarding
postoperative surveillance intensity, consideration of intensi�ed
adjuvant therapy, and eligibility for clinical trials. Encouragingly,
both models demonstrated robust and stable performance, with
high AUC values, well-�tted calibration curves, and DCA indicating
positive net clinical bene�t across a wide range of risk thresholds.
To our knowledge, this represents one of the largest studies
speci�cally focused on predicting both “postoperative metastasis
risk” and “post-metastasis survival” in this vulnerable population.
Our models incorporate multidimensional variables-including
FIGURE 3

Comparison of ROC curves and AUCs between the nomogram and individual predictors in the training (A) and validation (B) cohorts. Individual
predictors include CA19-9, NLR, tumor nodules, N stage, intraoperative chemotherapy, the tumor regression grade (TRG), adjuvant chemotherapy,
NAC-related adverse events, and resection margin(R).
TABLE 3 Univariate and multivariable Cox analyses of overall survival in elderly gastric cancer patients with postoperative distant metastasis.

Variable (comparison)
Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

CA19-9(�37 vs<37) 1.573 1.136-2.179 0.006 1.423 0.987-2.030 0.059

CA72-4(�7 vs<7) 1.556 1.124-2.156 0.008 1.572 1.083-2.286 <0.017

Neutrophils (per unit) 1.112 1.066-1.160 <0.001 0.938 0.859-1.020 0.154

NLR (per unit) 1.542 1.3340-1.781 <0.001 1.634 1.17-1.690 <0.001

SII (per unit) 1.002 1.001-1.003 <0.001 1.001 0.995-1.014 0.184

Interval to surgery (per 1 day) 1.033 1.010-1.056 0.004 1.042 1.010-1.060 0.001

TRG (1 vs 0) 1.520 0.975-2.369 0.064 1.471 0.927-2.362 0.107

TRG (2 vs 0) 1.683 1.024-2.431 0.033 1.563 1.293-2.640 0.043

TRG (3 vs 0) 1.748 1.058-2.889 0.029 1.793 1.074-3.013 0.027

Adjuvant chemotherapy (Yes vs No) 0.316 0.216-0.463 <0.001 0.382 0.257-0.568 <0.001

R status (R1 vs R0) 2.658 1.875-3.767 <0.001 2.396 1.647-3.493 <0.001
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