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Objective: To develop a nomogram integrating HOXA9 expression with clinicopathological indicators for predicting postoperative
recurrence risk in gastric cancer.

Methods: This single-center retrospective study enrolled 152 gastric cancer patients who underwent radical surgery (June 2023—
March 2024) with 18-month follow-up. Patients were divided into recurrence (n=58) and non-recurrence (n=94) groups. HOXA9
expression was assessed by immunohistochemistry. Clinicopathological parameters including age, gender, tumor size, location,
differentiation, invasion depth, lymph node metastasis, TNM stage, vascular invasion, and perineural invasion were collected.
Univariate and multivariate Cox regression and ROC analyses were used to identify independent risk factors and evaluate predictive
value.

Results: The recurrence rate was 38.16%. The recurrence group had significantly larger tumor size, higher proportions of poor
differentiation, lymph node metastasis, TNM stage III, vascular invasion, perineural invasion, and high HOXA9 expression (all
P<0.05). Multivariate Cox regression identified lymph node metastasis [HR=1.206 (1.042-1.397)], TNM stage III [HR=1.598
(1.096-2.328)], vascular invasion [HR=1.863 (1.093-3.176)], and high HOXA9 expression [HR=2.076 (1.222-3.525)] as independent
risk factors (P<0.05). The combined AUC was 0.798, significantly higher than each factor alone (Z=3.472-3.305, all P<0.01).
Conclusion: The model combining HOXA9 expression with TNM stage, lymph node metastasis, and vascular invasion demonstrates
good performance in assessing postoperative recurrence risk and may serve as a practical tool for clinical risk stratification.
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Introduction

Gastric cancer is a highly prevalent malignant tumor of the digestive tract worldwide. Radical surgery is the preferred
treatment for early and locally advanced gastric cancer; however, the postoperative recurrence rate remains as high as
30%-50%, and the five-year survival rate for patients with recurrence is less than 10%.'* Accurately predicting the risk
of postoperative recurrence to implement intensified adjuvant therapy for high-risk patients and avoid overtreatment in
low-risk patients is a core strategy for improving the prognosis of gastric cancer.® In recent years, research on molecular
prognostic markers has provided new directions for precision management of gastric cancer. As reviewed by Shi et al,*
although transcriptomics-based molecular subtyping can significantly improve prognostic prediction, its high cost and
long turnaround time hinder routine clinical application. In contrast, protein markers detectable by immunohistochem-

istry, due to their simplicity, cost-effectiveness, and accessibility, remain the most clinically promising prognostic tools.
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The homeobox (HOX) gene family encodes key transcription factors that regulate embryonic development and
cellular differentiation, and their aberrant expression is closely associated with the occurrence and progression of various
tumors. Homeobox A9 (HOXAY), a core member of the HOX gene family, plays a critical regulatory role in embryonic
development and cellular differentiation. Recent studies have revealed that HOXA9 is aberrantly activated in multiple
solid tumors, promoting tumor proliferation, invasion, and metastasis through pathways such as Wnt/B-catenin and PI3K/
Akt.® Previous research has confirmed the aberrant expression of HOXA9 in lung cancer, colorectal cancer, breast cancer,
and other malignancies, where it is closely associated with tumor cell proliferation, invasion, and metastasis.®” In gastric
cancer, HOXA9 overexpression has been linked to poor tumor differentiation, lymph node metastasis, and advanced
TNM stage. However, its independent association with postoperative recurrence and predictive value remain controver-
sial, and studies integrating HOXA9 into predictive models alongside clinicopathological parameters are lacking.®

Currently, the most commonly used tool for predicting gastric cancer recurrence is the TNM staging system, which
relies solely on anatomical features and fails to distinguish recurrence risk among patients with the same stage but
different molecular phenotypes, achieving an area under the curve (AUC) of only 0.6-0.7, indicating limited predictive
efficacy.” Although recent studies have developed predictive models incorporating molecular markers such as HER2 and
PD-L1, the high cost and technical complexity of these assays limit their implementation in primary hospitals. In
contrast, HOXA9 can be detected using routine immunohistochemistry, offering simplicity and cost-effectiveness
suitable for widespread clinical application. Furthermore, postoperative adjuvant chemotherapy is a key measure to
reduce the risk of recurrence in locally advanced gastric cancer; however, approximately 30% of patients with stage III
disease still experience recurrence despite receiving standard adjuvant chemotherapy, underscoring the need for more
precise biomarkers to identify truly high-risk populations.'® Based on these considerations, this study hypothesizes that
high HOXA9 expression is an independent risk factor for postoperative recurrence of gastric cancer and that integrating
HOXA9 with clinicopathological indicators can establish a more accurate predictive model for 18-month postoperative
recurrence, thereby providing a novel basis for individualized clinical management.

Methods
Study Subjects

This retrospective cohort study included 152 gastric cancer patients who underwent radical surgery in the Affiliated
People’s Hospital of Ningbo University from June 2023 to March 2024. Inclusion criteria: Age >18 years, regardless of
gender; Postoperative histopathological confirmation of gastric adenocarcinoma; Indications for surgical treatment and
voluntary acceptance of surgery; Complete clinicopathological data; Postoperative follow-up duration >18 months;
Signed informed consent from the patient or family members. Exclusion criteria: Previous neoadjuvant radiotherapy,
chemotherapy, targeted therapy, or immunotherapy; Concurrent other malignancies; Pathological types other than
adenocarcinoma, such as squamous cell carcinoma, adenosquamous carcinoma, or neuroendocrine tumors;
Preoperative imaging or intraoperative confirmation of distant metastasis; Loss to follow-up or missing key clinico-
pathological data during follow-up; Poor quality of tumor tissue samples, rendering them unsuitable for immunohisto-
chemical testing. The study was approved by the Ethics Committee of the Affiliated People’s Hospital of Ningbo
University (No.:2025-034) and informed consent was provided by all participants.

Experimental Methods and Observation Indicators

HOXAY9 detection was performed using the immunohistochemical SP method. Postoperative paraffin-embedded tumor
tissue samples from patients were collected, fixed in 4% paraformaldehyde for 24 hours, and then routinely processed
through gradient dehydration, xylene clearing, and paraffin embedding. Continuous 4um sections were mounted onto
poly-lysine-coated slides and baked at 60°C for 2 hours for subsequent use. Experimental reagents included rabbit anti-
human HOXA9 monoclonal antibody (Product # ab189730, Abcam, concentration 1mg/mL), SP immunohistochemistry
kit (Product # PV-9000, Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd)., DAB chromogen kit (Product: ZLI-
9018, Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd)., and citrate antigen retrieval solution (pH 6.0, Product:
ZLI-9065, Beijing Zhongshan Golden Bridge Biotechnology Co., Ltd). The operating procedure strictly followed the
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instructions of the immunohistochemistry SP method kit. Result evaluation was performed by two pathologists, each with
over five years of diagnostic experience, using a double-blind method and a semi-quantitative scoring system. The
scoring criteria for the proportion of positive cells were: 0 points (<5%), 1 point (5-25%), 2 points (26—50%), 3 points
(51-75%), and 4 points (>75%). The scoring criteria for staining intensity were: 0 points (no staining), 1 point (light
yellow), 2 points (brown-yellow), and 3 points (brown). The total score was calculated as the product of the positive cell
proportion score and the staining intensity score. A total score < 3 was defined as low HOXA9 expression, and a score >
3 was defined as high HOXA9 expression. If the score difference between the two pathologists was >1 point, they jointly
re-reviewed the slides to reach a consensus before recording the final result. The intraclass correlation coefficient (ICC)
was used to assess inter-observer reliability, and the results showed an ICC of 0.89 (95% CI 0.83—0.93), indicating good
inter-observer agreement.

Collection of Clinicopathological Indicators

Patient clinicopathological indicators were collected via the hospital electronic medical record system and pathology
department information system. Indicators included age, gender, maximum tumor diameter, tumor location (gastric body,
gastric antrum, other), differentiation degree (including well-differentiated, moderately differentiated, and poorly differ-
entiated; well- and moderately-differentiated were combined into a high/moderate differentiation group, while poorly
differentiated constituted a separate group), depth of invasion (categorized as T1-T2 or T3—T4 stages according to the
AJCC 8th edition TNM staging criteria), lymph node metastasis [defined as present (number of metastatic lymph nodes
>1) or absent (number of metastatic lymph nodes = 0) based on postoperative pathology reports], TNM stage (classified
as stage I-II or stage III using the AJCC 8th edition gastric cancer staging criteria), presence of vascular invasion
(defined as tumor cells invading blood or lymphatic vessels observed on pathological slides), and perineural invasion
(defined as tumor cells invading gastric wall nerve fibers or plexuses).

Follow-Up Method

Postoperative follow-up was conducted using a combination of outpatient visits and telephone calls. Follow-ups were
scheduled every 3 months in the first postoperative year and every 6 months in the second year. Follow-up content
included detailed inquiry about patient symptoms, physical examination, gastroscopy, abdominal computed tomography
(CT) scans, and tumor marker testing. The time of recurrence, recurrence sites, and survival status were recorded. The
follow-up endpoint was set at 18 months post-surgery or the first confirmed recurrence. Based on the 18-month
postoperative follow-up results, patients were divided into groups. The recurrence group was defined as patients with
confirmed local recurrence, regional lymph node metastasis, or distant metastasis postoperatively via gastroscopy,
abdominal CT, positron emission tomography-computed tomography (PET-CT), or pathological biopsy. The non-
recurrence group was defined as patients with no evidence of the aforementioned recurrence events by 18 months post-
surgery and no abnormal elevation of tumor markers.

Statistical Methods

Statistical analysis was performed using SPSS 26.0 software (IBM Corp., USA). For continuous variables, normality was
first assessed using the Shapiro—Wilk test. Data conforming to a normal distribution were expressed as mean + standard
deviation (x+s), and comparisons between groups were performed using the independent samples #-test. Categorical data
were expressed as number (percentage) [n(%)], and comparisons between groups were made using the y*-test. Univariate
and multivariate Cox proportional hazards regression models were used to analyze risk factors for postoperative
recurrence of gastric cancer. Variables with P < 0.05 in the univariate analysis were included in the multivariate
regression model. The variance inflation factor (VIF) was calculated for all included variables to exclude indicators
with severe multicollinearity. Stepwise regression was applied to identify independent risk factors. The value of
combined independent risk factors in predicting postoperative recurrence risk in gastric cancer patients was analyzed
using receiver operating characteristic (ROC) curves and the area under the curve (AUC). A P-value < 0.05 was
considered statistically significant. The event-per-variable ratio was 14.5:1, which exceeds the recommended minimum
of 5-10 events per variable.
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Results

Patient Baseline Characteristics and HOXA9 Expression

Among the 152 gastric cancer patients, 58 experienced recurrence within 18 months postoperatively (recurrence rate
38.16%). The recurrence group had significantly higher maximum tumor diameter, proportion of poor differentiation,
lymph node metastasis rate, proportion of TNM stage III, rates of vascular invasion and perineural invasion, and rate of
high HOXA9 expression compared to the non-recurrence group (all P < 0.05). There were no statistically significant
differences between the two groups in terms of age, gender, tumor location, or depth of invasion (all P > 0.05), as shown
in Table 1.

Univariate and Multivariate Cox Regression Analysis of Risk Factors for Postoperative
Recurrence in Gastric Cancer

The postoperative recurrence status of enrolled patients was set as the dependent variable, with assignments as follows:
postoperative recurrence = 1, no postoperative recurrence = 0. Variables with P < 0.05 in intergroup univariate analysis
were assigned as independent variables: maximum tumor diameter was assigned the original measured value, well/

Table | Comparison of Baseline Characteristics and HOXA9 Expression Between the Two Groups
[(x £ s)/n (%)]

Indicator Total Cases | Non-Recurrence | Recurrence th? P
(n=152) Group (n=94) Group (n=58)

Age (years) 69.16+9.09 69.32+9.31 68.91+8.8I 0.266 | 0.790

Gender 0.065 | 0.798
Male 117 (77.0) 73 (77.7) 44 (75.9)
Female 35 (23.0) 21 (22.3) 14 (24.1)

Maximum Tumor Diameter (cm) | 4.49+1.93 4.22+1.67 4.94+2.23 2.265 | 0.025

Tumor Location 0.064 | 0.968
Gastric Body 41 (27.0) 25 (26.6) 16 (27.6)
Gastric Antrum 86 (56.6) 53 (56.4) 33 (56.9)
Other 25 (16.4) 16 (17.0) 9 (15.5)

Differentiation Degree 6.077 | 0.014
Well/Moderately Differentiated | 77 (50.7) 55 (58.5) 22 (37.9)
Poorly Differentiated 75 (49.3) 39 (41.5) 36 (62.1)

Depth of Invasion 2.154 | 0.142
T1~T2 Stage 36 (23.7) 26 (27.7) 10 (17.2)
T3~T4 Stage 116 (76.3) 68 (72.3) 48 (82.8)

Lymph Node Metastasis 6.009 | 0.014
Positive 94 (61.8) 51 (54.3) 43 (74.1)
Negative 58 (38.2) 43 (45.7) 15 (25.9)

TNM Stage 8.758 | 0.003
Stagel~Il 73 (48.0) 54 (57.4) 19 (32.8)
Stage IlI 79 (52.0) 40 (42.6) 39 (67.2)

Vascular Invasion 6.978 | 0.008
Positive 56 (36.8) 27 (28.7) 29 (50.0)
Negative 96 (63.2) 67 (71.3) 29 (50.0)

Perineural Invasion 7.921 | 0.005
Positive 43 (28.3) 19 (20.2) 24 (41.4)
Negative 109 (71.7) 75 (79.8) 34 (58.6)

HOXA9 Expression 8.831 | 0.003
Low 91 (59.9) 65 (69.1) 26 (44.8)
High 61 (40.1) 29 (30.9) 32 (55.2)
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moderately differentiated = 0, poorly differentiated = 1, lymph node metastasis = 1, no lymph node metastasis = 0, TNM
stage Il = 1, TNM stage I-1I = 0, vascular invasion = 1, no vascular invasion = 0, perineural invasion = 1, no perineural
invasion = 0, high HOXA9 expression = 1, low HOXA9 expression = 0. Univariate Cox regression showed that
maximum tumor diameter, poor differentiation, lymph node metastasis, TNM stage III, vascular invasion, perineural
invasion, and high HOXA9 expression were all risk factors for postoperative recurrence in gastric cancer patients (P <
0.05), as shown in Table 2.

The VIF for all included variables was less than 2, indicating no severe multicollinearity among the potential
influencing factors. Variables with P < 0.05 in the univariate Cox regression analysis were further included in the
multivariate Cox regression analysis. The results indicated that lymph node metastasis [HR (95% CI) = 1.206 (1.042-
—1.397)], TNM stage III [HR (95% CI) = 1.598 (1.096-2.328)], vascular invasion [HR (95% CI) = 1.863 (1.093-3.176)],
and high HOXA9 expression [HR (95% CI) = 2.076 (1.222-3.525)] were independent risk factors for postoperative
recurrence (P < 0.05), as shown in Table 3.

Analysis of the Efficacy of Individual and Combined Risk Factors in Predicting

Postoperative Recurrence Risk of Gastric Cancer

ROC analysis revealed that the AUCs for lymph node metastasis, TNM stage III, vascular invasion, and high HOXA9
expression—both individually and in combination—in predicting postoperative recurrence risk of gastric cancer were
0.599, 0.623, 0.606, 0.622, and 0.798, respectively. The predictive efficacy of the four factors combined was significantly
higher than that of each factor alone (Z = 3.472, 2.938, 3.305, 2.899; P = 0.001, 0.003, 0.001, 0.004). At this point, the
combined prediction demonstrated a sensitivity of 0.712, a specificity of 0.730, and a Youden index of 0.442, as shown in
Table 4 and Figure 1. The bootstrap method with 1000 resampling iterations was used for internal validation. The results
showed a corrected AUC of 0.776 (95% CI: 0.701-0.851), with a difference of less than 0.03 from the original AUC
(0.798), indicating good model stability. The calibration curve demonstrated good agreement between predicted prob-
abilities and actual recurrence probabilities (Hosmer-Lemeshow test: x> = 6.234, P = 0.621).

Table 2 Univariate Cox Regression Analysis of Risk Factors for Postoperative Recurrence in Gastric Cancer

Indicator B SE Wald o* P HR Lower Limit Upper Limit
of 95% CI of 95% ClI
Maximum tumor diameter 0.191 0.078 6.052 0.014 1.211 1.040 1.410
Poorly differentiated 0.632 0.271 5.438 0.020 1.880 1.106 3.198
Lymph node metastasis 0.706 0.300 5.537 0.019 2.026 1.125 3.648
TNM stage lI 0.806 0.280 8.283 0.004 2239 1.293 3.878
Vascular invasion 0.726 0.263 7.607 0.006 2.066 1.234 3461
Perineural invasion 0.656 0.267 6.047 0.014 1.928 1.143 3.253
High expression of HOXA9 0.798 0.265 9.078 0.003 2221 1.322 3.731

Table 3 Multivariate Cox Regression Analysis of Risk Factors for Postoperative Recurrence of Gastric Cancer

Indicator B SE Wald »* P HR Lower Limit Upper Limit
of 95% CI of 95% CI
Maximum tumor diameter 0.521 0.305 2913 0.088 1.683 0.926 3.061
Poorly differentiated 0411 0.286 2.060 0.151 1.508 0.861 2.643
Lymph node metastasis 0.188 0.075 6.277 0.012 1.206 1.042 1.397
TNM stage lI 0.468 0.192 5.941 0.018 1.598 1.096 2.328
Vascular invasion 0.622 0.272 5.224 0.022 1.863 1.093 3.176
Perineural invasion 0.456 0.274 2.756 0.097 1.577 0.921 2.701
High expression of HOXA9 0.730 0.270 7.309 0.007 2.076 1.222 3.525
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Table 4 Efficacy Analysis of Individual and Combined Risk Factors in Predicting Postoperative Recurrence Risk of
Gastric Cancer

Indicator AUC | Lower Limit | Upper Limit | P Sensitivity | Specificity | Youden Index
of 95% CI of 95% CI
Lymph node metastasis 0.599 | 0.508 0.691 0.040 | 0.621 0.586 0.207
TNM stage Il 0.623 | 0.532 0.715 0.011 | 0.66l 0.612 0.273
Vascular invasion 0.606 | 0513 0.700 0.028 | 0.608 0.602 0.210
High expression of HOXA9 | 0.622 | 0.529 0.714 0.012 | 0.686 0.623 0.309
Four-ltem Combination 0.798 | 0.725 0.871 0.001 | 0.712 0.730 0.442
Discussion

This study, by integrating the molecular biomarker HOXA9 with clinicopathological indicators, confirmed that high
HOXAD9 expression combined with lymph node metastasis, TNM stage III, and vascular invasion significantly improves
prediction accuracy, providing new evidence for the precise postoperative management of gastric cancer. As a core
member of the homeobox gene family, the regulatory role of HOXA9 in tumorigenesis and progression has been
confirmed in various solid tumors, but its specific mechanism and predictive value in postoperative recurrence of gastric
cancer have not been fully elucidated.'""'? This study found that the high expression rate of HOXA9 in the gastric cancer
recurrence group (55.17%) was significantly higher than in the non-recurrence group (29.79%), and it remained an
independent risk factor for postoperative recurrence after multivariate adjustment, suggesting that high HOXA9 expres-
sion may be a key driver of gastric cancer progression and recurrence. HOXA9 can regulate the proliferation, invasion,
and metastatic capabilities of gastric cancer cells through multiple signaling pathways: on one hand, HOXA9 can form
heterodimers with PBX family proteins to activate the Wnt/B-catenin signaling pathway, promoting the expression of
downstream target genes, accelerating tumor cell cycle progression, and enhancing proliferation activity;'* on the other
hand, HOXA9 can inhibit tumor cell apoptosis by regulating the phosphorylation level of the PI3K/Akt pathway, while
promoting the secretion of matrix metalloproteinases to degrade the extracellular matrix, thereby enhancing the invasive
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Figure | ROC analysis of independent and combined risk factors for predicting postoperative recurrence risk of gastric cancer.
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and metastatic capabilities of tumor cells.* Furthermore, recent studies have confirmed that HOXA9 can participate in the
epithelial-mesenchymal transition (EMT) process. By downregulating E-cadherin and upregulating N-cadherin and
vimentin expression, tumor cells acquire a mesenchymal phenotype, making them more prone to breaking through the
basement membrane barrier and leading to distant metastasis.'*'> This also explains why gastric cancer patients with
high HOXAY9 expression are more susceptible to postoperative recurrence.

This study also confirmed that lymph node metastasis, TNM stage III, and vascular invasion are independent risk
factors for postoperative recurrence of gastric cancer. As a core indicator of gastric cancer staging, the presence of lymph
node metastasis implies that tumor cells have acquired the ability for distant dissemination. Even after radical surgical
resection, residual micrometastases may proliferate postoperatively, leading to recurrence.'® Patients with TNM stage III
have deeper tumor infiltration, a broader scope of involvement, and a greater tumor burden. The probability of residual
microscopic foci postoperatively is significantly higher than in stage I-II patients, which is the core reason for their
increased recurrence risk.'® Vascular invasion indicates that tumor cells have invaded blood or lymphatic vessels,
providing a direct pathway for distant metastasis. Previous studies have shown that gastric cancer patients with vascular
invasion have an increased risk of distant metastasis and a significantly higher recurrence rate postoperatively.'” In this
study, perineural invasion did not enter the final multivariate model, which may be related to sample size and follow-up
duration. It also suggests that the predictive value of some clinicopathological indicators is diminished after integrating
molecular biomarkers, further confirming the complementary roles of molecular biomarkers and clinicopathological
indicators.

The combined prediction model integrating HOXA9 expression with clinicopathological indicators demonstrates
significantly superior performance compared to any single indicator, highlighting the advantage of integrating molecular
biomarkers with clinicopathological features. Traditional TNM staging only reflects the anatomical extent of the tumor
and cannot distinguish the risk of recurrence among patients with different molecular phenotypes within the same stage.®
The AUC of the combined model in this study reached 0.798, which is significantly higher than the predictive efficacy of
each individual indicator and is comparable to the performance of recently published gastric cancer recurrence prediction
models incorporating multiple molecular biomarkers (AUC 0.75-0.82).'® Compared with other models, this model
includes only one immunohistochemical indicator and three routine clinicopathological indicators, resulting in low
detection costs and simple operation, making it potentially more suitable for promotion and application in primary
hospitals. Furthermore, the findings of this study are mutually corroborated with previous related research while also
exhibiting significant innovative aspects. The review by Tang et al® pointed out that HOXA9 can serve as a biomarker of
poor prognosis in solid tumors, but did not clarify its predictive value for postoperative recurrence of gastric cancer. The
study by Bao et al® confirmed that HOXA9 promotes proliferation and metastasis of hepatocellular carcinoma via the
PI3K/Akt pathway, providing supporting evidence for the mechanistic analysis in this study. For the first time, this study
integrates HOXA9 with clinicopathological indicators to construct a nomogram model for postoperative recurrence of
gastric cancer, filling the research gap in the combined use of molecular biomarkers and clinical indicators to predict
postoperative recurrence of gastric cancer.

The model constructed in this study can be used to assist clinical decision-making. For postoperative gastric cancer
patients predicted by the model to be at high risk of recurrence, it is recommended to increase the frequency of
postoperative follow-up from once every 3 months to once every 2 months. Routine contrast-enhanced abdominal CT
and tumor marker testing should be performed at 6 and 12 months post-surgery, and PET-CT may be performed when
necessary for early detection of recurrence. Additionally, targeted therapy or immunotherapy may be considered in
combination with standard adjuvant chemotherapy to further reduce the risk of recurrence. For postoperative gastric
cancer patients at low risk of recurrence, it is recommended to appropriately extend the follow-up interval to once every
4—6 months to avoid the medical burden and psychological stress associated with excessive testing.

However, this study has significant methodological limitations, and the results should be interpreted with caution.
First, this was a single-center retrospective study, which may have introduced selection bias. Moreover, the study
population was primarily from northern China, limiting the generalizability of the model. Second, the follow-up period
was relatively short, assessing only early recurrence within 18 months post-surgery, and thus could not predict late
recurrence risk beyond two years. In addition, adjuvant therapy status was not included as a covariate in the multivariate
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analysis. Adjuvant chemotherapy is a key factor influencing recurrence risk in patients with stage III gastric cancer, and
its omission may have introduced confounding bias into the results. Furthermore, due to the limitations of the study
design, no external validation of the developed prediction model was performed. The stability of the model was evaluated
only through internal bootstrap validation, and its predictive performance in independent cohorts requires further
validation. Additionally, the mRNA levels of HOXA9 and downstream signaling pathway molecules were not examined,
and mechanistic analyses still need to be confirmed by basic experiments. These limitations suggest that the results of this
study are preliminary and should not be used as the sole basis for clinical decision-making. Interpretation of the findings
should be integrated with clinical guidelines, consensus, and real-world conditions.

Conclusion

In summary, this study confirms that high HOXA9 expression, lymph node metastasis, TNM stage III, and lymphovas-
cular invasion are independent risk factors for 18-month postoperative recurrence in patients with gastric cancer. The
prediction model incorporating these factors demonstrates good discrimination and stability. However, due to the
limitations of a single-center retrospective design, a relatively short follow-up period, and lack of external validation,
this model can currently serve only as a reference tool for preliminary clinical risk stratification. Its clinical utility
requires further validation through multicenter, large-sample, prospective studies. Future research should adjust for the
effect of adjuvant therapy and validate the generalizability of the model in independent cohorts, so as to provide higher-
level clinical evidence for precision management of gastric cancer after surgery.
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