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Abstract
BACKGROUND
[bookmark: _Hlk198698679]The log odds of positive lymph nodes (LODDS) are correlated with survival outcomes in gastric cancer (GC) patients. However, the prognostic value across different tumor differentiation levels remains unclear.

AIM
To evaluate the independent prognostic value of LODDS and the stratified predictive efficacy in GC patients with different histologic differentiations.

METHODS
We conducted a retrospective analysis of 2103 GC patients who underwent radical gastrectomy at Zhejiang Cancer Hospital. The prognostic value of LODDS was compared with that of other lymph node-based metrics, including the pathologic N stage, number of positive lymph nodes, number of total lymph nodes, and lymph node ratio, stratified by tumor differentiation.

RESULTS
LODDS was identified as an independent prognostic factor for overall survival in moderately to poorly differentiated GC patients. LODDS demonstrated superior predictive accuracy over other lymph node metrics. A nomogram incorporating LODDS, age, carbohydrate antigen (CA) 125, carcinoembryonic antigen, and tumor differentiation showed good predictive accuracy (C-index = 0.703). A higher LODDS was significantly associated with an increased risk of recurrence or metastasis, poorly differentiated tumors, advanced cancer, mucinous gastric adenocarcinoma, nerve invasion, and vascular tumor thrombus. Additionally, LODDS was positively correlated with the tumor markers CA19-9, CA72-4, CA125, and CA242 (all P < 0.05).

CONCLUSION
LODDS is an independent prognostic indicator for patients with moderately and poorly differentiated GC, and its predictive performance is superior to that of other models.
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Core Tip: This study highlights the log odds of positive lymph nodes (LODDS) as a reliable independent prognostic tool for moderately and poorly differentiated gastric cancer, providing more precise risk stratification than traditional systems such as pathologic N stage. Patients with higher LODDS values, which are associated with more aggressive tumor behavior, may benefit from more frequent follow-ups and intensified treatments. The incorporation of the LODDS into a clinical nomogram is expected to improve individualized survival prediction and the development of therapeutic strategies.

INTRODUCTION
Cancer is one of the most challenging diseases worldwide, with its development governed by a complex interplay of factors. These include intrinsic factors[1-6], such as genetic mutations, genomic instability, and the activation of oncogenes, as well as extrinsic factors[7-12], such as chronic inflammation induced by external stimuli and immune system dysregulation, which collectively contribute to the progression from inflammation to malignancy. Gastric cancer (GC) is the fifth most common cancer worldwide and the third leading cause of cancer-related mortality, following lung and liver cancer[13,14]. According to the GLOBOCAN global cancer burden report, GC causes more than 780000 deaths annually, with its mortality rate remaining high worldwide, especially among patients with advanced disease accompanied by lymph node metastasis, who generally have a poor prognosis[15-17]. In clinical practice, lymph nodes are a primary route of metastasis for GC[18-20]. Cancer cells spread through the lymphatic system to nearby lymph nodes and may subsequently metastasize to distant lymph nodes or other organs[21-25].
Lymph node metastasis not only reflects the invasiveness and spreading capability of tumor cells but also typically signifies that cancer has progressed to a locally advanced stage[26-28]. Postoperatively, the number and distribution of metastatic lymph nodes directly influence patient survival rates and recurrence risk, and the extent of lymph node metastasis can further inform the staging of GC and potential treatment response[29,30]. Currently, prognosis assessment for GC patients relies primarily on the 8th edition of the American Joint Committee on Cancer (AJCC) tumor-node-metastasis (TNM) staging system[31-33]. Pathologic N stage in this system is determined on the basis of pathologic examination of the lymph nodes removed during surgery, and in particular, the number of metastatic lymph nodes is evaluated to assess the extent of disease progression[34-36]. However, this system does not account for ratio-based lymph node classification, which may provide more precise prognostic insights and better guide personalized treatment strategies.
The grade of tumor differentiation plays a crucial role in GC prognosis[37-39]. Tumor differentiation refers to the degree of similarity between tumor and normal tissue cells and reflects the level of maturation of tumor cells in terms of morphology, structure, and function[40-43]. Poorly differentiated tumors often exhibit higher cellular heterogeneity and invasiveness, which are closely associated with a poor prognosis and a higher risk of recurrence[44-47]. However, in patients with limited lymph node dissection or substantial variation in tumor differentiation, the AJCC pathologic N stage (pN) staging system may fail to accurately reflect individual prognosis, particularly in patients with poorly differentiated and highly invasive tumors[48-50]. Moreover, existing staging systems and prognostic models are often based on the overall GC population and inadequately address the specific impact of tumor differentiation, leading to potential bias in prognostic stratification for patients with moderate to poorly differentiated tumors[51-53]. Therefore, developing tools that can better reflect the true prognosis of such patients is highly important.
In recent years, the log odds of positive lymph nodes (LODDS) - a ratio-based lymph node staging system - has gained attention. By integrating the ratio of positive to negative lymph nodes, LODDS has the potential to overcome the limitations of the traditional pN staging system, which solely depends on the number of positive lymph nodes. Additionally, the LODDS has demonstrated superior prognostic performance, especially in patients with inadequate lymph node dissection[54,55]. Studies across various cancer types have shown the prognostic accuracy of LODDS, which outperforms traditional pN staging in esophageal and colorectal cancers[56,57]. Although the LODDS has been applied in some GC studies, its effectiveness in the context of moderately to poorly differentiated GC remains unclear. This subgroup exhibits unique biological behaviors and a relatively higher recurrence risk, making it crucial to explore tailored staging and prognostic tools for this patient population.
This large-scale retrospective analysis aimed to systematically evaluate the prognostic value and potential applications of the LODDS in patients with moderately to poorly differentiated GC. Additionally, we comprehensively compared the prognostic performance of the pN, number of positive lymph nodes (NPLN), lymph node ratio (LNR), number of total lymph nodes (NTLN), and LODDS systems, identifying a more accurate staging system for predicting survival outcomes in GC patients. Finally, we attempted to develop a prognostic nomogram for GC patients.

MATERIALS AND METHODS
Population
This retrospective cohort study analyzed data from GC patients treated at Zhejiang Cancer Hospital between April 2008 and December 2019. Patients included in the study underwent radical gastrectomy with D1/D2 lymph node dissection and had complete clinical data and follow-up records. The exclusion criteria were other malignant tumors, a lymph node-negative status, palliative care, missing preoperative or postoperative tumor marker data, or unsuccessful surgeries. Ultimately, 2103 GC patients met the inclusion criteria. Tumor staging was performed according to the 8th edition of the AJCC staging manual.
All patients signed informed consent forms. The study was conducted in accordance with the Declaration of Helsinki (as revised in 2013) and was approved by the Ethics Committee of Zhejiang Cancer Hospital, approval No. AF-4.0/34-1.

Data collection
Patient data, including sex, age, body mass index, family history, smoking history, drinking history, tumor differentiation, positive lymph nodes, total lymph nodes, pathological type, nerve invasion, vascular tumor thrombus, surgical method, N stage, pathological TNM (pTNM) stage, survival status, recurrence or metastasis, tumor markers, and overall survival (OS), were collected. OS was defined as the time period from the initiation of treatment or diagnosis to the time of death from any cause. Patients with abnormal tumor marker outpatient levels were excluded from the analysis. All patients underwent regular follow-up after surgery, approximately every 3–6 months, until death or the end of the follow-up period. The median follow-up time was 40 months (range: 1-147 months). Follow-up assessments included computed tomography scans, ultrasound, and endoscopic examinations to assess survival and recurrence status.

Prognostic system and tumor marker grouping
The calculation formula for LODDS is as follows: LODDS = log [(NPLN + 0.5)/(NTLN - NPLN + 0.5)], where an offset of 0.5 is applied to avoid mathematical infinity or division by zero. The formula for the LNR is as follows: LNR = NPLN/NTLN. The optimal cutoff points for the NPLNs, NTLNs, LNR, and LODDS were determined by calculating Youden’s index (sensitivity + specificity-1). This index can be used to identify the optimal cutoff point, balance high-risk recognition with low-risk misdiagnosis, and improve survival prediction accuracy. On this basis, the following staging system was established: NPLN: NPLN1 (1 ≤ NPLN1 < 6) and NPLN2 (6 ≤ NPLN2 ≤ 34); NTLN: NTLN1 (1 ≤ NTLN1 < 33) and NTLN2 (33 ≤ NTLN2 ≤ 73); LNR: LNR1 (0.01 ≤ LNR1 < 0.16) and LNR2 (0.16 ≤ LNR2 ≤ 1.00); LODDS: LODDS1 (-1.68 ≤ LODDS1 < -0.69) and LODDS2 (-0.69 ≤ LODDS2 ≤ 1.40). According to the clinical laboratory standards at our hospital, the cutoff values for the tumor markers carcinoembryonic antigen (CEA), alpha-fetoprotein (AFP), carbohydrate antigen (CA) 19-9, CA72-4, CA125, and CA242 were 5 ng/mL, 10 ng/mL, 37 U/mL, 6.9 U/mL, 35 U/mL, and 15 U/mL, respectively. The values above these thresholds were classified into the high group, whereas the values below the thresholds were classified into the low group.

Study design
This study first employed univariate and multivariate Cox proportional hazards regression models to analyze the hazard ratios (HRs) and 95% confidence intervals (CIs) of various factors, aiming to identify independent risk factors for OS in GC patients. Independent risk factors were then stratified by tumor differentiation to assess their prognostic value in patients with different tumor differentiation levels. To minimize the influence of confounding factors, a 1:1 propensity score matching (PSM) analysis was performed with a matching tolerance of 0.05. Kaplan–Meier survival analysis was conducted on the matched data to determine survival rate differences among different LODDS groups and pN groups. Additionally, receiver operating characteristic (ROC) analysis was used to compare the prognostic predictive ability of the five staging systems. Finally, independent risk factors for GC patients with different degrees of tumor differentiation were incorporated into a nomogram for prognostic assessment. Decision curve analysis and ROC curve analysis were used to compare the prognostic predictive ability of the nomogram with that of the pTNM system. Calibration curves were used to evaluate the prognostic prediction ability of the model at different postoperative time points. The concordance index (C-index) was used to assess the predictive accuracy of the regression model.

Statistical analysis
[bookmark: OLE_LINK12790][bookmark: OLE_LINK12791]Categorical variables in all baseline characteristic data are presented as frequencies and percentages, whereas continuous variables are expressed as mean ± SD. Categorical variables were analyzed via the χ2 test, and continuous variables were analyzed via the independent-samples t test. Statistical analysis and visualization were performed via SPSS 27.0 and R 4.4.1 software, with a two-sided significance level set at P < 0.05 for all tests.

RESULTS
The impact of LODDS and tumor differentiation on the prognosis of all patients
After screening, 2103 GC patients who met the inclusion criteria were included in the study (Supplementary Figure 1A). Univariate Cox regression analysis was initially performed to evaluate the impact of various factors on OS, with factors showing P < 0.05 included in the multivariate Cox regression analysis. LODDS, pN, LNR, NPLN, and NTLN were analyzed by a variety of covariance analyses, and the variance inflation factor was less than 10 (Supplementary Table 1). The results indicated that both LODDS (HR = 1.515, 95%CI: 1.185-1.938, P < 0.001) and tumor differentiation (HR = 1.268, 95%CI: 1.086-1.479, P = 0.003) were independent prognostic risk factors for GC patients (Table 1). ROC analysis revealed an area under the curve (AUC) of 0.694 for the LODDS, with an optimal cutoff value of -0.685, achieving a sensitivity of 72.9% and specificity of 56.0% (Supplementary Figure 1B). Kaplan–Meier survival analysis indicated that the OS rate for LODDS2 patients (with higher LODDS) was lower than that for LODDS1 patients (log-rank P < 0.001, Supplementary Figure 1C). Furthermore, patients with poorly differentiated tumors had lower survival rates compared to those with moderately differentiated tumors (log-rank P < 0.001, Supplementary Figure 1D).

Patient characteristics before and after PSM
Before PSM, the LODDS1 group included 928 patients (44.1%), while the LODDS2 group included 1175 patients (55.9%). As shown in Table 2, significant differences were observed in the distributions of characteristics such as age, surgery method, pathological type, nerve invasion, vascular tumor thrombus, pTNM stage, CEA, CA19-9, CA72-4, CA242, and tumor differentiation between the LODDS1 and LODDS2 groups (all P < 0.05). To minimize the impact of distributional differences in confounding factors on the prognostic analysis, 1:1 PSM was performed on the basis of the collected clinical characteristics. After matching, a total of 1472 patients were included, with 736 patients in each group. To ensure the independent prognostic predictive power of the LODDS in patients with different degrees of tumor differentiation, key variables, including tumor differentiation and lymph node-related variables, were excluded from the matching process. After matching, no significant differences in any of the included clinical characteristics were observed between the two groups (all P ≥ 0.05), indicating a significant improvement in the balance of clinical features between the groups. Notably, owing to the small sample size of patients with well-differentiated tumors, which accounted for only 0.8% of the total cases, these patients were not included in the subsequent analysis.

Accuracy of prognostic prediction by different systems for patients
ROC analysis was used to assess the prognostic prediction accuracy of the NPLN, LNR, LODDS, and N staging systems in GC patients with different degrees of tumor differentiation (Supplementary Figure 2, Supplementary Table 2). The results revealed that within 3 years post-surgery, the LODDS system had the highest predictive accuracy for all patients (AUC = 0.701, P < 0.001), as well as for patients with moderately differentiated tumors (AUC = 0.672, P < 0.001) and those with poorly differentiated tumors (AUC = 0.607, P < 0.001). Between 3-5 years post-surgery, the LODDS system again demonstrated the highest predictive accuracy for all patients (AUC = 0.654, P < 0.001), while the NPLN system was most accurate for patients with moderately differentiated tumors (AUC = 0.643, P < 0.001). After 5 years, none of the staging systems showed significant prognostic value.
Kaplan–Meier survival analysis after PSM revealed that in moderately differentiated GC patients, both the LODDS2 group and the N3a + N3b group had worse prognoses within 5 years after surgery (Figure 1A-D, all P < 0.05). Among poorly differentiated GC patients, those in the LODDS2 group also had a worse prognosis within 5 years (Figure 1E-G, all P < 0.05). However, pN stage did not significantly affect survival rates at 3 and 5 years after surgery in poorly differentiated tumor patients (Figure 1H, P = 0.117). Further analysis revealed that pN stage had a weak ability to stratify poorly differentiated GC patients (Supplementary Figure 3A), with no significant survival differences among the N1, N2, and N3a groups (Supplementary Table 2, all P > 0.05). In moderately differentiated GC patients, there was also no significant difference in survival between the N1 subgroup and the other three N stages (Supplementary Figure 3B, Supplementary Table 3, all P > 0.05). Additionally, multivariate Cox regression analysis incorporating the independent risk factors listed in Table 1 showed that age, CA125, CEA, and LODDS were prognostic factors for both moderately and poorly differentiated GC patients (Table 2, all P < 0.05).
Patients were stratified by the grade of tumor differentiation, and then LODDS, pN, LNR, and NPLN were subjected to multifactorial Cox regression analyses with other independent prognostic influences separately. The results of the analysis revealed that the LODDS, LNR, pN, and NPLN were all risk factors for the prognosis of patients with moderately and poorly differentiated GC, and among patients with poorly differentiated GC, the HR value of patients with LODDS2 was 1.859, whereas in the group of moderately differentiated patients, the HR value of patients with LODDS2 was 2.391 compared with patients with LODDS1 (Supplementary Table 4), which indicated that the LODDS has a differential prognostic impact in differently differentiated patient groups. In addition, compared with other staging systems, the LODDS system consistently demonstrated higher prognostic predictive ability, with lower Akaike information criterion (AIC) and Bayesian information criterion (BIC) values and higher C-index and linear trend χ2 scores at different postoperative time points and in different tumor differentiation groups (Table 3). These findings suggest that the LODDS system has significant clinical potential for the prognostic management of GC patients with different levels of tumor differentiation.

LODDS correlation with clinical features and tumor markers in GC
The LODDS value was correlated with various clinicopathological features and tumor markers. Older adult patients aged over 60 years with mucinous gastric adenocarcinoma, vascular tumor thrombus, nerve invasion, or poorly differentiated tumors exhibited significantly higher LODDS values (Figure 2A-F, all P < 0.05). The LODDS values did not correlate with patient body mass index (Figure 2D, P > 0.05). Furthermore, patients with higher LODDS values were associated with advanced pTNM stages and an increased likelihood of tumor metastasis and recurrence (Figure 2G and H, all P < 0.05). Scatter plot analysis revealed positive correlations between the LODDS values and the levels of the tumor markers CA19-9, CA242, CA72-4, and CA125 (Figure 3A, C, D, and E, R values = 0.065, 0.095, 0.13, and 0.15, respectively; all P < 0.01), and no correlation was detected between the LODDS values and CEA and AFP (Figure 3B and F, all P > 0.05).

Construction and validation of a prognostic nomogram for OS in GC patients
In the multivariate Cox regression analysis for patients with different tumor differentiation levels, the LODDS, age, CA125, and CEA were identified as independent prognostic factors for OS in patients with GC (Supplementary Table 4, P < 0.05). Tumor differentiation was also included as a risk factor (Table 1, P < 0.05). Based on these four factors, a nomogram was constructed to predict 1-year, 3-year, and 5-year OS (Figure 4A). The nomogram demonstrated a C-index of 0.703. The calibration curves demonstrated excellent concordance between the predicted and observed values, confirming that the nomogram provides reliable prognostic predictions (Figure 4B). The AUCs for predicting 1-year, 3-year, and 5-year OS were 0.738, 0.730, and 0.722, respectively, which were higher than those of the pTNM staging system (Figure 4C and Supplementary Figure 4A and B, all P < 0.001), confirming that the sensitivity and specificity of this model were superior to those of the pTNM system. The ability of this model to predict patient prognosis was greater than that of individual prognostic indicators (Supplementary Figure 4C-E). The Kaplan–Meier curve successfully distinguished high-risk patients from low-risk patients, with the high-risk group showing poorer OS (Figure 4D, P < 0.001). Decision curve analysis revealed that the nomogram provided a greater clinical net benefit in prognostic prediction than did the AJCC 8th edition TNM staging system (Figure 4E). These findings further support the clinical utility of the LODDS in predicting OS in GC patients.

DISCUSSION
Currently, the pN staging system remains the most widely used lymph node staging method in clinical practice. This system, established by the AJCC and the Union for International Cancer Control, evaluates the number and distribution of positive lymph nodes, providing critical information about the extent of tumor spread[58,59]. However, the pN staging system has notable limitations in GC patients, particularly when factors such as insufficient lymph node collection, tumor differentiation, and changes in tumor markers affect its accuracy. These shortcomings potentially lead to reduced staging precision[60]. To address these limitations of the traditional pN system, alternative staging methods, such as the LODDS and LNR, have emerged. By incorporating the ratio of positive to negative lymph nodes, these methods offer more precise prognostic assessments[61].
Existing studies have highlighted the advantages of the LODDS and LNR for prognostic prediction. For example, Fortea-Sanchis et al[62] reported that in patients with colorectal cancer, even with a lower number of lymph nodes collected, the LODDS still exhibited high predictive efficacy. Similarly, Teng et al[63] noted the significant value of the LNR in predicting OS in breast cancer patients. Despite the abundant evidence supporting the strong prognostic value of the LODDS and LNR, their prognostic ability across different cancers is still debated. Jin et al[64] reported that the LODDS more accurately predicts prognosis in muscle-invasive bladder cancer patients than do pN and the LNR, whereas Deng et al[65] reported that in non-small cell lung cancer patients, the LODDS and LNR each have their own advantages depending on the NPLN. Thus, our study sought to comprehensively evaluate the prognostic value of various staging systems in GC patients. Through a comprehensive ROC comparison analysis, we found that the LODDS demonstrated superior prognostic ability compared with the N, NPLN, NTLN, and LNR systems in GC patients.
Unlike studies focused on the general GC population, recent research on the LODDS has gradually expanded to include more specific cancer subtypes. For instance, Zhou et al[66] compared different staging systems and found that for GC patients with distant metastases, the LODDS and LNR outperformed the PLN in terms of discriminative ability, prognostic homogeneity, and accuracy in predicting 1- or 2-year cancer-specific survival. Similarly, Zhang et al[67] demonstrated the significant role of the LODDS in predicting the prognosis of patients with gastric signet-ring cell carcinoma, suggesting that it can serve as an independent prognostic factor. Our study focused on patients with moderately to poorly differentiated GC, a group characterized by more aggressive behaviors and higher recurrence risk. We found that traditional systems, such as pN and the LNR, struggled to stratify prognosis in this subgroup. In contrast, the LODDS provides effective risk stratification across different tumor differentiation levels and postoperative time points, underscoring its potential to refine individualized management strategies.
[bookmark: OLE_LINK12795][bookmark: OLE_LINK12794][bookmark: OLE_LINK12796][bookmark: OLE_LINK12797][bookmark: OLE_LINK12792][bookmark: OLE_LINK12793]Moreover, our findings revealed a strong association between the LODDS score and clinicopathological features, including nerve invasion, vascular tumor thrombus, mucinous adenocarcinoma, and low tumor differentiation, all of which are linked to an increased risk of postoperative recurrence and poor prognosis[68]. The present study revealed a significant positive correlation between CA family tumor markers (CA19-9, CA72-4, CA125, CA242) and LODDS, whereas AFP and CEA did not show similar associations. This discrepancy may reflect heterogeneity in biological properties and metastatic mechanisms among these markers. CA family markers, as glycosylation-associated antigens, may promote lymph node metastatic microenvironment formation through modulating tumor cell adhesion, metabolic reprogramming (e.g., CA19-9-mediated lactate metabolism), and stromal remodeling (e.g., CA125-activated TGF-β pathway), thereby evolving synergistically with elevated LODDS. In contrast, the tissue specificity of AFP (e.g., its association with intrahepatic dissemination in hepatocellular carcinoma) and temporal discordance in CEA secretion dynamics (e.g., early-stage elevation misaligned with lymph node metastatic progression) may limit their correlation with LODDS[69,70]. Future studies should incorporate multi-timepoint monitoring and molecular subtyping (e.g., microsatellite instability status or Kirsten rat sarcoma viral oncogene homolog mutations) to evaluate the incremental prognostic value of CA family markers in lymph node metastasis prediction models. Clinically, CA family markers could complement TNM staging to optimize lymph node metastasis risk stratification and immunotherapy response prediction.
[bookmark: _Hlk198700731]To increase the clinical applicability of the LODDS, we developed an individualized prognostic nomogram model specifically designed for GC patients with moderate to poorly differentiated tumors. When five key prognostic risk factors—LODDS, age, CA125, CEA, and tumor differentiation—were incorporated, this nomogram demonstrated superior performance in terms of prediction accuracy, calibration, and clinical applicability compared with the AJCC 8th edition TNM staging system. The model provides precise guidance for clinical follow-up frequency and the formulation of individualized treatment plans. For example, high-risk patients identified by the model may require more frequent follow-up and intensified adjuvant therapy, whereas low-risk patients can avoid unnecessary overtreatment through personalized strategies. Research by Guo et al[71] and He et al[72] has also shown that incorporating LODDS into nomograms significantly improves prognostic evaluation accuracy and the practicality of individualized management in patients with colorectal and lung cancers, further confirming the broad potential of LODDS in personalized cancer treatment.
However, this study has some limitations. First, as a retrospective analysis, further prospective studies are needed to validate our findings. Second, there is currently no standardized staging method for systems such as the LODDS and LNR. In this study, we used Youden’s index to determine the optimal cutoff value, balancing sensitivity and specificity to predict postoperative survival. Finally, this study included only moderately and poorly differentiated GC patients with positive lymph nodes. Future research should include highly differentiated and lymph node-negative patients to further assess the generalizability of the LODDS. The moderate AUC value (approximately 0.7) of our nomogram model suggests that further improvement in predictive accuracy is possible.
Recent advances in computational methods, particularly deep learning and ensemble modeling, have shown promise in enhancing prognostic performance through several avenues, including the following: (1) More sophisticated feature engineering that integrates additional clinical biomarkers and genomic data; (2) Multimodal data fusion combining imaging, molecular, and pathological inputs; and (3) Personalized model architectures tailored to specific patient subgroups. Integrating these advanced methods with our current model should facilitate the development of more powerful prognostic tools in the future. However, it is also important to acknowledge the trade-offs between model complexity and clinical interpretability. In medical practice, especially in oncology, the adoption of predictive models requires not only accuracy but also transparency and ease of application, which must be carefully balanced in future research.
In conclusion, our study establishes LODDS as an independent and superior prognostic factor for moderately to poorly differentiated GC and that its prognostic value surpasses that of the pN, LNR, NPLN, and NTLN staging systems. Integrating LODDS with tumor differentiation into the GC staging system provides clinicians with a more accurate tool for survival risk stratification for patients undergoing surgical treatment and lymph node dissection, thereby providing stronger support for personalized treatment and prognostic assessment.

CONCLUSION
LODDS has been shown to be a reliable independent prognostic risk factor for patients with GC, providing a more precise risk stratification in patients with moderately and poorly differentiated GC compared to pN, LNR, NPLN, and NTLN. The study showed that LODDS values were significantly associated with several clinical characteristics, including age, pathologic type, degree of differentiation, nerve invasion, vascular tumor thrombosis, recurrence or metastasis, and pTNM staging. In addition, the LODDS was significantly and positively correlated with tumor markers of the CA family. Prognostic models constructed based on the LODDS with other key clinical indicators (e.g., age, tumor differentiation, CEA, CA125) had predictive power beyond the traditional pTNM staging system, showing higher accuracy and potential for clinical application. This finding emphasizes the significant value of LODDS in the prognostic assessment of GC.
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Figure 1 Kaplan–Meier survival analysis after propensity score matching. A: Moderately differentiated gastric cancer (GC) patients 3 years postoperatively log odds of positive lymph nodes (LODDS) 1 vs LODDS2; B: Moderately differentiated GC patients 3 years postoperatively N1 + N2 vs N3a + N3b; C: Moderately differentiated GC patients 3-5 years postoperatively LODDS1 vs LODDS2; D: Moderately differentiated GC patients 3-5 years postoperatively N1 + N2 vs N3a + N3b; E: Poorly differentiated GC patients 3 years postoperatively LODDS1 vs LODDS2; F: Poorly differentiated GC patients 3 years after surgery N1 + N2 vs N3a + N3b; G: Poorly differentiated GC patients 3-5 years after surgery LODDS1 vs LODDS2; H: Poorly differentiated GC patients 3-5 years after surgery N1 + N2 vs N3a + N3b. LODDS: Log odds of positive lymph nodes.
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Figure 2 Box plots of the log odds of positive lymph nodes according to clinical features. A: Age; B: Pathological type; C: Differentiation; D: Body mass index; E: Nerve invasion; F: Vascular tumor thrombus; G: Recurrence or metastasis; H: Pathological tumor-node-metastasis. aP < 0.05; bP < 0.01; cP < 0.005; dP < 0.001. LODDS: Log odds of positive lymph nodes; pTNM: Pathological tumor-node-metastasis; MGC: Mucinous gastric adenocarcinoma; NMGC: Non-mucinous gastric adenocarcinoma; BMI: Body mass index; ns: Not significant.
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Figure 3 Scatterplot of the correlation of log odds of positive lymph nodes with tumor markers. A: Carbohydrate antigen (CA) 19-9; B: Carcinoembryonic antigen; C: CA242; D: CA72-4; E: CA125; F: Alpha-fetoprotein. LODDS: Log odds of positive lymph nodes; CA: Carbohydrate antigen; CEA: Carcinoembryonic antigen; AFP: Alpha-fetoprotein.
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[bookmark: OLE_LINK12801][bookmark: OLE_LINK12800][bookmark: OLE_LINK12803][bookmark: OLE_LINK12802]Figure 4 Construction of a nomogram model to predict the prognosis of gastric cancer patients based on log odds of positive lymph nodes, tumor differentiation, and other independent risk factors. A: Nomogram; B: Calibration curve of the nomogram; C: Receiver operating characteristic curves for the nomogram and pathological tumor-node-metastasis staging systems; D: Kaplan–Meier curve of overall survival for the high-risk and low-risk groups based on the nomogram; E: Decision curve analysis comparing the nomogram with the pathological tumor-node-metastasis staging system. (P < 0.005). LODDS: Log odds of positive lymph nodes; CA: Carbohydrate antigen; CEA: Carcinoembryonic antigen; pTNM: Pathological tumor-node-metastasis; OS: Overall survival; ROC: Receiver operating characteristic; AUC: Area under the curve.

Table 1 Univariate and multivariate Cox regression analyses of overall survival prognostic factors in 2103 gastric cancer patients
	Patient characteristics
	Univariate analysis
	Multivariate analysis

	
	HR (95%CI)
	P value
	HR (95%CI)
	P value

	Sex
	Female
	Reference
	-
	-
	-

	
	Male
	1.200 (0.998-1.444)
	0.052
	-
	-

	Age
	< 60
	Reference
	-
	Reference
	-

	
	≥ 60
	1.390 (1.214-1.591)
	< 0.001
	1.409 (1.198-1.657)
	< 0.001

	BMI
	Normal
	Reference
	-
	Reference
	-

	
	Low
	1.406 (1.118-1.768)
	0.004
	1.018 (0.705-1.470)
	0.927

	
	High
	0.810 (0.677-0.971)
	0.022
	0.843 (0.556-1.279)
	0.422

	Family history
	No
	Reference
	-
	-
	-

	
	Yes
	1.034 (0.957-1.118)
	0.398
	-
	-

	Smoking history
	No
	Reference
	-
	-
	-

	
	Yes
	1.104 (0.952-1.279)
	0.191
	-
	-

	Drinking history
	No
	Reference
	-
	Reference
	-

	
	Yes
	1.220 (1.044-1.425)
	0.012
	1.144 (0.970-1.350)
	0.110

	Surgery methods
	Open
	Reference
	-
	Reference
	-

	
	Laparoscopy
	0.531 (0.384-0.739)
	< 0.001
	0.655 (0.473-0.907)
	0.011

	Pathological type
	NMGC
	Reference
	-
	-
	-

	
	MGC
	1.163 (0.857-1.578)
	0.322
	-
	-

	Vascular tumor thrombus
	No
	Reference
	-
	Reference
	-

	
	Yes
	1.435 (1.222-1.684)
	< 0.001
	1.031 (0.871-1.221)
	0.722

	Nerve invasion
	No
	Reference
	-
	Reference
	-

	
	Yes
	1.540 (1.312-1.808)
	< 0.001
	1.079 (0.912-1.277)
	0.374

	Differentiation
	Moderate
	Reference
	-
	Reference
	-

	
	Poor
	1.344 (1.158-1.599)
	< 0.001
	1.268 (1.086-1.479)
	0.003

	NPLN
	NPLN1
	Reference
	-
	Reference
	-

	
	NPLN2
	2.472 (2.122-2.879)
	< 0.001
	1.466 (1.161-1.851)
	0.001

	NTLN
	NTLN1
	Reference
	-
	Reference
	-

	
	NTLN2
	1.200 (1.026-1.404)
	0.024
	1.073 (0.909-1.267)
	0.404

	LNR
	LNR1
	Reference
	-
	Reference
	-

	
	LNR2
	2.573 (2.184-3.032)
	< 0.001
	1.485 (1.157-1.906)
	0.002

	LODDS
	LODDS1
	Reference
	-
	Reference
	-

	
	LODDS2
	2.569 (2.174-3.036)
	< 0.001
	1.515 (1.185-1.938)
	< 0.001

	pN
	N1 + N2
	Reference
	-
	Reference
	-

	
	N3a + N3b
	2.364 (2.0382.742)
	< 0.001
	1.431 (1.163-1.760)
	< 0.001

	pTNM
	[bookmark: _Hlk109923828][bookmark: _Hlk109915256]I
	Reference
	-
	Reference
	-

	
	II
	2.747 (0.984-7.669)
	0.054
	2.159 (0.770-6.053)
	0.143

	
	III
	8.922 (3.339-23.842)
	< 0.001
	4.238 (1.558-11.527)
	0.005

	Recurrence or metastasis
	No
	Reference
	-
	Reference
	-

	
	Yes
	2.202 (1.800-2.694)
	< 0.001
	1.792 (1.458-2.201)
	< 0.001

	CA19-9
	Low
	Reference
	-
	Reference
	-

	
	High
	1.819 (1.558-2.123)
	< 0.001
	1.480 (1.213-1.804)
	< 0.001

	CA125
	Low
	Reference
	-
	Reference
	-

	
	High
	1.607 (1.239-2.084)
	< 0.001
	1.718 (1.399-2.109)
	< 0.001

	AFP
	Low
	Reference
	-
	Reference
	-

	
	High
	1.536 (1.177-2.004)
	0.002
	1.289 (1.015-1.638)
	0.038

	CA242
	Low
	Reference
	-
	Reference
	-

	
	High
	1.788 (1.515-2.110)
	< 0.001
	1.123 (0.908-1.390)
	< 0.284

	CA72-4
	Low
	Reference
	-
	Reference
	-

	
	High
	1.415 (1.195-1.674)
	< 0.001
	1.400 (1.209-1.622)
	< 0.001

	CEA
	Low
	Reference
	-
	Reference
	-

	
	High
	1.327 (1.179-1.482)
	< 0.001
	1.430 (1.238-1.653)
	< 0.001


CI: Confidence interval; HR: Hazard ratio; BMI: Body mass index; MGC: Mucinous gastric adenocarcinoma; NMGC: Non-mucinous gastric adenocarcinoma; pTNM: Pathological tumor-node-metastasis; NPLN: Number of positive lymph nodes; NTLN: Number of total lymph nodes; LNR: Lymph node ratio; LODDS: Log odds of positive lymph nodes; pN: American Joint Committee on Cancer pathologic N stage; CA: Carbohydrate antigen; AFP: Alpha-fetoprotein; CEA: Carcinoembryonic antigen.

Table 2 Baseline characteristics of patients according to the log odds of positive lymph nodes score before and after propensity score matching, n (%)
	Patient characteristics
	Raw cohort
	PSM cohort

	
	LODDS1 (n = 928)
	LODDS2 (n = 1175)
	P value
	LODDS1 (n = 736)
	LODDS2 (n = 736)
	P value

	Sex
	-
	-
	0.196
	-
	-
	0.050

	Male
	732 (78.9)
	899 (76.5)
	-
	580 (78.8)
	564 (76.6)
	-

	Female
	196 (21.1)
	276 (23.5)
	-
	156 (21.2)
	172 (23.4)
	-

	Age
	-
	-
	0.041
	-
	-
	0.764

	< 60
	320 (34.5)
	456 (38.8)
	-
	263 (35.7)
	284 (38.6)
	-

	≥ 60
	608 (65.5)
	719 (61.2)
	-
	473 (64.3)
	452 (61.4)
	-

	BMI
	-
	-
	0.072
	-
	-
	0.934

	Low
	81 (8.7)
	115 (9.8)
	-
	67 (9.1)
	72 (9.7)
	-

	Normal
	623 (67.1)
	737 (62.7)
	-
	489 (66.4)
	486 (66.0)
	-

	High
	224 (24.2)
	323 (27.5)
	-
	180 (24.5)
	17824.3)
	-

	Family history
	-
	-
	0.428
	-
	-
	0.183

	No
	607 (65.5)
	749 (63.7)
	-
	479 (65.1)
	464 (63.0)
	-

	Yes
	321 (34.5)
	426 (36.3)
	-
	257 (34.9)
	272 (37.0)
	-

	Smoking history
	-
	-
	0.157
	-
	-
	0.780

	No
	483 (52.0)
	648 (55.1)
	-
	391 (53.1)
	395 (53.7)
	-

	Yes
	445 (48.0)
	527 (44.9)
	-
	345 (46.9)
	341 (46.3)
	-

	Drinking history
	-
	-
	0.259
	-
	-
	0.619

	No
	650 (70.0)
	796 (67.7)
	-
	514 (69.8)
	521 (70.8)
	-

	Yes
	278 (30.0)
	379 (32.3)
	-
	222 (30.2)
	215 (29.2)
	-

	Surgery method
	-
	-
	< 0.001
	-
	-
	0.090

	Open
	786 (84.7)
	1080 (91.9)
	-
	662 (89.9)
	646 (87.8)
	-

	Laparoscopy
	142 (15.3)
	95 (8.1)
	-
	74 (10.1)
	90 (12.2)
	-

	Pathological type
	-
	-
	0.042
	-
	-
	0.721

	MGC
	49 (5.3)
	88 (7.5)
	-
	47 (6.4)
	50 (6.8)
	-

	NMGC
	879 (94.7)
	1087 (92.5)
	-
	669 (93.6)
	686 (93.2)
	-

	Nerve invasion
	-
	-
	< 0.001
	-
	-
	0.164

	No
	469 (50.5)
	357 (30.4)
	
	326 (44.3)
	311 (42.3)
	-

	Yes
	459 (49.5)
	818 (69.6)
	
	410 (55.7)
	425 (57.7)
	-

	Vascular tumor thrombus
	-
	-
	< 0.001
	-
	-
	0.177

	No
	478 (51.5)
	308 (26.2)
	-
	316 (42.9)
	283 (38.5)
	-

	Yes
	450 (48.5)
	867 (73.8)
	-
	420 (57.1)
	453 (61.5)
	-

	pTNM
	-
	-
	< 0.001
	-
	-
	0.086

	I
	72 (7.8)
	6 (0.5)
	-
	25 (3.4)
	6 (0.8)
	-

	II
	241 (26.0)
	72 (6.1)
	-
	173 (23.5)
	63 (8.6)
	-

	III
	615 (66.3)
	1097 (93.4)
	-
	538 (73.1)
	667 (90.6)
	-

	CEA
	-
	-
	< 0.001
	-
	-
	0.176

	Low
	731 (79.1)
	840 (71,5)
	-
	575 (78.1)
	508 (69.0)
	-

	High
	194 (20.9)
	335 (28.5)
	-
	161 (21.9)
	228 (31.0)
	-

	AFP
	-
	-
	0.296
	-
	-
	0.110

	Low
	873 (94.1)
	1092 (92.9)
	
	694 (94.3)
	685 (93.1)
	-

	High
	55 (5.9)
	83 (7.1)
	
	42 (5.7)
	51 (6.9)
	-

	CA19-9
	-
	-
	< 0.001
	-
	-
	0.051

	Low
	732 (78.9)
	793 (67.5)
	-
	563 (76.5)
	504 (68.5)
	-

	High
	196 (21.1)
	382 (32.5)
	-
	173 (23.5)
	232 (31.5)
	-

	CA72-4
	-
	-
	< 0.001
	-
	-
	0.408

	Low
	760 (81.9)
	881 (75.0)
	-
	594 (80.7)
	564 (76.6)
	-

	High
	168 (18.1)
	294 (25.0)
	-
	142 (19.3)
	172 (23.4)
	-

	CA125
	-
	-
	0.053
	-
	-
	0.956

	Low
	878 (94.6)
	1087 (92.5)
	-
	695 (94.4)
	685 (93.1)
	-

	High
	50 (5.4)
	88 (7.5)
	-
	41 (5.6)
	51 (6.9)
	-

	CA242
	-
	-
	< 0.001
	-
	-
	0.120

	Low
	782 (84.3)
	878 (74.7)
	-
	603 (81.9)
	555 (75.4)
	-

	High
	146 (15.7)
	297 (25.3)
	-
	133 (18.1)
	181 (24.6)
	-

	Differentiation
	-
	-
	< 0.001
	-
	-
	-

	Well
	9 (1.0)
	6 (0.6)
	-
	-
	-
	-

	Moderate
	629 (67.7)
	655 (55.7)
	-
	-
	-
	-

	Poor
	290 (31.3)
	514 (43.7)
	-
	-
	-
	-

	NPLN
	-
	-
	< 0.001
	-
	-
	-

	NPLN1
	892 (96.1)
	272 (23.1)
	< 0.001
	-
	-
	-

	NPLN2
	36 (3.9)
	903 (76.90)
	-
	-
	-
	-

	NTLN
	-
	-
	0.014
	-
	-
	-

	NTLN1
	613 (66.1)
	835 (71.1)
	-
	-
	-
	-

	NTLN2
	315 (33.9)
	340 (28.9)
	-
	-
	-
	-

	LNR

	LNR1
	928 (100)
	0
	< 0.001
	-
	-
	-

	LNR2
	0
	1175 (100)
	-
	-
	-
	-

	pN
	-
	-
	< 0.001
	-
	-
	-

	N1+N2
	603 (65.0)
	22 (1.9)
	-
	-
	-
	-

	N3a+N3b
	325 (35.0)
	1153 (98.1)
	-
	-
	-
	-


PSM: Propensity score matching; BMI: Body mass index; MGC: Mucinous gastric adenocarcinoma; NMGC: Non-mucinous gastric adenocarcinoma; pTNM: Pathological tumor-node-metastasis; NPLN: Number of positive lymph nodes; NTLN: Number of total lymph nodes; LNR: Lymph node ratio; LODDS: Log odds of positive lymph nodes; pN: American Joint Committee on Cancer pathologic N stage; CA: Carbohydrate antigen; AFP: Alpha-fetoprotein; CEA: Carcinoembryonic antigen.

Table 3 Comparison of the prediction performance of different staging systems
	[bookmark: _Hlk195195043]Poor
	AIC
	BIC
	C-index
	Linear trend χ2 score

	LODDS
	16.512
	25.891
	0.607
	45.074

	pN
	16.706
	26.086
	0.604
	41.386

	LNR
	16.548
	25.927
	0.605
	37.060

	NPLN
	16.661
	26.040
	0.606
	38.398

	Moderate
	AIC
	BIC
	C-index
	[bookmark: _Hlk195203820]Linear trend χ2 score

	LODDS
	17.308
	27.622
	0.651
	107.014

	pN
	17.350
	27.664
	0.623
	97.529

	LNR
	17.317
	27.631
	0.646
	121.010

	NPLN
	17.367
	27.681
	0.640
	117.545


[bookmark: _Hlk198706832][bookmark: _Hlk198706848]AIC: Akaike information criterion; BIC: Bayesian information criterion; C-index: Concordance index; LODDS: Log odds of positive lymph nodes; pN: American Joint Committee on Cancer pathologic N stage; LNR: Lymph node ratio; NPLN: Number of positive lymph nodes.
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