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Background

Lymph node metastasis is one of the most important prognostic factors of gastric cancer. However, the effect of germinal centers in lymph nodes on the prognosis of patients with gastric cancer has not been reported. This study aimed to investigate the contribution of germinal center generation to prognostic parameters and clinicopathological significance in gastric cancer.





Methods

We retrospectively reviewed gastric cancer patients who underwent surgery from October 2012 to June 2022. We analyzed 5484 lymph nodes (210 patients) and calculated the lymph node metastasis rate (LNMR) and the proportion of non-metastatic lymph nodes containing three or more germinal centers (NML-GCP).





Results

Using a grading system that incorporated LNMR and NML-GCP. The tumors were classified into three groups based on this system, which was found to be significantly associated with prognosis. The TNM stage and grading system of lymph node status were independent risk factors for overall survival (OS) and disease-free survival (DFS). The 5-year OS rates for patients with advanced gastric cancer were 85.07% (n=50), 58.34% (n=42), and 24.44% (n=21) for Grades 1, 2, and 3, respectively (p<0.0001). The 5-year DFS rates were 65.32% (n=58), 40.85% (n=51), and 5.88% (n=34), respectively (p<0.0001). Patients with Grade 1 advanced gastric cancer had higher 5-year OS and DFS rates compared to those with Grade 2 or 3 in TNM stage II and III. Furthermore, the 5-year OS and DFS rates differed significantly among patients with different grades of advanced gastric cancer who received chemotherapy (p<0.0001).





Conclusion

These findings suggest that the grading system may be valuable for predicting prognosis and guiding clinical management in patients with gastric cancer, and provides good prognostic stratification for OS and DFS in patients with TNM stage II and III.
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1 Introduction

Gastric cancer is a highly malignant disease and one of the leading causes of cancer-related deaths worldwide (1, 2). Due to its insidious onset and rapid progression, most patients with gastric cancer are diagnosed at an advanced stage, which affects their prognosis. However, early-stage gastric cancer has a good prognosis, with a 5-year survival rate of over 90% (3). Treatment for advanced gastric cancer usually includes a combination of surgery, adjuvant chemoradiotherapy, molecular-targeted therapy, and immunotherapy (4). In China, chemotherapy is the conventional treatment for advanced gastric cancer, and common chemotherapeutic drugs include fluorouracil/capecitabine, taxanes (paclitaxel or docetaxel), platinum-based drugs, or a combination of these drugs.

Lymph node metastasis is a critical factor in determining the prognosis of gastric cancer (5). Germinal centers are microstructures that form within secondary lymphoid tissues in response to certain types of immunization and foreign pathogens (6). A mature germinal center consists of two compartments: a dark zone and a light zone. The relationship between the generation of germinal centers in lymph nodes and the prognosis of gastric cancer is not well understood. Therefore, this study aimed to investigate the contribution of germinal center generation to prognostic parameters and clinicopathological significance in gastric cancer. Does the production of germinal centers indicate an enhanced anti-tumor response in the body?

The study also aimed to establish a lymph node status score, analyze its relationship with clinical factors, and determine its impact on treatment. Lymph node status is an essential factor in determining the prognosis and treatment of gastric cancer patients. The number of lymph nodes involved and the extent of lymph node metastasis can influence the choice of surgical procedure and the need for adjuvant therapy.

In conclusion, the generation of germinal centers in lymph nodes may have implications for the immune response to tumors, but more research is needed to determine its role in the prognosis and treatment of gastric cancer. The establishment of a lymph node status score and its relationship with clinical factors can provide valuable information for managing and treating gastric cancer patients.




2 Materials and methods



2.1 Lymph node assessment

A total of 210 cases of gastric cancer were collected from the Shanghai General Hospital, Shanghai Jiao Tong University School of Medicine between October 2012 and June 2022. Ethical approval was obtained from an ethical review board. Tumor and lymph node specimens were fixed in 4% neutralized formaldehyde, embedded in paraffin, sectioned into 4-μm slices, and stained with hematoxylin and eosin. The staging of each gastric cancer was evaluated according to the eighth edition of the TNM staging guidelines. Two independent observers (X. -M. Zhang and L. -J. Song) evaluated all sections. The number of lymph nodes containing germinal centers was calculated (Figures 1A–D; median, 3; mean, 6.45; range, 0-141; the total number of lymph nodes, 5484), and the presence of ≥3 lymph follicles containing germinal centers in lymph nodes was considered positive. The positive proportion of germinal centers in lymph nodes was evaluated in each gastric cancer case, and the proportion of metastatic tumor deposits in lymph nodes was also assessed.




Figure 1 | Hematoxylin and eosin (H&E) staining of lymph nodes with and without metastasis. (A) H&E-stained lymph node without metastasis, with germinal centers indicated by an arrow. (B) Enlargement of the black rectangular profile in panel (A), showing a closer view of the germinal center. (C) H&E-stained lymph node with metastasis, with germinal centers indicated by an arrow and metastatic tumor tissues highlighted by a blue rectangle. (D) Enlargement of the black rectangular profile in panel (C) showing a closer view of the germinal center.






2.2 Study design and patients

We excluded 30 patients without 3-year disease-free survival (DFS) data and 12 cases with fewer than 10 lymph node evaluations, leaving 168 patients for analysis. Of these, 137 had overall survival (OS) data, with 124 receiving postoperative chemotherapy, 29 not receiving chemotherapy, and 15 with unknown treatment status.




2.3 Statistical analysis

We compared categorical variables using the exact chi-square test and continuous variables using the independent sample t-test, Mann-Whitney U test, and One-Way ANOVA. We used univariate and multivariate analyses to identify factors related to gastric cancer prognosis. All variables that were statistically significant in univariate analysis (p<0.05) were included in a multivariable Cox proportional hazards regression model (Cox regression, parameter, forward: LR). We analyzed DFS and OS using standard Kaplan–Meier analysis with a log-rank test. Statistical significance was set at a two-tailed p-value <0.05. We performed statistical analyses using SPSS, version 26.0 software (IBM Corporation, Armonk, NY, USA).





3 Results



3.1 Association between the germinal centers and metastatic tumor deposits in lymph nodes

In this study, the association between germinal centers and metastatic tumor deposits in lymph nodes was investigated. The authors analyzed 5484 lymph nodes, of which 1325 had metastases. The median value of germinal centers in the metastatic lymph nodes was 4, with a mean value of 8.14 and a range of 0-121. In contrast, the median value of germinal centers in 4159 non-metastatic lymph nodes was 3, with a mean value of 5.91 and a range of 0-141. The percentage of tumor deposits in metastatic lymph nodes was divided into 10 groups, and there was no difference among groups <10%, 10-20%, 20-30%, 30-40%, and 40-50%. Additionally, there was no difference among groups 50-60%, 60-70%, 70-80%, and 80-90% according to One-way ANOVA analysis (p>0.05, Supplementary Table 1). Therefore, the tumor deposits were further divided into three groups: <50%, 50-90%, and ≥90%. The authors found that the mean number of germinal centers in metastatic lymph nodes in the <50% group was 11.38, while it was 7.95 and 2.17 in the 50-90% and ≥90% groups, respectively. Significant differences were found among all three groups (p<0.0001, Figure 2A). The authors observed that as the proportion of tumor deposition increased, the number of germinal centers decreased. However, there was no significant difference in the number of germinal centers in lymph nodes with tumor deposition proportion <50%. The authors also compared the number of germinal centers in metastatic lymph nodes with tumor deposition <50% (mean value, 11.38; median value, 6) with that in the non-metastatic lymph node group (mean value, 5.91; median value, 3). The results showed a significant difference between the two groups (p<0.0001, Figure 2A), suggesting that tumors may stimulate the immune response of patients. Nonetheless, as the proportion of tumor deposition increased (≥50%), the germinal centers decreased due to tumor encroachment.




Figure 2 | Lymph node grading system predicts survival in advanced gastric cancer. (A) Association between germinal centers and metastatic tumor deposits in lymph nodes. (B) Development of a grading system incorporating LNMR and NML-GCP. Tumors with high LNMR (>30%) were assigned a score of 1, while those with low LNMR (≤30%) were assigned a score of 0. Similarly, tumors with high NML-GCP (>50%) were assigned a score of 0, while those with low NML-GCP (≤50%) were assigned a score of 1. The scoring system for lymph node status was then graded as 0 (grade 1), 1 (grade 2), or 2 (grade 3) for each tumor. Kaplan–Meier curves show OS (C) and DFS (D) in patients with early-stage and advanced-stage (C, p=0.001; D, p<0.0001). Kaplan–Meier curves show OS (E) and DFS (F) in advanced gastric cancer patients with the Grade 1, 2, and 3 (E, p<0.0001; F, p<0.0001). Kaplan–Meier curves show OS (G) and DFS (H) in advanced gastric cancer patients with the TNM stages I, II, III, and IV (G, p<0.0001; H, p<0.0001). LNMR, the lymph node metastasis rate; NML-GCP, the proportion of lymph nodes containing germinal centers (≥3) in non-metastatic lymph nodes. OS, overall survival; DFS, disease-free survival.






3.2 Clinicopathologic data

A total of 168 patients with primary gastric cancer underwent surgical resection and were included in the investigation. Male predominance was observed (male/female=120:48). The age of the patients ranged from 27 to 87 years (mean age, 61.2; median age, 61 years), and the median long diameter of the tumor was 4.5 cm (mean value, 4.58; range, 0.5–14 cm). Patients were divided into four groups based on tumor location: upper third (U, n=25), middle third (M, n=39), lower third (L, n=94), and other locations (U/M or M/L, n=10). Surgical method was categorized as total gastrectomy (n=45), proximal gastrectomy (n=7), and distal gastrectomy (n=116). The extent of lymph node dissection was classified as D0 (n=151), D1 (n=5), D1+ (n=11), or D2 (n=1) (7). According to the eighth edition of the TNM staging guidelines, the patients were divided into stages I (n=35), II (n=39), III (n=87), and IV (n=7). Among the 168 patients, 67.86% (114/168) had lymph node metastasis. The lymph node metastasis rate (LNMR) ranged from 2.86% to 100% (mean value, 33.36%; median value, 26.97%) in the 114 cases of lymph node metastasis. One case had a lymph node metastasis rate of 100%. Based on the cutoff point of 30%, the patients were divided into two groups (high and low LNMR).

The proportion of lymph nodes containing germinal centers (≥3) in non-metastatic lymph nodes (NML-GCP) was evaluated in each gastric cancer case (n=167, one case without non-metastatic lymph nodes). The median NML-GCP was 53.85% (mean value, 50.48%; range, 0-96.77%). Based on the cutoff point of 50%, the patients were divided into two groups (high and low NML-GCP).

Table 1 summarizes the associations between LNMR, NML-GCP, and the clinicopathological features. The results indicate that LNMR was significantly associated with sex (p=0.017), tumor long diameter (p<0.0001), tumor differentiation (p=0.009), TNM stage (p<0.0001), depth of tumor invasion (p<0.0001), prognosis (p<0.0001), and recurrence and metastasis (p<0.0001). However, there were no significant differences between LNMR and age, tumor location, surgical method, and the extent of lymph node dissection (p>0.05). On the other hand, NML-GCP was significantly related to surgical method (p=0.045), TNM stage (p=0.046), depth of tumor invasion (p=0.002), prognosis (p<0.0001), and recurrence and metastasis (p=0.046), but there were no significant differences between NML-GCP and sex, age, tumor long diameter, tumor differentiation, tumor location, the extent of lymph node dissection, and lymph node metastasis (p>0.05).


Table 1 | Relationship between LNMR, NML-GCP, and the clinicopathological features.






3.3 Association between the clinicopathological features and lymph node status

We categorized tumors based on their lymph node status using a scoring system that incorporated LNMR and NML-GCP (Figure 2B). Tumors with high LNMR (>30%) were assigned a score of 1, while those with low LNMR (≤30%) were assigned a score of 0. Similarly, tumors with high NML-GCP (>50%) were assigned a score of 0, while those with low NML-GCP (≤50%) were assigned a score of 1. The scoring system for lymph node status was then graded as 0 (grade 1), 1 (grade 2), or 2 (grade 3) for each tumor.

The associations between the grading of lymph node status and clinicopathological features are presented in Table 2. Tumors with grade 3 lymph node status were significantly associated with tumor long diameter (p=0.001), tumor differentiation (p=0.002), TNM stage (p<0.0001), depth of tumor invasion (p<0.0001), prognosis (p<0.0001), recurrence and metastasis (p<0.0001), and lymph node metastasis (p<0.0001). However, no significant differences were observed between the grading system and sex, age, tumor location, surgical method, or extent of lymph node dissection (p>0.05).


Table 2 | Relationship between grading of lymph nodes status and clinicopathological features.






3.4 Association between the clinicopathological features and prognosis

In this study, we divided patients into two groups based on the depth of tumor invasion: early stage (T1) and advanced stage (T2-4). The 5-year OS rates for gastric cancer patients with early stage, and advanced stage were 100% (n=24), and 64.20% (n=113), respectively (p=0.001, Figure 2C), whereas the 5-year DFS rates were 92% (n=25), and 42.07% (n=143), respectively (p<0.0001, Figure 2D).

Univariate analysis showed that tumor long diameter (≤4.5 vs. >4.5 cm; OS, p=0.035; DFS, p=0.031), TNM stage (I, II, III, and IV; OS, p<0.0001; DFS, p<0.0001), depth of tumor invasion (T2, T3, and T4; OS, p=0.001; DFS, p<0.0001), lymph node metastasis (negative vs. positive; OS, p=0.050; DFS, p=0.004), recurrence and distant metastasis (no vs. yes; OS, p<0.0001; DFS, p<0.0001), LNMR (≤30% vs. >30%; OS, p<0.0001; DFS, p<0.0001), NML-GCP (≤50% vs. >50%; OS, p<0.0001; DFS, p<0.0001), and grading system of lymph node status (Grade 1, 2 and 3; OS, p<0.0001; DFS, p<0.0001) significantly influenced OS and DFS in patients with advanced gastric cancers (Table 3).


Table 3 | Univariate analyses for OS and DFS among patients with advanced gastric cancer.



The TMN stage consists of the depth of tumor invasion, lymph node metastasis, and distant metastasis; and the grading system includes LNMR and NML-GCP, so tumor long diameter, the TMN stage, and the grading system were included in multivariate analysis. Multivariate analysis revealed that the TNM stage (OS, p=0.001; DFS, p<0.0001, Table 4) and grading system of lymph node status (OS, p=0.001; DFS, p=0.003) remained significantly associated with OS and DFS in the multivariate analysis model. The median follow-up times for advanced gastric cancer patients with the Grade 1, 2, and 3 were 80.5, 67.5, and 19 months, respectively. The 5-year OS rates for advanced gastric cancer patients with the Grade 1, 2, and 3 were 85.07% (n=50), 58.34% (n=42), and 24.44% (n=21), respectively (p<0.0001, Figure 2E), whereas the 5-year DFS rates were 65.32% (n=58), 40.85% (n=51), and 5.88% (n=34), respectively (p<0.0001, Figure 2F). The 5-year OS rates for patients with TNM stage I, II, III, and IV gastric cancer were 90.00% (n=10), 85.41% (n=35), 51.29% (n=61), and 21.43% (n=7), respectively (p<0.0001, Figure 2G). The corresponding 5-year DFS rates were 81.82% (n=11), 68.64% (n=39), 28.76% (n=86), and 0% (n=7), respectively (p<0.0001, Figure 2H).


Table 4 | Multivariate Cox proportional hazard analysis for OS and DFS among patients with advanced gastric cancers.



The 5-year OS rates for Grade 1, and 2 advanced gastric cancer patients with TNM stage II were 95.83% (n=24), and 63.64% (n=11), respectively (p=0.011; Grade 3, n=0; Figure 3A), whereas the 5-year DFS rates were 80.77% (n=26), and 46.15% (n=13), respectively (p=0.025, Figure 3B). The 5-year OS rates for Grade 1, 2, and 3 advanced gastric cancer patients with TNM stage III were 77.38% (n=15), 51.31% (n=28), and 28.52% (n=18), respectively (p=0.016, Figure 3C), whereas the 5-year DFS rates were 50% (n=20), 36.73% (n=35), and 6.45% (n=31), respectively (p=0.002, Figure 3D). For advanced gastric cancer patients with TNM stage IV, the OS rates were 33.33% (1/3), 0% (1/1), and 0% (3/3) for Grade 1, 2, and 3, respectively (p=0.025), whereas the DFS rates were 0% (3/3), 0% (1/1), and 0% (3/3), respectively (p, not applicable). No differences were found between Grade 1, and 2 for OS and DFS in advanced gastric cancer patients with TNM stage I (p>0.05; Grade 3, n=0).




Figure 3 | Kaplan-Meier analyses of OS and DFS in advanced-stage gastric cancer patients: impact of TNM stage, Grade, and chemotherapy. Kaplan–Meier curves show OS (A) and DFS (B) for Grade 1, and 2 advanced gastric cancer patients with TNM stage II (A, p=0.011; B, p=0.025). Kaplan–Meier curves show OS (C) and DFS (D) for Grade 1, 2, and 3 advanced gastric cancer patients with TNM stage III (C, p=0.016; D, p=0.002). (E) Five-year OS and DFS rates for patients in advanced-stage gastric cancer with TNM stages I, II, III, and IV, with and without chemotherapy. Kaplan–Meier curves show OS (F) and DFS (G) for Grade 1, 2, and 3 advanced gastric cancer patients with chemotherapy (F, p<0.0001; G, p<0.0001). OS, overall survival; DFS, disease-free survival.






3.5 Association between grading system of lymph node status and chemotherapy sensitivity in patients with advanced gastric cancer

A total of 143 patients with advanced gastric cancer were included, with 115 patients receiving postoperative chemotherapy, 16 not receiving chemotherapy, and 12 having unknown treatment status. The 5-year OS rates for patients with and without chemotherapy were 72.43% (n=86) and 66% (n=15), respectively (p=0.386), whereas the 5-year DFS rates were 45.62% (n=115) and 43.75% (n=16), respectively (p=0.807). In patients with advanced gastric cancer, those with TNM stage I who received chemotherapy had a significantly higher 5-year DFS rate (100%) compared to those who did not receive chemotherapy (50%, p=0.046, Figure 3E), but there were no significant differences between the two groups in OS (p, not applicable). Among patients with advanced gastric cancer, those with TNM stage II who received chemotherapy had a significantly higher 5-year OS rate (100%) compared to those who did not receive chemotherapy (62.50%, p=0.002), but there were no significant differences between the two groups in DFS (p>0.05). There were no significant differences in OS and DFS between patients who did and did not receive chemotherapy for advanced gastric cancer with TNM stages III, and IV (p>0.05).

Furthermore, we found that the 5-year OS and DFS rates were significantly different among patients with different grades of advanced gastric cancer who received chemotherapy. The 5-year OS rates for patients with Grade 1, 2, and 3 were 92.43% (n=41), 69.35%, (n=27), and 29.18% (n=18), respectively (p<0.0001, Figure 3F), whereas the 5-year DFS rates were 68.75% (n=48), 49.85% (n=36), and 6.45% (n=31), respectively (p<0.0001, Figure 3G). These findings suggest that patients with Grade 1 advanced gastric cancer may be more sensitive to chemotherapy than those with Grade 2 or 3.





4 Discussion

Most patients diagnosed with gastric cancer are already at an advanced stage due to the insidious onset and rapid progression of the disease. Lymph node metastasis is a critical prognostic factor for gastric cancer (8). Currently, research on lymph nodes in gastric cancer focuses on lymph node metastasis and the rate of metastatic lymph nodes. Germinal centers are specialized microstructures that form in secondary lymphoid tissues, producing long-lived antibody-secreting plasma and memory B cells, which can provide protection against reinfection (9, 10). However, the effect of germinal centers in lymph nodes on the prognosis of patients with gastric cancer has not been reported. The authors observed that the median value of germinal centers in metastatic lymph nodes with tumor deposition less than 50% was 6 (mean value, 11.38), while the non-metastatic lymph node group had a median value of 3 (mean value, 5.91). The results showed a significant difference between the two groups (p<0.0001, Figure 2A), suggesting that tumors may stimulate the immune response of patients. However, as the proportion of tumor deposition increased (50% or more), the germinal centers decreased due to tumor encroachment.

In this study, tumors were categorized based on their lymph node status using a scoring system that incorporated LNMR and NML-GCP (Figure 2B). The scoring system for lymph node status was then graded as 0 (grade 1), 1 (grade 2), or 2 (grade 3) for each tumor. Multivariate analysis revealed that the TNM stage and grading system of lymph node status were independent risk factors for OS and DFS in patients with advanced gastric cancer. The median follow-up times for advanced gastric cancer patients with Grade 1, 2, and 3 were 80.5, 67.5, and 19 months, respectively. It suggest that patients with Grade 1 lymph node status have a favorable prognosis, characterized by low LNMR and high NML-GCP. The central role of CD8+ T cells in mediating antitumor immunity is well accepted (11). These cytotoxic T cells kill malignant cells by releasing inflammatory cytokines and cell lytic molecules, such as perforin and granzyme (12). Recent studies have also shown the association of B cells with anti-tumor immunity. These B cells are often organized into tertiary lymphoid structures (TLS), which are immune cell aggregates with lymph node-like features (germinal centers). TLS is proposed to establish a localized and sustained immune response, and B cells in TLS actively secrete antibodies that recognize tumor-associated antigens (13). TLS can be used to evaluate tumor immune surveillance and is an important prognostic factor for cancers (14–17). Therefore, we speculate that the activated germinal center in lymph nodes may participate in antitumor immunity and inhibit tumor progression by producing B cells.

Currently, prognosis prediction and therapeutic planning for gastric cancer patients depend on the widely used TNM system in clinical practice. The TNM system stratifies patients based on the primary tumor’s depth of invasion, the number of regional lymph nodes with metastasis, and distant metastasis (18–20). In this study, we divided patients into two groups based on the depth of tumor invasion: early stage (T1) and advanced stage (T2-4). The 5-year OS rates for early-stage and advanced-stage gastric cancer patients were significantly different, indicating that early-stage gastric cancer has a more favorable prognosis (Figure 2C). Moreover, we further divided advanced-stage patients into TNM stages I, II, III, and IV, which showed a significant association with OS and DFS in both univariate and multivariate analyses. The 5-year OS rates for Grade 1, and 2 advanced gastric cancer patients with TNM stage II were 95.83% (n=24), and 63.64% (n=11), respectively (p=0.011; Grade 3, n=0; Figure 3A), whereas the 5-year DFS rates were 80.77% (n=26), and 46.15% (n=13), respectively (p=0.025, Figure 3B). For advanced gastric cancer patients with TNM stage III, the 5-year OS rates for Grade 1, 2, and 3 were 77.38%, 51.31%, and 28.52%, respectively (p=0.016, Figure 3C), and the corresponding 5-year DFS rates were 50%, 36.73%, and 6.45%, respectively (p=0.002, Figure 3D). The results of this study suggest that patients with Grade 1 lymph node status have a better prognosis, as indicated by low LNMR and high NML-GCP. Moreover, the grading system for lymph node status is a reliable tool for stratifying the prognoses of both OS and DFS in advanced-stage gastric cancer patients with TNM stage II and III.

In terms of chemotherapy, TNM stage I/II gastric cancer patients had a good prognosis with chemotherapy. However, there were no significant differences between chemotherapy and prognosis in patients with TNM stage III/IV gastric cancer (Figure 3E).

Patients with Grade 1 advanced gastric cancer who underwent chemotherapy had higher 5-year OS and DFS rates compared to those with Grade 2 or 3, indicating that they may be more sensitive to chemotherapy (Figures 3F, G).

However, our study was subject to several limitations. Firstly, we lacked information on the dosage and duration of chemotherapy treatment, and the low rate of preoperative chemotherapy in our sample. Secondly, the paper does not provide any relevant data on whether the amount of germinal center-generated material is caused by pathogens. Furthermore, due to the lack of detailed information on specific lymph node grouping in some cases, the study evaluated all available lymph node sections, but did not analyze them based on lymph node grouping. In future research, we plan to investigate whether the number of germinal centers in different groups of lymph nodes varies.

In conclusion, our findings emphasize the importance of the TNM stage and grading system for lymph node status in the prognosis of advanced-stage gastric cancer. Further studies are needed to investigate the optimal dosage and duration of chemotherapy for these patients.




5 Conclusion

In summary, the TNM staging and lymph node grading systems are independent risk factors for OS and DFS in patients with advanced-stage gastric cancer. The lymph node grading system is a reliable predictor of both OS and DFS in patients with TNM stage II and III disease. Furthermore, patients in the Grade 1 group may benefit from chemotherapy.





Data availability statement

Datasets for this research are available through figshare (https://figshare.com/search?q=10.6084%2Fm9.figshare.23290892) or upon request.





Ethics statement

The studies involving human participants were reviewed and approved by Shanghai General Hospital affiliated to Shanghai Jiao Tong University. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements. The statistical methods of this study were reviewed by our research support center and deemed appropriate for the purpose of this research.





Author contributions

L-JS contributed to the study concepts, study design, data acquisition, quality control of data and algorithms, data analysis and interpretation, statistical analysis, manuscript preparation, manuscript editing, and manuscript review. X-MZ performed the data acquisition and manuscript review. W-WS contributed to the quality control of data and algorithms. All authors contributed to the article and approved the submitted version.





Funding

This work was supported in part by the National Natural Science Foundation of China (NO81972326 W-WS) and Shanghai Jiao Tong University (YG2021QN81 L-JS). The funders had no role in the design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1183784/full#supplementary-material




References

1. Joshi, SS, and Badgwell, BD. Current treatment and recent progress in gastric cancer. CA Cancer J Clin (2021) 71:264–79. doi: 10.3322/caac.21657

2. Li, K, Zhang, A, Li, X, Zhang, H, and Zhao, L. Advances in clinical immunotherapy for gastric cancer. Biochim Biophys Acta Rev Cancer (2021) 1876:188615. doi: 10.1016/j.bbcan.2021.188615

3. Tan, Z. Recent advances in the surgical treatment of advanced gastric cancer: a review. Med Sci Monit (2019) 25:3537–41. doi: 10.12659/MSM.916475

4. Song, Z, Wu, Y, Yang, J, Yang, D, and Fang, X. Progress in the treatment of advanced gastric cancer. Tumour Biol (2017) 39:1010428317714626. doi: 10.1177/1010428317714626

5. Tokgoz, S, and Bugdayci Basal, F. The prognostic effect of metastatic lymph node ratio in operated gastric cancer patients. J Coll Physicians Surg Pak (2020) 30:1035–40. doi: 10.29271/jcpsp.2020.10.1035

6. Huang, C. Germinal center reaction. Adv Exp Med Biol (2020) 1254:47–53. doi: 10.1007/978-981-15-3532-1_4

7. Japanese Gastric Cancer, A. Japanese Gastric cancer treatment guidelines 2014 (ver. 4). Gastric Cancer (2017) 20:1–19. doi: 10.1007/s10120-016-0622-4

8. Giuffrida, M, Viani, L, Iapichino, GG, Cozzani, F, Dell'Abate, P, and Del Rio, P. The metastatic lymph node ratio is a better prognostic factor than the number of metastatic limph node after curative resection for gastric cancer. Acta BioMed (2021) 92:e2021284. doi: 10.23750/abm.v92i5.9682

9. Stebegg, M, Kumar, SD, Silva-Cayetano, A, Fonseca, VR, Linterman, MA, and Graca, L. Regulation of the germinal center response. Front Immunol (2018) 9:2469. doi: 10.3389/fimmu.2018.02469

10. Mintz, MA, and Cyster, JG. T Follicular helper cells in germinal center b cell selection and lymphomagenesis. Immunol Rev (2020) 296:48–61. doi: 10.1111/imr.12860

11. Fu, C, and Jiang, A. Dendritic cells and CD8 T cell immunity in tumor microenvironment. Front Immunol (2018) 9:3059. doi: 10.3389/fimmu.2018.03059

12. Kishton, RJ, Sukumar, M, and Restifo, NP. Metabolic regulation of T cell longevity and function in tumor immunotherapy. Cell Metab (2017) 26:94–109. doi: 10.1016/j.cmet.2017.06.016

13. Engelhard, V, Conejo-Garcia, JR, Ahmed, R, Nelson, BH, Willard-Gallo, K, Bruno, TC, et al. B cells and cancer. Cancer Cell (2021) 39:1293–6. doi: 10.1016/j.ccell.2021.09.007

14. Li, Q, Zhang, D, He, W, Chen, T, Yan, Z, Gao, X, et al. CD8(+) T cells located in tertiary lymphoid structures are associated with improved prognosis in patients with gastric cancer. Oncol Lett (2020) 20:2655–64. doi: 10.3892/ol.2020.11828

15. Dieu-Nosjean, MC, Antoine, M, Danel, C, Heudes, D, Wislez, M, Poulot, V, et al. Long-term survival for patients with non-small-cell lung cancer with intratumoral lymphoid structures. J Clin Oncol (2008) 26:4410–7. doi: 10.1200/JCO.2007.15.0284

16. Goc, J, Fridman, WH, Sautes-Fridman, C, and Dieu-Nosjean, MC. Characteristics of tertiary lymphoid structures in primary cancers. Oncoimmunology (2013) 2:e26836. doi: 10.4161/onci.26836

17. Gunderson, AJ, Rajamanickam, V, Bui, C, Bernard, B, Pucilowska, J, Ballesteros-Merino, C, et al. Germinal center reactions in tertiary lymphoid structures associate with neoantigen burden, humoral immunity and long-term survivorship in pancreatic cancer. Oncoimmunology (2021) 10:1900635. doi: 10.1080/2162402X.2021.1900635

18. Hong, SA, Son, MW, Cho, J, Lee, CH, Jang, SH, Lee, HJ, et al. Prognostic value of fibrosis ratio in metastatic lymph nodes of node-positive advanced gastric cancer. Med (Baltimore) (2018) 97:e9703. doi: 10.1097/MD.0000000000009703

19. Peyroteo, M, Martins, PC, Canotilho, R, Correia, AM, Baia, C, Sousa, A, et al. Impact of the 8th edition of the AJCC TNM classification on gastric cancer prognosis-study of a western cohort. Ecancermedicalscience (2020) 14:1124. doi: 10.3332/ecancer.2020.1124

20. Kumagai, K, and Sano, T. Revised points and disputed matters in the eighth edition of the TNM staging system for gastric cancer. Jpn J Clin Oncol (2021) 51:1024–7. doi: 10.1093/jjco/hyab069




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2023 Zhang, Shen and Song. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc.2023.1183784_cover.jpg
& frontiers | Frontiers in Oncology

Prognostic and predictive values of the
grading system of lymph node status in
patients with advanced-stage gastric cancer





OEBPS/Images/fonc-13-1183784-g002.jpg
Lymph node status

2 150 Score 0 Score 1
£% LNMR Low (€30%)  High (>30%)
gﬁmo NML-GCP High (>50%) Low (£50%), and without NML
(=2}
55
5 50 Grading system: LNMR+NML-GCP
o
€ % Grade 1 Score 0
2t <Grade 2 Score 1
8 o Grade 3 Score 2
%a’i\o <50 50-90 =290 Abbreviations:
«\e\?‘éee Metastatic tumor deposits LNMR, the lymph node metastasis rate;
o ‘\(\0 in lymph nodes (%) NML, non-metastatic lymph nodes;
\“\\‘\«\Q NML-GCP, the proportion of lymph nodes containing
A germinal centers (23) in non-metastatic lymph nodes.
*** p<0.0001
C D E
n=24
1.0 - - = - 10
_ 0.8 —-0.8
2 n=113 2
g 0.6 50.6
7]
£ 04 Early-stage (T1) 3 Early-stage (T1) £04
1 Early-stage _r Early-stage 3
© 0.2 - Advanced-stage (T2-4) © 92 o Adv:)a/nceg-stage (T2-4) © 2] -~ Grade 1 n=21
=0.001 <0.0001 -1 Grade 2
p p
0.0 0.0 0.0/ —Grade 3 p<0.0001
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120
OS time (months) DFS time (months) OS time (months)
F G H
n=10
1.0 1 Grade 1 1.0 1.04
-1 Grade 2 g ST urrTm cwe- A
— 0.8 =M Grade 3 — 0.8 n=35 — 0.84
_g n=58 _g 2
206 206 =61 2 0.61
7] @ 7]
£ 0.4 e 0.4 TNM stagle e 0.4q n=86 TNM stalge
=3 = = Ll 3 = 1
© 0.2 © o2 n=7 il © 02 n=7 it
-t -t
0.0 P<0-0001 004 P<0.0001 P goq | p<0.0001 Ty
0 20 40 60 80 100 120 0 20 40 60 80 100 120 0 20 40 60 80 100 120

DFS time (months)

OS time (months)

DFS time (months)





OEBPS/Images/fonc-13-1183784-g003.jpg
B )
Advanced-stage gastric cancer Advanced-stage gastric cancer

) 2 i 3 Advanced-stage gastric cancer
patients with TNM stage |1 patients with TNM stage |1 patients with TNM stage Il
1.01 T A—srprrrrr—epa—is 1.0 1.0
n=24 n=26 _

08 08 1 08 nsls
% n=11 2 2
r;_;0.6 %o.e 13 (%0.6 n=28
£ 0.4 £0.4 €041 _ Grade 1
3 " _mGrade 1 I5] —r1Grade 1 3 | ZnGrade 2 n=18

0.21 _mGrade 2 0.2 —Grade 2 0.2] _mGrade 3

00l p=0016

0 20 40 60 80 100 120

0 20 40 60 80 100 120

OS time (months) OS time (months)
E TNM il
Advanced-stage gastric cancer
patients with TNM stage IlI 80 74
1.0 - Grade 1 Il Without chemotherapy
-1 Grade 2 60 [ Chemotherapy
<08 - Grade 3
2

3
@ 40
50.6 8
£0.4 20
=
Co2
0
0.0{ P 5-year OS (%) 100 100 62.50 100 75.00 5890 50 O
0 20 40 60 80 100 120
DFS time (months) 5-year DFS (%) 50 100 50 7857 50 3077 O O
F Advanced-stage gastric cancer G Advanced-stage gastric cancer
patients with chemotherapy patients with chemotherapy
10 r Grade 1 . Grade 1
. n=41 _mGrade 2 -1 Grade 2
- Grade 3 - Grade 3
=08
2
0.6
=3
£0.4
3 n=18
Co2
0.0 p<0.0001

0 20 40 60 80 100 120
OS time (months) DFS time (months)





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Prognostic and predictive values of the grading system of lymph node status in patients with advanced-stage gastric cancer

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Lymph node assessment

          



          		

            2.2 Study design and patients

          



          		

            2.3 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Association between the germinal centers and metastatic tumor deposits in lymph nodes

          



          		

            3.2 Clinicopathologic data

          



          		

            3.3 Association between the clinicopathological features and lymph node status

          



          		

            3.4 Association between the clinicopathological features and prognosis

          



          		

            3.5 Association between grading system of lymph node status and chemotherapy sensitivity in patients with advanced gastric cancer

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Clinical characteristic No. rade 1 rade 2 Grade 3 p value
Sex 0.176
Male 120 54 (45) 46 (38.33) 20 (16.67)
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) 54 30 (55.56) 24 (44.44) 0(0)

(+) 114 41 (35.96) 39 (34.21) 34 (29.82)

No., number of cases. * Bold values indicate significance, p<0.05.
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Clinical characteristic

3-year OS 5-year OS . 3-year DFS 5-year DFS P
Sex 0.135 0.278
Male 84 68.91% 60.48% 101 49.51% 39.08%
Female 29 78.78% 74.63% 42 | 52.38% 49.62%
Age (years) 0.078 0.104
<60 52 77.78% 73.39% » 65 53.85% 50.53%
>60 61 66.21% 56.17% 78 47.44% 34.94%
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I Tumor differentiation i 0.120 I 0.093
Well-differentiated 5 80.00% 80.00% 6 66.67% 66.67%
Moderately differentiated 36 83.15% 73.42% 42 69.05% 53.19%
Poorly differentiated 72 64.81% 58.27% 95 41.05% 35.52%
Tumor location 0.661 0.414
Upper third (U) 21 60.71% 54.64% 22 54.55% 44.08%
Middle third (M) 20 79.41% 73.30% 31 45.16% 33.87%
Lower third (L) 66 73.34% 64.62% 80 53.75% 47.25%
Others (U/M, M/L) 6 62.50% 62.50% 10 30.00% 20.00%
Surgical method 0.077 0.674
Total gastrectomy 36 58.74% 55.29% 42 45.24% 34.39%
Proximal gastrectomy 5 60.00% 30.00% 5 60.00% 30.00%
Distal gastrectomy 72 78.47% 70.63% 96 52.08% 45.59%
Extent of lymph node dissection 0569 0.541
Do 106 71.51% 64.86% 131 51.15% 43.01%
D1 1 100% 100% 3 33.33% 33.33%
Di+ 6 66.67% 44.44% 8 50.00% 33.33%
D2 0 NA NA 1 0.00% 0.00%
TNM stage <0.0001 <0.0001
I 10 90.00% 90.00% 11 81.82% 81.82%
T 35 91.43% | 85.41% | 39 1 74.36% 68.64%
it 61 61.24% 51.29% 86 39.53% 28.76%
v 7 21.43% 21.43% 7 0.00% 0.00%
Depth of tumor invasion 0.001 <0.0001
T2 27 96.30% 96.30% 28 89.29% 89.29%
T3 5 80.00% 53.33% 15 26.67% 17.78%
T4 81 62.16% 53.50% 100 43.00% 32.77%
Lymph node metastasis 0.050 0.004
) 30 86.67% 79.86% 33 69.70% 63.36%
(+) 83 65.66% | 57.91% | 110 44.55% 35.57%
Recurrence and distant metastasis <0.0001 <0.0001
No 78 80.77% 75.20% 78 80.77% 75.20%
Yes 35 46.00% 3321% 65 13.85% 3.08%
LNMR <0.0001 <0.0001
High (>30%) 32 42.95% 34.36% 50 26.00% 13.09%
Low (<30%) 81 82.23% 75.20% 93 63.44% 57.67%
NML-GCP <0.0001 <0.0001
High (>50%) 61 82.96% 79.25% 74 62.16% 57.73%
Low (£50%) 51 59.05% 48.11% 68 38.24% 26.47%
Grading system of lymph node status <0.0001 <0.0001
Grade 1 50 89.56% 85.07% 58 67.24% 65.32%
Grade 2 42 66.29% 58.34% 51 52.94% 40.85%
Grade 3 21 36.67% 24.44% 34 17.65% 5.88%

LNMR, the lymph node metastasis rate; NML-GCP, the proportion of lymph nodes containing germinal centers (23) in non-metastatic lymph nodes; OS, overall survival; DFS, disease-free
survival; HR, hazard ratio; 95% CI, 95% confidence interval; NA, not applicable; No., number of cases.
“Bold values indicate significance, p<0.05.
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Clinical characteristic

>30% (%) <30% (%) p value® b >50% (%) <50% (%)  p value®
Sex 0.017 0.792
Male 120 30 (25) 90 (75) 120 64 (53.33) 56 (46.67)
Female 48 21 (43.75) 27 (56.25) 47 24 (51.06) 23 (48.94)
Age (years) 0.924 0.720
<60 » 80 24 (30) 56 (70) 80 41 (51.25) 39 (48.75)
>60 88 27 (30.68) 61 (69.32) 87 47 (54.02) 40 (45.98)
Tumor long diameter (cm) <0.0001 0.273
<45 92 15 (163) 77 (83.7) 92 52 (56.52) 40 (43.48)
>45 76 36 (47.37) 40 (52.63) 75 36 (48) 39 (52)
Tumor differentiation 0.009 0.107
Well-differentiated 10 2(20) 8 (80) 10 6 (60) 4 (40)
Moderately differentiated 48 7 (14.58) 41 (85.42) 48 31 (64.58) 17 (35.42)
Poorly differentiated 110 42 (38.18) 68 (61.82) 109 51 (46.79) 58 (53.21)
Tumor location 0.286 0.829
Upper third (U) 25 5(20) 20 (80) 25 12 (48) 13 (52)
Middle third (M) 39 14 (35.90) 25 (64.10) 39 19 (48.72) 20 (51.28)
Lower third (L) 94 27 (28.72) 67 (71.28) 93 52 (55.91) 41 (44.09)
Others (U/M, M/L) 10 5(50) 5 (50) 10 5(50) 5(50)
Surgical method 0.163 0.045
Total gastrectomy 45 16 (35.56) 29 (64.44) 45 17 (37.78) 28 (62.22)
Proximal gastrectomy 7 0(0) 7 (100) 7 3 (42.86) 4 (57.14)
Distal gastrectomy 116 35 (30.17) 81 (69.83) 115 68 (59.13) 47 (40.87)
Extent of lymph node dissection 0.279 0.580
DO 151 44 (29.14) 107 (70.86) 150 79 (52.67) 71 (47.33)
D1 5 1(20) 4 (80) 5 2 (40) 3 (60)
Dl+ 11 5 (45.45) 6 (54.55) 11 7 (63.64) 4 (36.36)
D2 1 1(100) 0(0) 1 0(0) 1 (100)
TNM stage <0.0001 0.046
1 35 0(0) 35 (100) 35 22 (62.86) 13 (37.14)
i v 39 0(0) 39 (100) 39 26 (66.67) 13 (33.33)
il 87 48 (55.17) 39(44.83) 86 37 (43.02) 49 (56.98)
v 7 3 (42.86) 4 (57.14) 7 3 (42.86) 4 (57.14)
Depth of tumor invasion <0.0001 0.002
T1 25 1(4) 24 (96) 25 14 (56) 11 (44)
T2 28 1(357) 27 (96.43) 28 23 (82.14) 5(17.86)
T3 | 15 6 (40) 9 (60) I 15 9 (60) I 6 (40)
T4 100 43 (43) 57 (57) 99 42 (42.42) 57 (57.58)
Prognosis <0.0001 <0.0001 ‘
Alive [ 97 13 (13.4) 84 (86.6) 97 63 (64.95) 34 (35.05) ‘
Dead 40 20 (50) 20 (50) 39 12 (30.77) 27 (69.23)
Recurrence and distant metastasis <0.0001 0.046
No 101 14 (13.86) 87 (86.14) 100 59 (59) 41 (41)
Yes 67 37 (55.22) 30 (44.78) 67 29 (43.28) 38 (56.72)
Lymph node metastasis 0.609
) 54 30 (55.56) 24 (44.44)
) 113 58 (51.33) 55 (48.67)

LNMR, the lymph node metastasis rate; NML-GCP, the proportion of lymph nodes containing germinal centers (23) in non-metastatic lymph nodes; No., number of cases. * Bold values indicate
significance, p<0.05.





