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Background

The impact of lymph nodes (LNs) removed on the survivals of patients with stage III gastric cancer, especially on that of those who undergo the adjuvant chemotherapy as a compensation for a possibly insufficient lymphadenectomy, is still unclear.



Methods

Consecutive patients (n = 488) with stage III gastric cancer under R0 curative resection followed by adjuvant chemotherapy were analyzed. The overall survival (OS) was compared between patients with insufficient LNs removed (ILNr, <16 LNs) and sufficient LNs removed (SLNr, ≥16 LNs). Performance of the prediction systems was evaluated using the Likelihood ratio χ2 test, Akaike information criterion (AIC), Harrell’s concordance index (C-index), and area under the receiver operating characteristic curves (AUC).



Results

The OS of patients were significantly longer in those with SLNr relative to those with ILNr (for stage IIIA, 68.2 vs. 43.2 months, P = 0.042; for stage IIIB, 43.7 vs. 24.9 months, P < 0.001; for stage IIIC, 23.9 vs. 8.3 months, P < 0.001; and for total stage III, 37.7 vs. 21.7 months, P < 0.001). However, the OS were similar between stage IIIA patients with ILNr and stage IIIB patients with SLNr (P = 0.928), between IIIB patients with ILNr and IIIC patients with SLNr (P = 0.962), and IIIC patients with ILNr and stage IV (P = 0.668), respectively. A substage increase in the AJCC classification system, from IIIA to IIIB, from IIIB to IIIC, and from IIIC to IV in patients with ILNr, enhanced the accuracy of prognostic prediction in patients with stage III gastric cancer compared to the current TNM system (Likelihood ratio χ2, 188.6 vs. 184.8; AIC, 4336.4 vs. 4340.6; C-index, 0.695 vs. 0.679, P = 0.002). The ROC curves revealed that the performance of prognostic prediction was better in the new prediction system (AUC = 0.699) compared with the current TNM system (AUC = 0.676).



Conclusions

ILNr (LNs <16) impairs the long-term outcomes of stage III gastric cancer underwent adjuvant chemotherapy. The status of LNs removal adds values to the current TNM system in prognostic prediction of stage III gastric cancer.
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Introduction

Gastric cancer is the fifth most common cancer and the third leading cause of cancer-related death globally. Almost 50% of reported cases are from eastern Asia and a majority are from China (1). Although the efficacy of multiple therapies has led to improvement in the treatment of gastric cancer over the years (2), R0 resection with standard lymphadenectomy that regularly involves removal of the regional lymph nodes (LNs) surrounding the stomach is still the most effective treatment for advanced diseases (3). Metastatic LNs are found in 74.4% of patients with advanced gastric cancer (4). The number and extent of metastatic LNs has been demonstrated to negatively correlate with the long-term survival of patients (5). Increasing the number of LNs removed during lymphadenectomy is theoretically an effective way to ensure a higher probability of completely removing the tumour-draining LNs. Some studies have revealed that a higher retrieved number of LNs was associated with better survival outcomes in patients with gastric cancer (6, 7). Notably, there are evidence that suggest that removing more LNs also provides protection to patients without LN metastasis (8). Some evidence even showed that the benefits of protection was more obvious in patients with less advanced gastric cancer compared to those with more advanced disease (9). Taken together, patients with gastric cancer would benefit from the removal of sufficient LNs.

The TNM staging system is currently the most useful tool for predicting the prognosis of gastric cancer (10). In the TNM system, the T and M staging can be accurately scored based on the pathological and radiological examinations, but challenges still exist in the N staging because of the inconsistence in accuracy induced by variations in the number of LNs removed. Although the N-ratio (the ratio of metastatic LNs in the total LNs examined) was employed to compensate for the insufficient removal of LNs and was demonstrated to be valuable in the prognostic prediction of gastric cancer (11, 12), this ratio is not comparable to increasing the number of LNs removed to allow more accurate assessment of LNs involvement. Since the number of LNs removed is critical to both improving and prediction of the prognosis, we assessed whether the status of LNs removed may have a direct impact on the overall survival (OS) in patients with stage III gastric cancer that predominantly have LN metastasis, especially in those who underwent adjuvant chemotherapy as a compensation for a possibly insufficient lymphadenectomy.

The eighth edition of the American Joint Committee on Cancer (AJCC) staging system recommends N staging as follows: N0, 0 positive LN; N1, 1–2 positive LNs; N2, 3–6 positive LNs; N3a, 7–15 LNs; N3b, ≥ 16 LNs (13). According to this guideline, at least 16 LNs assessed per patient are sufficient for N stage assignment. Thus, we classified the status of LNs removed into two categories: sufficient LNs removed (SLNr, when the number of LNs removed was ≥ 16) and insufficient LNs removed (ILNr, when the number was < 16). In this study, we reviewed 488 consecutive patients undergoing D2 lymphadenectomy with R0 curative resection and were pathologically diagnosed as stage III and received adjuvant chemotherapy. Stratified analyses were performed on the association between the status of LNs removed and OS in patients with IIIA, IIIB, and IIIC diseases. This study will allow us to have a view on the value of the status of LNs removed beyond the TNM system in prognostic prediction of patients with stage III gastric cancer.



Methods


Patient Population

Consecutive patients with primary gastric cancer treated by a single surgical team at The First Affiliated Hospital of Sun Yat-sen University between January 2006 and December 2014 were individually reviewed by two researchers. Cases included meet the following criteria: (1) D2 lymphadenectomy with R0 resection, (2) pathological diagnosis of stage III gastric cancer, (3) underwent 5-fluorocrail plus oxaliplatin-based adjuvant chemotherapy, (4) discussed in a department-wide conference before operation, (5) complete clinical records, including age, gender, neoadjuvant chemotherapy, tumour features (site, size, Borrmann type, status of differentiation), pathological T, N and M staging, surgeon who performed the operation, CEA level and surgical complications (surgical site infection, anastomotic stricture, anastomotic leakage, anastomotic bleeding, abdominal bleeding, pleural effusion), and (6) complete follow-up records. Cases were excluded if they had a history of other cancers, non-cancer-related death, or died within one month after surgery. Discrepancies in inclusion were resolved by a principal investigator. A flowchart depicting the case screening process of this study is shown in Figure 1.




Figure 1 | Flowchart of the case screening process.



TNM staging was determined according to the eighth edition of the AJCC staging system. The definition of D2 lymphadenectomy was consistent with the Japanese Gastric Cancer Association guidelines (3). Eight continuous cycles of XELOX or SOX regimen were used in the adjuvant chemotherapy that was commenced within 1 month postoperatively. For each cycle of XELOX, the patients were administered intravenous oxaliplatin (130 mg/m2) on day 1 and orally administered capecitabine (1000 mg/m2, twice daily) on days 1–14, followed by a rest period until day 21. For each cycle of SOX, the regimen was the same as XELOX except for capecitabine that was substituted by S-1 (80 mg, 100 mg, or 120 mg corresponding to the body-surface area <1.25 m2, ≥1.25 m2 but <1.5 m2, and ≥1.5 m2, respectively). Senior surgeons were deemed to have 10 or more years of experience performing gastrectomies. Follow-up by outpatient or telephone interview was undertaken every three months in the first two years after surgery, every 6 months from the third year to the fifth year, and once per year thereafter. OS was calculated based on the follow-up results. The follow-up information of this study was collected until December 2019. This study adhered to the guidelines approved by the Hospital Ethics Committee.



Data Analysis

The chi-square test and Mantel-Haenszel chi-square test were used to compare unordered categorical variables between patients with SLNr and those with ILNr, while Spearman’s correlation coefficient was used to compare the ordered categorical variables. The Cox proportional hazards model was employed in multivariate analysis of the independent factors that influence the OS of patients. Univariate survival analysis was performed to compare the OS between different substages of patients using the Kaplan-Meier method and Log-rank test. Multivariate logistic regression was used to assess the risk factors for ILNr (α = 0.1 was adopted for stepwise regression). To evaluate the prediction system that integrates TNM staging with the status of LNs removed, the Likelihood ratio χ2 test was employed to measure the homogeneity of survival times among the same subset of cases. We further calculated the Akaike information criterion (AIC), which compared the relative amount of information lost by the prognostic systems (14). The less the AIC, the less the information lost and the higher the quality of the model was (14). All the above statistical analyses were performed using the Statistical Package for Social Science (SPSS, version 25.0, Chicago, USA). Moreover, the Harrell’s concordance index (C-index) was calculated using the ‘survcomp’ packages in R 4.0.0 software to assess the discriminatory ability of the model (15). There was a positive correlation between the c-index and the proportion of correct predictions (15). The receiver operating characteristic (ROC) curve and the area under the curve (AUC) were used to compare the performance of the proposed prediction system with the conventional TNM system. P-values less than 0.05 indicated that differences were statistically significant.




Results


Clinicopathological Characteristics

Out of the 488 patients with stage III tumours, 128 (26.2%) had stage IIIA, 189 (38.7%) had stage IIIB, and 171 (35.0%) had stage IIIC. For the status of LNs removed, 89 (18.2%) patients were has ILNr and 389 (81.8%) had with SLNr. The median age of the included patients was 57.8 years (range, 24–87 years). The clinicopathological characteristics of the included patients with ILNr or SLNr are shown in Table 1. Patients with SLNr were significantly associated with smaller tumour size, more advanced N and TNM stage, and more operations performed by senior surgeons (all P < 0.05). There was no significant difference between patients with SLNr and those with ILNr in neoadjuvant chemotherapy, tumour sites, gross type of tumours, degree of tumour differentiation, T stage of tumours and CEA levels (all P > 0.05).


Table 1 | Clinicopathological features of patients with ILNr and SLNr.





Analysis of Survival and Its Influencing Factors

Kaplan-Meier analysis showed that the median survival time of patients with SLNr was significantly longer than that of patients with ILNr (37.7 vs. 21.7 months, P < 0.001, Figure 2A). Univariate survival analysis revealed that age, tumour size, gross type, histological type, T stage, N stage, TNM stage, status of LNs removed, and the surgeon’s experience were potential factors that influenced OS. Multivariate Cox regression analysis identified larger tumour size, more advanced N, and more advanced TNM stage as the independent impairing factors for OS, while the operations performed by senior surgeons and SLNr (all P < 0.05) were the independent protective factors for OS (Table 2).




Figure 2 | Survival of gastric cancer patients with ILNr and SLNr. (A) The OS of stage III patients with SLNr and ILNr. (B) The OS of patients with stage IIIA, IIIB, and IIIC gastric cancer; (C) The OS of stage IIIA patients with SLNr (n = 106) and ILNr (n = 22); (D) The OS of stage IIIB patients with SLNr (n = 140) and ILNr (n = 49); (E) The OS of stage IIIC patients with SLNr (n = 153) and ILNr (n = 18). OS, overall survival; SLNr, sufficient lymph nodes removed (≥16 lymph nodes); ILNr, insufficient lymph nodes removed (<16 lymph nodes).




Table 2 | Uni- and multi-variate analyses of the factors influencing overall survival.





Subgroup Analysis of Survival

The OS was markedly reduced with the upstaging from IIIA, IIIB to IIIC (60.0 vs. 37.2 vs. 22.1 months; IIIA vs. IIIB, χ2 = 16.8, P < 0.001; IIIB vs. IIIC, χ2 = 20.9, P < 0.001; Figure 2B). Having demonstrated that the status of LNs removed impacted the survival of stage III patients, we further determined the impact of the status of LNs removed on substage IIIA, IIIB and IIIC respectively. Stratified analyses for each substage of cases consistently revealed that patients with SLNr exhibited significantly longer OS than those with ILNr (for stage IIIA, 68.2 vs. 43.2 months, χ2 = 4.13, P = 0.042, Figure 2C; for IIIB, 43.7 vs. 24.9 months, χ2 = 14.15, P < 0.001, Figure 2D; and for IIIC, 23.9 vs. 8.3 months, χ2 = 11.925, P < 0.001, Figure 2E).

Notably, the OS was not significantly different between stage IIIA patients with ILNr and stage IIIB patients with SLNr (43.2 vs. 43.7 months, χ2 = 0.008, P = 0.928, Figure 3A). Similarly, no significant difference in OS was found between patients with stage IIIB disease with ILNr and those with stage IIIC with SLNr (24.9 vs. 23.9 months, χ2 = 0.002, P = 0.962, Figure 3B), indicating that upstaging might better reflect the prognosis of patients with ILNr. To examine whether a substage increase in the AJCC system better reflected the prognosis of stage IIIC with ILNr, we reviewed 41 consecutive cases with stage IV gastric cancer, who underwent surgical treatment with curative intent during the same period. Consistently, the OS of stage IIIC patients with ILNr was not significantly different from that of stage IV patients (8.3 vs. 13 months, χ2 = 0.184, P = 0.668, Figure 3C), confirming that a substage increase improved the prognostic prediction for stage III patients with ILNr.




Figure 3 | The impact of the status of lymph nodes removed on the prognosis of patients with stage III gastric cancer. (A) The OS of stage IIIA patients with ILNr (n = 22) and stage IIIB patients with SLNr (n = 189); (B) The OS of stage IIIB patients with ILNr (n = 49) and IIIC patients with SLNr (n = 153); (C) The OS of IIIC patients with ILNr (n = 18) and IV patients (n = 41). (D) Collective survival curves for different subsets of patients with stage III and stage IV gastric cancer; (E) A better prediction system by incorporating the status of lymph nodes removed into TNM staging. (F) The receiver operating characteristics curves of the new prediction system and the current TNM system. OS, overall survival; SLNr, sufficient lymph nodes removed (≥ 16 lymph nodes); ILNr, insufficient lymph nodes removed (< 16 lymph nodes).





Evaluation of a New Hypothesized Prediction System

The collective curves of OS for patients with stage IIIA, IIIB, IIIC, and IV tumours are shown in Figure 3D. Since the prognosis of patients with ILNr was better reflected by a substage increase in the AJCC classification system, we proposed a new prediction system by integrating the AJCC staging system with the status of LNs removed (Figure 3E). In this hypothesize system, one substage was increased in the AJCC classification system, from IIIA to IIIB, from IIIB to IIIC, and from IIIC to IV in patients with ILNr. Compared with the current TNM staging system, we found that the new prediction system had a higher Likelihood ratio χ2 (188.6 vs. 184.8), indicating that a higher homogeneity in OS of patients within each substage classified by the new prediction system; the AIC value was lower (4336.4 vs 4340.6), reflecting that the new system had less information lost in prediction of prognosis, while the C-index was higher, supporting a higher proportion of correct predictions in the new system (0.695 vs. 0.679, P = 0.002). The ROC curves revealed that the performance of prognostic prediction was better in the new prediction system (AUC = 0.699) compared with the current TNM system (AUC = 0.676) (Figure 3F).



Risk Factors of ILNr

Given that ILNr plays a detrimental role in the OS of stage III gastric cancer, we evaluated on the independent factors that affected the status of LNs removed. Multivariate logistic regression analysis indicated that a large tumour size, more advanced T, and more advanced TNM stage were the independent risk factors for ILNr, while operations performed by senior surgeons was an independent protective factor (Table 3).


Table 3 | Stepwise multivariate logistic regression analysis of risk factors for ILNr.






Discussion

Sufficient lymphadenectomy in patients with gastric cancer is difficult. Less than 16 of LNs removed is not sufficient to determine whether the patient reaches N3 stage because 16 is the minimum number required for N3 diagnosis. To increase the accuracy of N staging under this circumstance, some researchers have proposed the N-ratio and have proven its correlation with cancer survival (16–18). However, not satisfying the Bayes’ rule and binomial distribution inevitably make this index to under- or over-estimate the N stage (19). There is still a lack of ideal methods to accurately diagnosed the N stage when LN removal is insufficient. Inaccurate diagnosis of the N stage can hinder the prognostic prediction for patients. This was reflected by the findings of our study, that patients with ILNr had a larger proportion of underestimation for N (P < 0.001) and TNM stage (P = 0.001). Importantly, for stage III gastric cancer, the patients with ILNr had significantly worse long-term survival than those with SLNr. Subgroup analyses concordantly demonstrated the negative association between ILNr and OS in patients with stage IIIA, IIIB and IIIC diseases, respectively. Moreover, the Cox proportional hazards model highlighted that the status of LNs removed was an independent risk factor that affected the OS of patients. Collectively, our study indicates that the status of LNs removed during curative surgery is an instrumental factor in the prediction of long-term survival of patients with stage III gastric cancer.

Interestingly, we find that there was no significant difference in OS between stage IIIA patients with ILNr and stage IIIB patients with SLNr, stage IIIB patients with ILNr and stage IIIC patients with SLNr, stage IIIC patients with ILNr and stage IV patients, respectively. This underscored the need for a substage increase in the AJCC classification system for patients with ILNr so as to improve the accuracy in predicting prognosis in patients with stage III gastric cancer. To meet the need for better prognostic prediction, we propose a new prediction system for stage III gastric cancer by taking the status of LNs removed into account. In the new system, the stage of patients with SLNr remained unchanged in reference to AJCC cancer staging system; however, if a patient has ILNr, with the number of LNs removed being less than 16, the patient’s tumour stage will be upstaged with one substage increase from IIIA to IIIB, from IIIB to IIIC, and from IIIC to IV. By comparing the performance of different models using the likelihood ratio χ2 test, AIC, c-index, and ROC curve, we demonstrated the superiority of the new system in predicting long-term survival over the current AJCC staging system.

Additionally, we found that a larger tumour diameter and more advanced TNM stage were the independent risk factors for ILNr, while surgeries performed by senior surgeons was an independent protective factor. Senior surgeons perform more proficient lymphadenectomy, and this could partially explain the lower proportion of ILNr, which was demonstrated to be detrimental to long-term survival in our study. This notion was supported by other studies which indicate that the experience of surgeons affected the survival of gastric cancer patients (20). Although some studies have argued that surgeons performing ≥ 20 gastrectomies or < 20 gastrecomies did not affect patients’ survival (21), we still tend to believe that senior surgeons will enhance the surgical quality of lymphadenectomy and improve patient prognosis. This difference might be observed when the cut-off number of gastrectomies increases further because 20 is quite a small number compared to the cases of gastrectomies performed over a period of 10 years or more. However, what the exact cut-off value needs further determination to improve survival outcomes. Together, operations performed by senior surgeons should be recommended for the individuals with large size, advanced T, and advance TNM stage of tumours.

This study has some limitations. First, although consecutive patients were included in the analysis, interpretation of the findings should be done cautiously due to the retrospective nature of this study. It is difficult to investigate the effect of ILNr on survival in a prospective study. Ethically, we should remove a sufficient number of LNs for better accurate N staging and we cannot set the ILNr arm for prospective observation. Second, we only analysed the OS of patients but did not observe the relapse-free survival in this study. Third, for stage IB and II gastric cancer with possible LN metastasis, whether ILNr impairs the long-term survival is still unclear. Additionally, despite the inclusion of a small proportion of patients with neoadjuvant therapy in this analysis, we did not observe the impact of neoadjuvant chemotherapy on the long-term survival of patients in our cohort. This might be due to the insufficient sample size analysed. Further, the included population was confined to the postoperative stage III diseases whose response to neoadjuvant chemotherapy might not be as good as expected. In future, we will extend the analysis to patients with other stages of tumours beyond stage III and provide a broader view of the impact of LNs removal on the prognosis of gastric cancer.

In conclusion, ILNr (the number of LNs <16) impairs the long-term outcomes of stage III gastric cancer. One substage increase in the AJCC classification system enhances the accuracy of prediction of prognosis with ILNr. Surgical resection performed by senior surgeons is recommended for patients with large tumours or with more advanced TNM stages.
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