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Background

Despite the implementation of the 8th American Joint Committee on Cancer (AJCC) TNM staging system for gastric cancer (GC) in 2017, it still holds a significant level of stage migration which affects patients’ proper classification and accurate prognosis. Here, to reduce this effect, we evaluated the prognostic value of a lymph node ratio (LNR) and established a novel tumor–ratio–metastasis (TRM) staging system.



Method

The data of 15,206 GC patients from the Sun Yat-sen University Cancer Center (Training set; n=2,032) and the US Surveillance, Epidemiology, and End Results (SEER) database (Validation set; n=13,174) were analyzed. The training set was classified into 5 LNR categories, based on which the novel TRM staging system was constructed. The overall survival (OS) between the TRM and AJCC TNM systems was compared in the training set and validated in the validation set. The likelihood ratio x2, liner trend x2, C-index, and Akaike information criterion (AIC) values were used to measure the discriminatory ability between the two different staging systems. Decision curve analyses (DCAs) were conducted to test the clinical value of the two staging systems.



Result

The patients were classified into the following categories: LNR0: 0%, LNR1: 0%<LNR ≤ 10%, LNR2: 10%<LNR ≤ 25%, LNR 3a: 25%<LNR ≤ 60%, and LNR 3b: LNR>60%. Univariate analyses demonstrated that the log-rank x2 of the LNR stage (Training/Validation set: x2 = 463.1/2880.8) was larger than the AJCC pN stage (Training/Validation set: x2 = 281.5/2240.8). For both the training set and validation set, stratified analyses using the Kaplan-Meier method identified significantly heterogeneous OS in every pN category but only one using the LNR. The TRM staging system had higher likelihood ratio x2, liner trend x2, C-index and smaller AIC values than the TNM system.



Conclusion

The TRM staging system demonstrated improved homogeneity and discriminatory ability in predicting the prognosis of GC patients compared with the AJCC TNM staging system.
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Introduction

Gastric Cancer (GC) is still the fifth most frequently diagnosed cancer and the third leading cause of cancer deaths worldwide despite declining incidence in the past years (1–3). The overall trend of GC incidence, which is estimated by age-standardizing among the reference population, may cover up the significant age-specific features. Several studies have indicated that reverse trends of incidence were observed among young people in both the West and the East (4–8), leading to greater loss in life-expectancy among younger patients.

Since treatments are directed based on the stage of patients at the time of diagnosis and post-surgery, patients should be accurately staged for optimal treatment. Currently, the most commonly used staging system for GC is the American Joint Committee on Cancer (AJCC) TNM system, which stages patients according to the depth of tumor infiltration (T), number of regional metastatic lymph nodes (N), and status of distant metastasis (M). In the 8th AJCC TNM system, patients with no metastasized LNs, 1-2, 3-6, 7-15 or >15 metastatic LNs are classified as N0, N1, N2, N3a or N3b, respectively. For proper staging, the AJCC recommends at least 16 regional lymph nodes be pathologically assessed. However, the number of resected lymph nodes varies widely, depending on the actual number of regional LNs, surgical technique, surgeons’ skills, and/or pathological procedures. This may lead to stage migration, also called the Will Rogers phenomenon (9, 10); i.e. if the number of retrieved LNs is less than 16, this could lead to down-migration of the N stage.

Lymph node ratio (LNR), also called the node ratio (Nr) or metastatic lymph node ratio (MLNR), is defined as the number of MLN divided by the number of retrieved lymph nodes (11). It has been shown as an effective alternative to decrease the risk of stage migration. Several previous studies have analyzed the prognostic role of LNR and found that LNR is an independent prognostic factor for GC. These studies demonstrated that LNR could better stratify the survival of GC patients than the AJCC pN status (12–18). However, such studies were performed mostly using the 7th or earlier edition of the AJCC TNM system. Since the latest AJCC, the 8th TNM staging system has been released and is superior to 7th edition (19–21). Here, the present study aims to evaluate whether a better N staging system can be provided by replacing the absolute number of regional node metastasis with lymph node ratio, and whether a novel tumor–ratio–metastasis (TRM) staging system shows a better performance compared with the 8th edition AJCC TNM system.



Methods


Chinese Cohort and Follow-up

This was a retrospective study comprising of the clinicopathological data of 2,032 GC patients who underwent surgical treatment from January 2000 to June 2017 at the Sun Yat-sen University Cancer Center (SYSUCC; Guangzhou, China). The main eligibility criteria for the study inclusion were histologically confirmed R0 resection. Exclusion criteria were (i) presence of other simultaneous cancer(s) and distant metastasis, (ii) underwent R1 or R2 resection, (iii) had stump or recurrent cancer, (iv) underwent preoperative anti-cancer treatment, (v) died during the perioperative period, and (vi) had incomplete follow-up data. Gastrectomy with lymphadenectomy (D1/D2) was performed by surgeons abiding to the JGCA guidelines, with more than 10 years of experience in performing gastrectomy (22). The data of patients from SYSUCC were used as the training cohort for establishing a hypothetical LNR stage and TRM staging system.

Follow-up assessments including clinical and laboratory examinations were conducted every 3 months for the first 2 years, every 6 months during the 3rd to 5th years, and every 12 months thereafter until death. The primary endpoint was 5-year overall survival (OS). OS was estimated from the date of operation until death or last follow-up contact (February 29, 2020), which was used as a measure to indirectly reflect the prognosis of patients.



Ethical Approval Statement

This research was approved by the Ethics Committee of the Sun Yat-sen University Cancer Center, and informed consent was granted a waiver due to the retrospective nature of the study.



Western Cohort

The data of GC patients from the US Surveillance, Epidemiology, and End Results (SEER) database, treated during the year 2004-2017, was retrieved using the SEER*Stat software (version 8.3.6). The database named “Incidence - SEER Research Data, 13 Registries, Nov 2019 Sub (1992-2017)”, was released in April 2019. Patients who had a “Site and Morphology. CS Schema - AJCC 6th Edition” data field of “Stomach” were selected using similar inclusion and exclusion criteria as the Chinese cohort. This Western dataset was used as the validation cohort to confirm the significance of the LNR stage and TRM staging system.



The LNR Stage and TRM Staging System

The optimal LNR cutoff points were determined using the X-tile software (23) for classifying the LNR into five categories, namely LNR0, LNR1, LNR2, LNR3a, and LNR3b, to maintain consistency with the 8th AJCC nodal categories number (Table 1); based on which the novel TRM staging system was constructed. For the TRM staging system, the same T and M definitions as the 8th AJCC TNM staging system was used, while the R referred to the LNR categories.


Table 1 | TRM/TNM staging system.





Statistical Analysis

The Kaplan-Meier (KM) method was used to analyze patients’ OS. To assess the prognostic performance of the 8th AJCC TNM system, each TNM stage was stratified by TRM stages. In the same way, each TRM stage was stratified by TNM stages to assess the performance of the TRM staging system. The homogeneity across subgroups within each stage was compared using the log-rank test. Moreover, we used the likelihood ratio x2 test within the Cox proportional hazard regression model to compare and evaluate the homogeneity of the TRM system and the TNM system. The Akaike information criterion (AIC) value and C-index value, related to a Cox regression model, were calculated for the two systems to measure discriminatory ability. A smaller AIC value and larger C-index value indicate a more desirable model for predicting outcome (24–27). Decision curve analyses, based on the Cox proportional-hazards model, were then applied to both the training set and validation set to compare performance of the TRM staging system and TNM staging system. Two-sided P values were calculated for all tests and a P value of less than 0.05 was considered statistically significant. Analyses were performed using the SPSS software (version 25.0) and R Studio (version 1.3.1093).




Results


Patients Characteristics

The data of 2,032 and 13,174 patients were retrieved from the SYSUCC and SEER databases, respectively. There were 697 female patients and 1,335 male patients in the training set, and 4,894 female patients and 8,280 male patients in the validation set, with a mean age of 57.4 ± 11.8 years (range 20-90 years) and 64.9 ± 12.8 years (range 20-85 years), respectively. The 5-year survival rates of the patients in training and validation set were 64.6% and 44.3%. The patients clinicopathological characteristics of both groups were listed in Table 2.


Table 2 | Clinic-pathological Factors of training set and validation set.





Comparison Between the 8th AJCC pN Stage and LNR Stage

For the training set, the 5-year OS for the pN stage categories (N0-N3b) was 86.5%, 67.0%, 62.9%, 45.7%, and 34.7% (P<0.001, log-rank test x2 = 281.5, overall comparisons), respectively. Additionally, pairwise comparison showed significant difference (P<0.001) between-categories (pN0 vs pN1; pN2 vs pN3a; pN3a vs pN3b), except for pN1 vs pN2 (P=0.546) (Figure 1A).




Figure 1 | Impact of the pN (A), LNR (B), TNM (C), and TRM (D) staging on OS in training set. (A) pN stage: pN0 vs pN1, p < 0.001; pN1 vs pN2, p = 0.546; pN2 vs pN3a, p < 0.001; pN3a vs pN3b, p < 0.001; (B) LNR stage: LNR0 vs LNR1, p < 0.001; LNR1 vs LNR2, p = 0.010; LNR2 vs LNR3a, p < 0.001; LNR3a vs LNR3b, p < 0.001; (C) TNM staging system: IA vs IB, P = 0.006; IB vs IIA, p = 0.004; IIA vs IIB, p = 0.016; IIB vs IIIA, p = 0.101; IIIA vs IIIB, p = 0.001; IIIB vs IIIC, p < 0.001; (D) TRM staging system: IA vs IB, p = 0.020; IB vs IIA, p = 0.001; IIA vs IIB, p = 0.185; IIB vs IIIA, p = 0.024; IIIA vs IIIB, p < 0.001; IIIB vs IIIC, p < 0.001. LNR, lymph node ratio; TNM, tumor–node–metastasis; TRM, tumor–ratio–metastasis.



For the LNR categories (LNR0-LNR3b), the 5-year OS was 86.5%, 74.6%, 62.6%, 45.1%, and 21.3% (P<0.001, log-rank test x2 = 463.1, overall comparisons), respectively. Similar pairwise comparison showed significant difference (P<0.05) within each of the categories (Figure 1B). Then, the pN with LNR categories were compared. First, each pN category (N1–N3b) was stratified into LNR subgroups. Using the Kaplan-Meier method (log-rank test), significant heterogeneity in 5-year OS was found in each pN category (4/4, 100%). Second, each LNR category (LNR1-LNR3b) was also stratified into pN subgroups. Only significant heterogeneity in the 5-year OS of the LNR1 category was found (1/4, 25%) (Table 3).


Table 3 | Five-Year OS by N Stage and LNR Stage for training set and validation set.



For the validation set, 5-year OS for the pN stage categories (N0-N3b) was 62.8%, 39.7%, 31.6%, 20.2%, and 11.7% (P<0.001, log-rank test x2 = 2240.8, overall comparisons), respectively. For the LNR categories (LNR0-LNR3b), the 5-year OS was 62.8%,50.8%, 36.4%, 24.8%, and 11.9% (P<0.001, log-rank test x2 = 2880.8, overall comparisons), respectively. Pairwise comparison showed that both the pN and the LNR category had a good discriminatory ability among each category (Figures 2A, B). Then after stratified analyses, significantly heterogeneous 5-year OS was observed in each of the pN category (4/4, 100%), howreve, significantly heterogeneous 5-year OS was only found in LNR2 category (1/4, 25%) (Table 3).




Figure 2 | Impact of the pN (A), LNR (B), TNM (C), and TRM (D) staging on OS in validation set. (A) pN stage: pN0 vs pN1, p < 0.001; pN1 vs pN2, p < 0.001; pN2 vs pN3a, p < 0.001; pN3a vs pN3b, p < 0.001; (B) LNR stage: LNR0 vs LNR1, p < 0.001; LNR1 vs LNR2, p < 0.001; LNR2 vs LNR3a, p < 0.001; LNR3a vs LNR3b, p < 0.001; (C) TNM staging system: IA vs IB, p < 0.001; IB vs IIA, p < 0.001; IIA vs IIB, p < 0.001; IIB vs IIIA, p < 0.001; IIIA vs IIIB, p < 0.001; IIIB vs IIIC, p < 0.001; (D) TRM staging system: IA vs IB, p < 0.001; IB vs IIA, p < 0.001; IIA vs IIB, p < 0.001; IIB vs IIIA, p < 0.001; IIIA vs IIIB, p < 0.001; IIIB vs IIIC, p < 0.001. LNR, lymph node ratio; TNM, tumor–node–metastasis; TRM, tumor–ratio–metastasis.





Comparison Between the 8th AJCC TNM System and Hypothetical TRM System

First, since the TRM IA stage is equal to TNM IA stage, each TRM stage (except IA) was stratified into TNM stage subgroups to estimate the performance of the novel TRM system. Second, the homogeneity of the 5-year OS for subgroups within every TRM stage was evaluated using the log-rank test. Finally, a same stratified analysis method was performed in each TNM stage (except IA). For the training set, we found that only 2 (IIA, IIB) of the 6 TRM subgroups showed statistically heterogeneous 5-year OS, while up to 5 of 6 TNM stage subgroups (except IIA) had statistically heterogeneous 5-year OS (Table 4). The K-M plots of TNM stage and TRM stage were shown in Figures 1C, D. In the validation set, we used the same stratified analyses between the two systems. There was only 1 of 6 TRM stage subgroups (IIIC) showed statistically heterogeneous 5-year OS, while all of the 6 TNM stage subgroups showed statistically heterogeneous (Table 4). The K-M plots of TNM stage and TRM stage were shown in Figures 2C, D.


Table 4 | Five-Year OS by TNM Stage and TRM Stage for training set and validation set.





Comparison Between the Two Systems Within the Patients With Over 15 LNs Retrieved in Validation Set

For patients with more than 15 examined lymph nodes, the TRM staging system was also superior to TNM staging system. The log-rank x2 of LNR stage (x2 = 1723.7) was larger than that of pN stage (x2 = 1552.3). For the stratified analyses, every pN stage (except pN0) showed significantly heterogeneous 5-year OS (pN1: P=0.004; pN2-pN3b: P<0.001) by stratifying into LNR subgroups, but only LNR3b showed significantly heterogeneous results(LNR3b: P=0.018; LNR1: P=0.064; LNR2: P=0.953; LNR3a: P=0.654). Additionally, 5 of 6 TNM stages (except IIB) showed significantly heterogeneous by stratified into TRM subgroups (TNM IB: P=0.014; TNM IIA: P=0.009; TNM IIB: P=0.092; TNM IIAB: P= 0.001; TNM IIIB/IIIC: P<0.001), while only TRM IIIC showed significantly heterogeneous results (TRM IB: P=0.065; TRM IIA: P=0.513; TRM IIB: P=0.194; TRM IIAB: P= 0.706; TNM IIIB: P=0.749; TRM IIIC: P<0.001). Similar results were observed for the patients with over 15 LNs retrieved in the training set. Due to space limitations, there is no further description here.



Compared the Performance Between the TRM and TNM Systems

In this part, the performance between the TRM staging system and TNM staging system, including the comparison between LNR and pN stage, was evaluated by the likelihood ratio x2, linear trend x2, C-index, and AIC value (Table 5). For both the training set and validation set, the TRM staging system showed better homogeneity (larger likelihood ratio x2), discriminatory ability, and monotonicity of gradients (larger linear trend x2) than the TNM staging system. Moreover, the C-index of the TRM staging system was larger than that of the TNM staging system, while the AIC value of the TRM staging system was smaller than the TNM staging system. The results of the C-index and AIC value also indicate that the performance of the TRM system is better than the TNM system. The results of decision curve analyses comparing the performance between the TRM and TNM systems are shown in Figure 3, which indicate that both the LNR stage and TRM stage have greater net benefit than the pN stage and TNM stage, both in the training set and validation set.


Table 5 | Comparison of the performance of the AJCC TNM staging system and TRM staging system.






Figure 3 | Results of decision curve analysis. Results of decision curve analysis pN vs LNR (A) and TNM vs TRM (B) in the training set; pN vs LNR (C) and TNM vs TRM (D) in the validation set.






Discussion

In the present study, we constructed a novel LNR stage as an alternative to pN stage, and replaced pN of the TNM staging system with LNR so as to set up the TRM staging system. Our results indicate that both the LNR stage and TRM staging system could bring more accurate patients stratification and more prognostic value compared with the pN stage and TNM staging system (AJCC 8th edition).

In 2002, metastatic lymph node ratio (MLR) was put forward and used to predict the prognosis of GC patients for the first time (17). After that, several studies have confirmed that staging by the LNR rather than absolute number of MLN could better predict prognosis of gastric cancer patients. For instance, Xiao et al. (28) analyzed the prognosis of 1,042 GC patients who underwent D2 gastrectomy with less than 16 retrieved lymph nodes and divided LNR into four subgroups (0%, 1%-30%, 31%-50%, >50%). They demonstrated that using LNR stage could predict the prognosis better than pN stage when the number of lymph nodes examined was less than 15. Lee et al (29) analyzed 3284 patients from eight institutions and categorized LNR into five subgroups (0, 0-0.06, 0.06-0.27, 0.27-0.49, and >0.49). They demonstrated that LNR stage was a better predictor of prognosis for GC patients than the pN stage. Wang et al. (13) analyzed 18,043 gastric cancer patients from SEER database and classified LNR into five subgroups (0, 0<LNR ≤ 1/15, 1/15<LNR ≤ 3/10, 3/10<LNR ≤ 7/10 and LNR>7/10). They found that using the TRM system caused less misclassification than the TNM system (12% vs 57%).

However, the previous studies had several limitations: (i) The sample size included in the study was relatively small (a few hundred to several thousands) or only from a single institution. (ii) Most previous studies drew their conclusion based on old versions of AJCC TNM edition rather than the new version. (iii) Most previous studies only compared the prognosis value of LNR and pN staging. They did not combine the LNR stage and pT stage to construct a hypothetical TRM staging system. (iv) Most previous studies determined the cut points of LNR by using the so-called ‘best cut-off method by log-rank test’, ignoring the fact that LNR should be a continuous variable.

In the present study, we avoided the limitations mentioned above. We analyzed 15,206 GC patients from the Sun Yat-sen University Cancer Center (Training set; n=2,032) and the US Surveillance, Epidemiology, and End Results (SEER) database (Validation set; n=13,174). We did not neglect the differences in the multimodal treatment of gastric cancer between East and West (30–32). Furthermore, we fully considered the LNR as a continuous variable, and we used the X-tile software to determine the optimal cut-off point. And we demonstrated that TRM staging system showed the superiority to the 8th AJCC TNM staging system for the reasons as follows: (i) In univariate analysis, the log-rank x2 of LNR stage (training set: 463.1; validation set: 2880.8) was larger than that of pN stage (training set: 281.5; validation set: 2240.8), which indicated a higher statistical significance. Stratified analyses using the Kaplan-Meier method identified significantly heterogeneous OS in every pN category but only one LNR category (Table 3). (ii) In univariate analysis, the log-rank x2 of TRM stage (training set: 534.58; validation set: 3412.03) was larger than that of TNM stage (training set: 340.54; validation set: 2816.64), which indicated a higher statistical significance. Stratified analyses identified significantly heterogeneous OS in almost every TNM stage but only one TRM stage (Table 4). (iii) For patients with > 15 lymph nodes examined in the validation set, stratified analyses showed that five of the six TNM stages (except IIB) showed significantly heterogeneous results, while only TRM IIIC showed significantly heterogeneous results.

Based on Ueno et al (27), regarding the discriminatory ability between different groups, the monotonicity of gradients reflected in the relationship between stages and OS, and the homogeneity within subgroups, a model with larger linear trend x2 and the likelihood ratio x2 was considered as the better model. In our study, the TRM staging system had better discriminatory ability, monotonicity of gradients (larger liner trend x2), and homogeneity (larger likelihood ratio x2). Furthermore, the TRM staging system with a smaller AIC value and a lager C-index value indicated the better prognostic stratification. These results confirmed that the TRM staging system could predict the prognosis of GC patients better than the TNM staging system (Table 5). And moreover, the results of decision curve analyses indicate that the TRM staging system has a greater net benefit than the TNM staging system. Although our study demonstrated the superiority of the TRM staging system, it does not mean the surgeons could perform a lesser extent of lymph node dissection. Actually, retrieving as many as possible lymph nodes could predict the prognosis of patients better (33).

There were several limitations in this study. First, as a retrospective study, some data were inevitably missing or not applicable for analysis. For instance, we did not include data on the adjuvant chemotherapy in our study. If postoperative treatments varied greatly between patients, that could bring confounding effects to the study. However, as patients in the training set were from a single cancer center, and physicians would normally prescribe 5-fluorouracil (5-FU) based recipe for those TNM IIA or higher staged GC patients according to latest GC guidelines, the postoperative treatments for our patients were relatively homogeneous. So we did not include this data in the present. Second, our TRM staging system was similar to the TNM staging system. We just replaced the pN stage with the LNR stage, based on which the novel TRM staging system was constructed. Actually, we could improve our TRM staging system with the better combination of the LNR stage and pT stage, but we think that the staging system will include additional non-anatomical factors in the future.



Conclusion

Our findings showed that the LNR and TRM staging systems could better estimate the 5-year OS than the 8th edition AJCC pN staging and TNM staging system, due to less stage migration. However, a more extensive lymph node dissection and to standardize the LNR cutoff value is still needed to extend and use LNR/TRM staging system.
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