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Objective: To compare the prognostic predictive performance of six lymph node (LN) staging schemes: American Joint Committee on Cancer (AJCC) N stage, number of retrieved lymph nodes (NRLN), number of positive lymph nodes (NPLN), number of negative lymph nodes (NNLN), lymph node ratio (LNR), and log odds of positive lymph nodes (LODDS) among node-positive endometrioid endometrial cancer (EEC) patients.

Methods: A total of 3,533 patients diagnosed with node-positive EEC between 2010 and 2016 from the Surveillance, Epidemiology, and End Results (SEER) database were retrospectively analyzed. We applied X-tile software to identify the optimal cutoff value for different staging schemes. Univariate and multivariate Cox regression models were used to assess the relationships between different LN schemes and survival outcomes [disease-specific survival (DSS) and overall survival (OS)]. Moreover, Akaike information criterion (AIC) and Harrell concordance index (C-index) were used to evaluate the predictive performance of each scheme in both continuous and categorical patterns.

Results: N stage (N1/N2) was not an independent prognostic factor for node-positive EEC patients based on multivariate analysis (DSS: p = 0.235; OS: p = 0.145). Multivariate model incorporating LNR demonstrated the most superior goodness of fit regardless of continuous or categorical pattern. Regarding discrimination power of the models, LNR outperformed other models in categorical pattern (OS: C-index = 0.735; DSS: C-index = 0.737); however, LODDS obtained the highest C-index in continuous pattern (OS: 0.736; DSS: 0.739).

Conclusions: N stage (N1/N2) was unable to differentiate the prognosis for node-positive EEC patients in our study. However, LNR and LODDS schemes seemed to have a better predictive performance for these patients than other number-based LN schemes whether in DSS or OS, which revealed that LNR and LODDS should be more helpful in prognosis assessment for node-positive EEC patients than AJCC N stage.
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INTRODUCTION

Endometrial cancer (EC) was one of the most common gynecological malignancies, with 382,069 new cases expected worldwide in 2018 (1). Histologically, 80% of the EC patients belonged to type I EC, also known as endometrioid adenocarcinoma. The remaining 20% of the EC patients were type II EC that was more aggressive in nature (2). The majority of the endometrioid endometrial cancer (EEC) patients were diagnosed at an early stage with a relatively promising prognosis (3). However, the 5-year disease-specific survival (DSS) for node-positive EEC patients ranged from 44 to 77%, which suggested that considerable heterogeneity existed among these patients (4, 5). As a result, a more predictive lymph node (LN) staging system was needed for node-positive EEC patients.

It was noted that LN status has been one of the most significant prognostic factors for EEC patients (6). Recently, node-positive EC was divided into N1 (pelvic LN involvement) and N2 (para-aortic LN involvement with or without pelvic LN involvement) (7). This new N staging principle made sense from the perspective of regional LN drainage, as the pelvic LN basin harbored almost all of the uterine LN drainage while the para-aortic LN involvement might imply further progression (8, 9). However, this staging system did not take LN number or ratio into consideration, and previous studies have revealed that a higher number of positive lymph nodes (NPLN) or lymph node ratio (LNR) was related to more dreadful survival for EEC patients (10–12). So, it is necessary to further explore the prognostic significance of these LN schemes.

LNR, defined as NPLN divided by the number of retrieved lymph nodes (NRLN), has been found useful in evaluating the prognosis in node-positive EEC patients (4, 13, 14). Log odds of positive lymph nodes (LODDS) was a nascent prognostic parameter that has currently been used to assess the prognosis in various malignancies (15–18). To the best of our knowledge, little clinical evidence has recommended the most suitable LN scheme to predict the prognosis for node-positive EEC patients. Meanwhile, the prognostic role of LODDS in EEC patients has not been established in previous studies. Therefore, we conducted this study to compare the predictive performance of six different LN schemes in node-positive EEC patients.



METHODS


Data Source and Population Selection

The data were collected from the Surveillance, Epidemiology, and End Results (SEER) database consisting of ~34.6% of the cancer population in the United States (19). We extracted the relevant data through SEER*Stat software (version 8.4.6; http://seer.cancer.gov/seerstat/) with permission to access the database (Authorization Code: 17548-Nov2020). Since the data available in this program were anonymous, the requirement for informed consent was waived. We created a case listing including all EEC patients (histological codes: 8080/3, 8081/3, 8082/3, 8083/3) diagnosed between 2010 and 2016 based on the third edition of the International Classification of Disease Oncology (ICD-O-3). LN metastasis was defined as macrometastasis or micrometastasis in the sampling LN according to the pathological findings in the SEER database. Patients who met any of the following criteria would be excluded: (1) Patients with insufficient information regarding LN status, clinical–pathological characteristics, surgical, and follow-up treatment; (2) Patients without LN metastasis (N0 stage); (3) Patients without LN retrieving during the surgery; (4) T4 (bladder mucosa or rectal mucosa was invaded) or M1 (distant metastasis); (5) Patients without hysterectomy; (6) Age <18 years; (7) Patients died from surgical complications (survival time <1 month); (8) Patients with malignant tumor history. Age at diagnosis was divided into two groups (<65, ≥65) according to previous studies (20, 21).



Number of Retrieved Lymph Nodes, Number of Positive Lymph Nodes, Number of Negative Lymph Nodes, Lymph Node Ratio, and Log Odds of Positive Lymph Nodes Classification

NRLN represented the total number of retrieved LNs during the surgery. NPLN was defined as the number of positive LNs. Number of negative lymph nodes (NNLN), known as the number of negative LNs among the retrieved LNs, could be estimated as NNLN = NRLN – NPLN. LNR was calculated as NPLN/NRLN. LODDS was defined as loge [(NPLN + 0.5)/(NNLN + 0.5)], where 0.5 was added to both the denominator and numerator to avoid singularity (22). We trichotomized these five continuous variables (NRLN, NPLN, NNLN, LNR, LODDS) via X-tile software (version 3.6.1; Yale University, New Haven, CT, USA) once maximal chi-square value was reached, which was considered to represent the greatest difference in prognosis prediction among the subgroups (23, 24). In our study, NRLN was divided into three subgroups: NRLN1 (1–5), NRLN2 (6–14), NRLN3 (≥15). NPLN was divided into NPLN1 (1), NPLN2 (2–6), and NPLN3 (≥7). NNLN was categorized as NNLN1 (<5), NNLN2 (5–13), and NNLN3 (≥14). LNR was classified into LNR1 (0.01–0.15), LNR2 (0.16–0.66), and LNR3 (≥0.67). LODDS was divided into three subgroups: −4.07 < LODDS1 ≤-1.44, −1.44 < LODDS2 ≤0.49, and 0.49 < LODDS3 ≤4.32.



Statistical Analysis

We conducted a two-step Cox proportional hazard regression analysis to illustrate the association between the different LN schemes and OS. Firstly, univariate Cox regression analysis was performed to select the possible prognostic factors (p < 0.100), which would be included in the subsequent multivariate Cox regression analysis. Secondly, we conducted six multivariate Cox regression models with each model incorporating one LN scheme: Model 1 (N), Model 2 (NRLN), Model 3 (NPLN), Model 4 (NNLN), Model 5 (LNR), and Model 6 (LODDS). In order to maintain the authenticity of original data, the continuous pattern of the data was processed in the same way. Predictive performance of different LN models was assessed from multiple perspectives. AIC was adopted to evaluate the models' goodness of fit (25). Moreover, C-index was calculated to appraise the discrimination power of the LN models (26).

The correlations between the continuous patterns of NRLN, NPLN, NNLN, LNR, and LODDS were visualized and compared with scatter plot and Pearson correlation coefficient (r), respectively. Sensitivity analysis using DSS as endpoint was then performed. All analyses were performed using R software (version 3.6.1; http://www.r-project.org) and IBM SPSS 22.0 (Armonk, NY). A two-tailed p < 0.05 is recognized as statistically significant.




RESULTS


Patient Characteristics and Survival Analysis

A total of 3,533 EEC patients remained in our final study cohort. The selection process was shown in detail (Supplementary Table 1). We summarized the baseline clinical–pathological and demographic characteristics in Table 1. The median NRLN was 16 [interquartile range (IQR): 9–25], and mean NRLN was 18.47 ± 12.57. Similarly, the median NPLN and mean NPLN were 2 (IQR: 1–4) and 3.49 ± 4.68, respectively. The mean NNLN was 14.98 ± 11.67, and the median NNLN was 13 (IQR: 6–21). The mean LNR and median LNR were 0.15 (IQR: 0.08–0.33) and 0.26 ± 0.26. The mean LODDS was −1.29 ± 1.26, and the median LODDS was −1.53 (IQR: −2.20 to −0.59). More than half of the NRLN in eligible patients exceeded 15, which further ensured the accuracy of LN sampling.


Table 1. Clinical and pathological characteristics and survival analysis of patients.
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The survival probability for node-positive EEC patients increased as the increment of the value of NRLN and NNLN. For example, the 5-year OS increased from 42.7% (36.5–50.5%) for NRLN1 to 63.0% (60.3–65.9%) for NRLN3. Furthermore, this also can be validated by the restricted cubic spline analysis that mortality risk decreased as NRLN increased (Supplementary Figure 1A). However, the survival probability for node-positive EEC patients decreased as the increment of NPLN, LNR, and LODDS. For instance, the 5-year DSS was reduced from 72.1% (69.5–74.9%) for LODDS1 to 34.6% (28.7–41.9%) for LODDS3 (P < 0.001). Still, as shown in Supplementary Figure 1E, mortality risk increased as LODDS increased. The Kaplan–Meier curves for OS and DSS stratified by different LN schemes were presented in Figure 1 and Supplementary Figure 2, respectively. Six multivariate Cox models were set up, with each model incorporating one LN scheme and other prognostic factors identified in the univariate Cox regression analysis (Supplementary Table 2), which were exhibited as Model 1 (N), Model 2 (NRLN), Model 3 (NPLN), Model 4 (NNLN), Model 5 (LNR), and Model 6 (LODDS) in Table 2. We found that N stage (N1/N2) was not significantly associated with survival outcomes regardless of DSS (p = 0.253) or OS (p = 0.145).


[image: Figure 1]
FIGURE 1. Kaplan–Meier estimates of overall survival according to (A) N, (B) NRLN, (C) NPLN, (D) NNLN, (E) LNR, and (F) LODDS staging systems. NRLN, number of retrieved lymph nodes; NPLN, number of positive lymph nodes; NNLN, number of negative lymph nodes; LNR, lymph node ratio; LODDS, log odds of positive lymph nodes.



Table 2. Multivariable Cox regression analysis (Models 1–6) of prognostic predictors for OS.
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Prognostic Performance Among Number of Retrieved Lymph Nodes, Number of Positive Lymph Nodes, Number of Negative Lymph Nodes, Lymph Node Ratio, and Log Odds of Positive Lymph Nodes

We excluded N stage (N1/N2) from the comparison of prognostic performance seeing that N stage did not show any prognostic ability in Model 1. The predictive performance of the remaining five Cox models was assessed (Table 3). Model 5 (LNR) showed the lowest AIC (AIC: 14,453.81) and the highest C-index value (C-index: 0.735) among the five models in categorical pattern. Subsequently, we compared these five models in continuous pattern, which revealed that Model 5 (LNR) still had the lowest AIC (AIC: 14,456.17), but the highest C-index value was obtained by Model 6 (LODDS) (C-index: 0.736). Interestingly, we observed LODDS and LNR had almost identical C-index values in OS regardless of continuous (LODDS vs. LNR: 0.736 vs. 0.735) or categorical pattern (LODDS vs. LNR: 0.734 vs. 0.735). Therefore, it would be reckless to simply conclude LNR or LODDS as the best-performance model in predicting OS for EEC patients. Meanwhile, the C-index value for all the five models exceeded 0.70, which demonstrated a considerably good predictive accuracy (27).


Table 3. Predictive performance of different LN schemes.
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Correlation Among Different Lymph Node Schemes

Scatter plot was used to visualize the relationship among different LN schemes, which demonstrated that LNR was more correlated with LODDS than other LN schemes (r = 0.913 vs. r = 0.148, r = 0.181 and r = 0.341; all p < 0.001). Besides, LNR and LODDS were positively correlated with NPLN (Figures 2B,F); however, they were negatively correlated with NRLN (Figures 2A,E) and NNLN (Figures 2C,G). Notably, LNR and LODDS differentiate the prognosis for patients with the same NPLN even when NPLN ≤5 (Figures 2B,F). Similarly, LNR and LODDS could remain heterogeneous even when NRLN is small (Figures 2A,E). In addition, LNR was positively associated with LODDS, though the correlation between them was not precisely linear (Figures 2D,H). As shown in Figure 2D, the curve became much steeper when LNR ≤0.2 or LNR ≥0.8, which suggested that LNR increased much slower than LODDS in this range. Therefore, LODDS might perform better in predicting prognosis when LNR was either low or high.
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FIGURE 2. Scatter plots of the relationship between LNR vs. (A) NRLN, (B) NPLN, (C) NNLN, and (D) LODDS. The relationship between LODDS vs. (E) NRLN, (F) NPLN, (G) NNLN, and (H) LNR was described. NRLN, number of retrieved lymph nodes; NPLN, number of positive lymph nodes; NNLN, number of negative lymph nodes; LNR, lymph node ratio; LODDS, log odds of positive lymph nodes.




Sensitivity Analysis

We used the same approach to process DSS. Multivariate Cox analysis revealed that Model 1 (N) was not an independent risk factor for DSS either (Supplementary Table 3). In the assessment of predictive models, Model 5 (LNR) remained the best performer in the evaluation of goodness of fit, which had the lowest AIC in both continuous (AIC: 12,866.34) and categorical patterns (AIC: 12,863.51; Table 3). Similarly, LNR and LODDS still had the resembling discrimination power regardless of continuous pattern (C-index: LNR vs. LODDS = 0.738 vs. 0.739) or categorical pattern (C-index: LNR vs. LODDS = 0.737 vs. 0.737; Table 3).




DISCUSSION

The updated N staging system based on anatomic location was considered the optimal way to predict the prognosis for node-positive EC patients currently, but this LN scheme mingled EEC patients with non-EEC patients, which overlooked the fact that EEC patients had more promising outcomes than non-EEC patients (28). In our study, the American Joint Committee on Cancer (AJCC) N stage was meaningless in prognosis prediction for node-positive EEC patients after surgery, which was consistent with the previous study showing that EEC patients with isolated pelvic LN metastasis shared a similar prognosis with EEC patients with isolated para-aortic LN metastasis (29).

In terms of NRLN, previous study showed that more than 20 retrieved LNs during the surgery could benefit the survival of EEC patients; however, this study included both the node-positive and node-negative EEC patients (30). In our study, the optimal NRLN was 15, and increasing NRLN was linked to better DSS and OS, which deserved to be further evaluated. We have noticed that the NPLN scheme has been used to assess prognosis for EEC patients, which revealed that patients with only one LN involvement outperformed patients with multiple LN involvement regarding OS and DSS (12). However, not only the NPLN scheme could be affected by NRLN during the surgery but also the pathological examination procedure might have an impact on the result, which could lead to miscounting of NPLN. Similarly, the NNLN scheme shared the same concerns with NPLN (18).

The LNR scheme covered the information of both NPLN and NRLN, which was able to surmount the limitations of the above number-based LN schemes theoretically. Numerous studies had established the prognostic role of LNR scheme in other gynecological oncologies (18, 31, 32). In EC patients, the LNR scheme was deemed to be a novel independent prognostic index after surgery (4, 10, 13). However, this scheme still had its limitations. Firstly, LNR scheme was genetically not suitable for distinguishing the survival among node-negative EEC patients. Secondly, patients with different NRLN and NPLN might share identical LNRs, which brought up the obvious question on whether EEC patients with one positive LN out of one retrieved LN performed equally in OS and DDS compared to patients with five positive LNs out of five retrieved LNs. As a nascent parameter, LODDS scheme could make up for LNR, which has been thoroughly investigated in various malignancies and showed superior prognostic predictive power than the LNR scheme (15–17, 24, 33, 34).

N staging (Model 1) was washed out for not being an independent prognostic factor for survival, which suggested that more aggressive adjuvant therapy for N2 patients than N1 patients was debatable. In the current study, node-positive EEC patients with more NRLN, more NNLN, less NPLN, lower LNR, and lower LODDS performed better in DSS and OS (Table 2, Supplementary Table 3), which implied that more aggressive adjuvant therapy and closer follow-up might be arranged for these patients. Scatter plots were conducted to visualize the reciprocal correlations among these LN schemes, which revealed the tightest relationship between LNR and LODDS (Figures 2D,H). This was not hard to explain given that these two schemes were both ratio-based LN schemes.

Some strengths and limitations of this study should be noted. High-volume data from the SEER registry ensured the sophisticated generalizability and universality of this study. On the other hand, each multivariate Cox regression model was assessed not just in discrimination power but also in goodness of fit, which resulted in the addition of comprehensiveness and rigorousness to this study. Moreover, we appraised the predictive power of these models in continuous and categorical patterns to avoid data distortion. Last but not least, ratio-based LN schemes were demonstrated to be more useful in prognosis prediction for node-positive EEC patients, which provided an alternative way to assess the survival outcomes for these patients. However, several limitations in our study also needed to be noted. Firstly, as a retrospective study, selection bias was difficult to avoid, and prospective studies are welcome in the future. Secondly, some detailed information as to whether sentinel node mapping or systemic lymphadenectomy was used during the surgery and whether para-aortic LN sampling was performed had not been included in the SEER database, which might impact the assessment of NRLN. Since ratio-based LN schemes generally performed better than did number-based LN schemes, we believe that this would not significantly affect our results. Surely, more precise evaluations about LN schemes for node-positive EEC patients are welcome. Finally, the LNR ranged from 0 to 1, and the LODDS varied from negative infinity to positive infinity theoretically, but in the current study, we were confined to the setting of −4.07 < LODDS ≤4.32 and 0.01 ≤ LNR ≤1. As a result, it remained unclear whether the values exceeding these ranges had the same predictive performance.



CONCLUSION

The AJCC N staging system (N1/N2) could not differentiate the prognosis for node-positive EEC patients in our study, which might suggest that a more aggressive adjuvant therapy was not necessary for N2 EEC patients than N1 patients. Moreover, we firstly established the prognostic role of the LODDS for node-positive EEC patients. LODDS had superior discrimination power than other LN schemes in continuous pattern, but LNR performed best in categorical pattern—both of which should be more significant in predicting the survival outcomes for node-positive EEC patients than AJCC N stage.
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