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Background: The prognostic significance of the lymph node (LN) classification for small bowel neuroendocrine tumors (SBNETs) remains unknown. The aim of the present study was to evaluate and compare the prognostic assessment of different LN staging systems.

Methods: Patients with SBNETs were identified from the Surveillance, Epidemiology, and End Results (SEER) database. The X-tile program was used to determine the cutoff value of the resected lymph nodes (RLNs), negative lymph nodes (NLNs), lymph node ratio (LNR), and the log odds of positive lymph nodes (LODDS). Survival analyses were performed using Kaplan–Meier curves with log-rank test. Logistic regression analysis was used to evaluate the differences between different periods. Univariate and multivariate Cox proportional hazards models were used to assess the prognostic value of different LN staging systems on cause-specific survival (CSS). The relative discriminative abilities of the different LN staging systems were assessed using the Akaike information criterion (AIC) and the Harrell consistency index (HCI).

Result: A total of 3,680 patients were diagnosed with SBNETs between 1988 and 2014 from the SEER database. A significant difference over time (1988–1999 vs. 2000–2014) was seen in age (P <0.001), tumor differentiation (P <0.001), T stage (P <0.001), and RLN (P <0.001) subgroups. Multivariate Cox survival analysis identified that LN status stratified by the number of RLNs, NLNs, LNR, and LODDS all predicted CSS in patients with SBNETs (all P <0.05), whereas the number of positive lymph nodes (PLNs) failed (P = 0.452). When assessed using categorical variables, LODDS staging systems showed the best prognostic performance (HCI: 0.766, AIC: 7,575.154) in the whole population. Further analysis based on different RLNs after eliminating the missing data showed that when the RLNs are <12, the LODDS (HCI: 0.769, AIC: 1,088.731) maintained the best prognostic performance as well when the RLNs are ≥12 (HCI: 0.835, AIC: 825.692). Among patients with LNR scores of 0 or 1, there was a residual heterogeneity of outcomes that were better stratified and characterized by the LODDS.

Conclusion: LODDS was a better predicator of survival when LN status was stratified as a categorical variable and should be considered when assessing the prognosis of patients with SBNETs to allow a more reliable means to stratify patient survival.
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INTRODUCTION

Small bowel neuroendocrine tumors (SBNETs) comprise the third largest subgroup of gastrointestinal neuroendocrine tumors (NETs) (1). The incidence of SBNETs has tripled in the past three decades because of the development of radiological endoscopic procedures (2). Historically, the exact staging of SBNETs has been problematic for the characteristically indolent nature (3). The prognosis may vary from slowly to highly aggressive disease with remarkably different outcomes (4). This variability causes significant challenges in medical decision making and treatment. The lymph node (LN) involvement may have a substantial prognostic effect and important therapeutic implications in SBNETs (5). In the staging classification of the European Neuroendocrine Tumor Society (ENETS), the LN staging of SBNETs is classified as N0 or N1 disease depending on the absence or presence of LN involvement (6). The recently updated American Joint Committee on Cancer (AJCC) eighth edition classification stratified the previous N1 disease into N1 [number of positive lymph nodes (PLNs) <12) and N2 (PLNs ≥ 12 or large mesenteric mass) (7). However, the prognostic significance of these categories is not yet established. Therefore, increasing attention has been paid to LN status, which can be evaluated by the number of resected lymph nodes (RLNs), PLNs, negative lymph nodes (NLNs), lymph node ratio (LNR), and the log odds of positive lymph nodes (LODDS). Compared to a single parameter, LNR showed its advantage in pancreatic (8), colon (9), breast (10, 11), and ovarian cancers (12). Another parameter, LODDS, is defined as the log[(PLN + 0.5)/(NLN + 0.5)] (13, 14). A value of 0.5 is added to both numerator and denomination to avoid singularity (15, 16). The LODDS also showed superiority in predicting outcomes in bladder (17), colorectal (18), lung (19), ovarian (20), and esophageal (21) cancers. In this study, we performed a large population-based database investigation of the prognostic values of RLNs, PLNs, NLNs, LNR, and LODDS in SBNETs, which may inform treatment options and prognosis discussions and guide eligibility for clinical trials.



METHODS


Patients

Information about patients with SBNETs (site codes: C17.1, C17.2, and C17.3; histologic codes: 8013, 8150 to 8156, 8240 to 8247, 8249, and 9091) diagnosed between 1988 and 2014 according to the International Classification of Disease for Oncology, third edition (ICD-O-3), was obtained from the SEER database, a national cancer registry managed by the United States National Cancer Institute, which collected information related to sociodemography and clinicopathology. Parameters included race, age, year of diagnosis, sex, tumor site and size, tumor extension, tumor differentiation, regional LN removal, regional LN involvement, distant metastasis, surgery, and survival status. Tumor size and extension were used to determine T categories according to the AJCC eighth edition stage classification system. Tumor grade according to the World Health Organization (WHO) classification was not available in the SEER database, only tumor differentiation was retrieved. Eligibility criteria were as follows: SBNETs were the first and only malignant tumor; patient is 18 years of age or older; surgical resection was performed; there is complete LN information; and the survival time is at least one month. Cause-specific survival (CSS) was the primary outcome measure.



Statistical Analysis

Descriptive statistics was used to report the basic clinicopathological characteristics of the patients for total study population and by each diagnosis-year cohort (1988–1999 vs. 2000–2014). The cutoff points of the RLNs, NLNs, LNR, and LODDS were determined by the X-tile program by using the minimum P-values from log-rank chi-square analysis in terms of CSS (22). Survival analyses were performed using Kaplan–Meier curves with log-rank test. Logistic regression analysis was used to evaluate the influence of the different periods. Univariate Cox proportional hazards regression was used to identify potential prognostic factors. Multivariable Cox regression models were built to jointly assess the prognostic ability of the different LN staging schemes and other potential prognostic indicators. The Akaike information criterion (AIC) and the Harrell consistency index (HCI) were used to assess the relative discriminative power of different LN staging systems. An HCI of 0.5 indicated no predictive power, and an HCI of 1 indicated complete differentiation (23). In general, a predictive model with a high HCI indicated a better discriminating ability, while a low AIC indicated a better model fit (24). All analyses were carried out with SPSS version 22.0 and R version 3.6.1. For all analysis, P <0.05 was considered significant, and all tests were two-tailed.




RESULT


Patient Characteristics

A total of 3,680 qualified participants with SBNETs diagnosed from 1988 to 2014 in the SEER database were enrolled in this study. The program selection details for the SEER database queries were shown in Supplementary Figure 1. The clinicopathological characteristics and distributions of different LN staging systems for the study population were shown in Table 1. The total study population consisted of 1,814 males (49.5%) and 1,866 females (50.7%). The median age at diagnosis was 59.0 years (range, 18–100 years). The median follow-up time was 53.0 months (range, 1–318 months). Overall, 304 (8.3%) SBNETs were located in the duodenum, 3,064 (83.3%) in the ileum, and 312 (8.5%) in the jejunum. According to the AJCC eighth edition staging criteria, patients with T4 disease (43.0%) were the most numerous, followed by patients with T1 disease (9.3%), T2 disease (19.7%), and T3 disease (27.9%). There were 2,963 (80.5%) patients with SBNETs who had LN metastases and 717 (19.5%) patients with no LN metastases. The median numbers of PLNs, RLNs, NLNs, LNR, and LODDS in the whole cohort were 2, 12, 7, 0.23, and −1.18, respectively.


Table 1. Demographics and clinicopathological characteristics of patients with SBNETs.
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Characteristics of the LN Staging Schemes

The threshold of PLN was determined by the AJCC eighth edition staging system. The X-tile software was used to perform log-rank chi-square analysis to estimate the cutoff value of RLNs, NLNs, LNR, and LODDS with the minimum P-values. For the RLN staging system, we used 11 as the best cutoff value and divided the RLNs into two groups as follows: RLNs ≤ 11 and RLNs > 11 (Supplementary Figure 2). For the NLN staging system, we used seven as the best cutoff value and divided the NLNs into two groups as follows: NLNs ≤ 7 and NLNs > 7 (Supplementary Figure 3). For the LNR staging system, we used 0 and 0.4 as the best cutoff values and divided the LNR into three groups as follows: LNR = 0; LNR ≤ 0.04; and LNR > 0.4 (Supplementary Figure 4). For the LODDS staging system, we used −1.3 and −0.3 as the best cutoff values and divided the LODDS into three groups as follows: LODDS ≤ −1.35; −1.35 < LODDS ≤ −0.3; and LODDS > −0.3 (Supplementary Figure 5).



Survival

Kaplan–Meier survival curves and survival data based on different LN staging systems were shown in Figure 1 for all patients. The 5-year CSS of patients without LN involvement was 90.8%, with 86.7% for with PLNs <12 and with 83.9% for those with PLNs ≥ 12 (P <0.001; Figure 1A). The 5-year CSS was 85.3% for patients with RLNs ≤ 11 and 90.3% for those with RLNs > 11 (P <0.001; Figure 1B). The 5-year CSS was 84.5% for patients with NLNs ≤ 7 and 91.1% for those with NLNs > 7 (P <0.001; Figure 1C). The 5-year CSS rates were 90.5, 89.6, and 81.8% for patients in the LNR = 0, LNR ≤ 0.4, and LNR > 0.4 subgroups, respectively (P <0.001; Figure 1D). The 5-year CSS rates were 91.6, 86.9, and 81.5% in the LODDS ≤ −1.3, −1.3 < LODDS ≤ −0.3, and LODDS > −0.3 subgroups, respectively (P <0.001; Figure 1E). These survival disparities remained among the subsets of age (P <0.001; Figure 2A), tumor site (P <0.001; Figure 2D), and tumor differentiation (P <0.001; Figure 2E) but not in the subsets of sex (P = 0.61; Figure 2C). When stratified by year of diagnosis, CSS improved significantly over time (P <0.001; Figure 2B).


[image: Figure 1]
FIGURE 1. Kaplan–Meier survival analysis according to PLN classification (A), RLN classification (B), NLN classification (C), LNR classification (D), and LODDS classification (E) for cause-specific survival in patients with SBNETs.
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FIGURE 2. Kaplan–Meier survival analysis according to age (A), year of diagnosis (B), sex (C), tumor site (D), and tumor differentiation (E) for cause-specific survival in patients with SBNETs.




Disparities Between Diagnosis-Year Cohorts

To further explore the period-specific differences observed, we performed additional analysis of diagnosis-year cohorts among patients with SBNETs. These significant differences over time were seen in age (P <0.001), tumor differentiation (P <0.001), T stage(P <0.001), and RLNs (P <0.001) subgroups, except in race, sex, tumor site, M stage, PLNs, NLNs, and LNR subgroups (Figure 3). The most common age range at initial diagnosis was ≤ 60 years in the 2000–2014 cohort, whereas it was >60 years in the 1988–1999 cohort (HR 0.680, 95% CI 0.543–0.852, P <0.001). Patients with SBNETs were more likely to have advanced T disease and RLNs ≤ 11 in the 1988–1999 cohort, whereas they were likely to have early T disease and RLNs > 11 in the 2000–2014 cohort.


[image: Figure 3]
FIGURE 3. Forest plot showing the logistic regression analyses of the difference between years of diagnosis.




Prognostic Abilities of Different LN Staging Systems in the SEER Database

Univariate Cox survival analysis indicated that the age, year of diagnosis, tumor site, tumor size, tumor differentiation, T stage, M stage, and the number of PLNs, NLNs, RLNs, LNR, and LODDS were closely related to CSS of SBNETs (Table 2). Multivariate Cox analysis was used to assess the independent prognosis of the different LN staging systems separately. Higher numbers of RLNs (HR: 0.729, 95% CI: 0.605–0.878, P <0.001; Supplementary Table 1) and NLNs (HR: 0.689, 95% CI: 0.574–0.828, P <0.001; Supplementary Table 2) were related to a better CSS. But the number of PLNs was not prognostic for CSS (PLNs = 0 as the reference; PLNs <12: HR: 1.124, 95% CI: 0.885–1.427, P = 0.338; PLNs ≥ 12: HR: 0.912, 95% CI: 0.549–1.517, P = 0.724; Supplementary Table 3). The LNR (LNR = 0 as the reference; LNR ≤ 0.4: HR: 0.952, 95% CI: 0.737–1.230, P = 0.709; LNR > 0.4: HR: 1.352, 95% CI: 1.047–1.746, P = 0.021; Table 3) and LODDS (LODDS ≤ −1.3 as the reference; −1.3 < LODDS ≤ −0.3: HR: 1.048, 95% CI: 0.832–1.320, P = 0.693; LODDS > −0.3: HR: 1.490, 95% CI: 1.221–1.818, P <0.001; Table 4) persisted as significant and independent prognostic factors of CSS.


Table 2. Univariate analysis of prognostic factors influencing CCS in patients with SBNETs.
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Table 3. Multivariate analysis of LNR influencing CCS in patients with SBNETs.
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Table 4. Multivariate analysis of LODDS influencing CCS in patients with SBNETs.
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Comparison of Prognostic Values of the Different LN Staging Systems

The LN status was evaluated as a categorical variable to analyze the prognostic discriminating power of different LN staging systems, after controlling for age, year of diagnosis, tumor size, primary tumor site, tumor differentiation, T stage, and M stage data. In the whole population, LODDS staging systems showed the best prognostic performance (HCI: 0.766, AIC: 7,575.154; Supplementary Table 4). To assess whether the ability of the predicted prognosis of different LN staging systems was affected by artificially determined cutoff values, the LN status was modeled as a continuous variable for repeated analysis. The LNR staging system had better prognostic performances (HCI: 0.766, AIC: 7,578.546; Supplementary Table 4). However, tumor differentiation was not available for approximately half of the analyzed population, and 5.8% of the patients had incomplete data for tumor size. An additional analysis was constructed that eliminated these missing data. In this sensitivity model, LODDS still had better prognostic performance (HCI: 0.795, AIC: 2,157.289; Table 5) in the categorical cohort, whereas the LNR staging system had better prognostic performance in the continuous cohort (HCI: 0.794, AIC: 2,161.076). Further analysis based on different RLNs showed that when the RLNs were insufficient (RLNs ≤ 11), the LODDS (HCI: 0.769, AIC: 1,088.731) staging system maintained the best prognostic performance as well as when the RLNs were >11 (LODDS, HCI: 0.835, AIC: 825.692). Then scatter plots were created to evaluate the relationship between LODDS and LNR (Figure 4). The correlation between LNR and LODDS was near, but not completely linear. When patients have different LNR, the LODDS has a one-to-one mapping value for each LNR, and as the LNR increases, the value of LODDS also increases.


Table 5. Prognostic performance of different lymph node staging systems by stratifying the number of RLNs after eliminating the missing data.
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FIGURE 4. Scatter plot presenting the distribution of LODDS and LNR.





DISCUSSION

SBNETs are a heterogeneous group of tumors with a wide spectrum of clinical features and different clinical outcomes (25). Regional LN involvement is one of the main metastatic patterns and the most important prognostic parameter of SBNETs (26). Therefore, accurate staging of LN status can more accurately predict cancer risk and develop postoperative treatment options and surveillance for patients with SBNETs (27). Given this, several alternative staging systems have been proposed to address the shortcomings of the LN classification of the AJCC staging system. Some researchers have evaluated different staging systems with mixed results, supporting the prognostic ability of the LNR staging system (28, 29). In the current study, we first used population-based data to assess the relative discriminative ability of different LN staging systems to predict CSS in patients with SBNETs. We found that LN status stratified by the numbers of RLNs, NLNs, LNR, and LODDS predicted CSS in patients of SBNETs, while the number of PLNs failed. After the categorization based on the data of the current study, the LODDS classification showed a better predictive value.

The importance of LN involvement in determining the prognosis of patients with SBNETs has been demonstrated (29). Our data confirm the important prognostic role of LN status in patients with SBNETs. All LN staging systems stratified patients progressively based on CSS. However, patients with PLNs <12 vs. PLNs ≥ 12 had overlapping survival curves. These findings suggested that the use of PLNs to define pN classification may had some prognostic deficiencies when patients were stratified by specific categorical cutoff values, as reported in a previous study (27).

Several studies had noted that a minimal number of LNs need to be evaluated for accurate stage. For example, Zaidi et al. (30) had advocated that accurate LN staging requires a minimum of eight LNs for examination. In this study, the optimal cut-point of RLNs was 11. A higher number of RLNs was associated with longer CSS. In view of this, we conducted subgroup studies based on different RLNs to analyze the prognostic accuracy of each LN staging system. The PLN staging systems performed relatively poorly when the RLN was insufficient (RLNs ≤ 11), whereas when RLN was >11, the PLN staging systems had a better prognostic value. This had shown that the PLN was significantly correlated with the RLN, especially when the RLN was insufficient, which may cause the missed PLNs, resulting in staging migration (31, 32).

LNR was proposed as a mean to take the total number of LN into account when evaluating LN status to avoid the stage migration phenomenon (33, 34). We noted that LNR was the best-performing model among patients when examined as a continuous variable, regardless of how many LNs were evaluated. However, for patients with either a very low or high LNR, the prognostic discriminatory ability of LNR seemed poor. These findings may be somewhat intuitive, since most clinicians would agree that a patient with one RLN and one NLN has a different prognosis compared with a patient with 12 RLNs and 12 NLNs, even though both patients have an LNR score of 1.

Although LODDS has been previously examined in a large cohort of patients with other cancers, the role of LODDS among patients with SBNETs has not been well-studied. In the present study, we noted that the heterogeneity of LODDS in patients with LNR scores of 0 or 1 indicated that the LODDS has the potential to distinguish patients with the same LNR classification but different prognosis, especially if those LNRs were 0 and 1.

Notably, we also found that LODDS had the highest discrimination in patients who had <12 RLNs. Collectively, these data strongly suggested that LODDS should be the preferred LN staging systems to stratify patients when the RLN was insufficient. Although a more complicated calculation than LNR, LODDS seems to be the most reliable method of patient stratification in N classification.

Several studies indicated that tumor grade may significantly impact the prognosis of SBNETs (35, 36). The current widely used histological grading system for NETs was firstly proposed by ENETS and endorsed by WHO in 2010 (fourth edition) (37, 38). In the SEER database, tumor grade according to the WHO 2010 classification was not available, only tumor differentiation was retrieved. This grading classification based on tumor proliferative activity was assessed by mitotic count and Ki-67 index (38). It has been revised in 2017 for pancreatic neuroendocrine neoplasms, and the fifth edition of the WHO classification of tumors of the digestive system was in press in 2019 (39). The essential change concerned the recognition that well-differentiated NETs may be of high grade, but these neoplasms remained well-differentiated genetically and distinguished from poorly differentiated neuroendocrine carcinoma. Supplementary Table 5 showed the key points of the grading scheme. Nevertheless, the cutoff level of the Ki-67 index differentiating G1 and G2 diseases was still an open issue. Strosberg et al. (36) and Khan et al. (40) suggested that the threshold to classify G1 and G2 should be revised from 2 to 5% in SBNET patients. On the other hand, Cunningham et al. found a cutoff of 1% to be more accurate than a cutoff of 2% in a study of metastatic SBNETs (41). Future studies possibly performed by additional and larger patient cohorts may contribute important data on this topic.

Regional lymphadenopathy was associated with desmoplasia and fibrosis of the mesentery forming a mesenteric mass, which may impact on clinical and staging features in SBNETs (42–44). The updated AJCC 8th edition had incorporated mesenteric masses in staging for midgut NETs, but the prognostic validity of this classification has yet to be validated. In a study of 72 cases of SBNET resections, Gonzalez et al. (45) demonstrated that the presence of a mesenteric mass was significantly associated with lymph nodal and liver metastasis, lymphovascular invasion, T3 or T4 disease, and increased disease progression and death. Malik et al. (46) also found that patients with a mesenteric mass were more likely to have advanced T status and confirmed that mesenteric involvement represented more extensive disease and was also associated with more aggressive treatment. If feasible, surgery was required for the primary tumor, regional LNs, and mesenteric masses. However, large mesenteric masses or encasement of the proximal mesenteric artery and vein may prevent safe resection (47).

This study had several limitations. First, it was a retrospective study based on the SEER database, so there were inevitably some selection biases. The SEER database lacked some clinical information such as vascular invasion, mesenteric mass, and specific locations of LN metastasis. Tumor grade according to WHO classification was not available in the SEER database. However, our findings are credible and widely applicable because the SEER database was based on the US population and clinical practice. Secondly, classification systems had changed in use during the long period and may have potentially exceeded high heterogeneity of the SBNETs. Nevertheless, although age, tumor differentiation, T status, and RLN showed disparities between diagnosis-year cohorts, LODDS showed no significant difference, indicating that the LODDS staging system had excellent applicability even if the period is long. Additionally, the disease-free survival and molecular pathologic characteristics were not available in this study, which may result in a limitation on the survival and LN metastasis analysis.



CONCLUSION

In conclusion, the current study had demonstrated that LODDS and LNR were more useful and powerful than the PLN classification for prognostic assessment for SBNETs. It should be recommended that LODDS was a better predicator of survival when LN status was stratified as a categorical variable, especially in patients with either a very low or high LNR. As such, LODDS should be considered when assessing the prognosis of patients with SBNETs to allow a more reliable means to stratify patient survival.
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Variables Patients(V = 1,959)

C-index (95% CI)

PLNs (continuous) 0.791 (0.753-0.828)
NLNs (continuous) 0.793 (0.755-0.830)
RLNS (continuous) 0.793 (0.755-0.830)
LNR (continuous) 0.794 (0.757-0.830)
LODDS (continuous) 0.792 (0.754-0.829)
PLNs 0.792 (0.754-0.830)
NLNs 0.793 (0.757-0.830)
RLNs 0.793 (0.756-0.830)
LNR 0.793 (0.756-0.831)
LoDDS 0.795 (0.759-0.831)

AIC

2,163.240
2,162.014
2,164.058
2,161.076
2,162.188
2,164.943
2,162.611
2,163.292
2,163.453
2,157.289

RLN <11

C-index (95% Cl)

0.768 (0.713-0.824)
0.762 (0.705-0.819)
0.766 (0.710-0.819)
0.765 (0.709-0.821)
0.761 (0.704-0.818)
0.765 (0.708-0.821)
0.767 (0.712-0.822)
0.769 (0.714-0.877)

AIC

1,089.694
1,089.889
1,089.631
1,089.988
1,090.623
1,090.761
1,090.050
1,088.731

RLNs > 11

C-index (95% Cl)

0.829 (0.785-0.874)
0834 (0.790-0.878)
0.832 (0.788-0.875)
0.831(0.786-0.876)
0832 (0.787-0.877)
0.834 (0.793-0.875)
0.834 (0.791-0.878)
0.835 (0.788-0.875)

AlC

827.949
830.529
828.381
829.105
830.453
829.288
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825.692

Cl, confidence interval; PLNs, positive lymph nodes; RLNs, resected lymph nodes; NLNs, negative lymph nodes; LNR, lymph node ratio; LODDS, the log odds of positive lymph nodes.
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