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Purpose

This study aimed to compare the oncological outcomes of patients with upper tract urothelial carcinoma (UTUC) without clinical lymph node metastasis (cN0) undergoing lymph node dissection (LND) during radical nephroureterectomy (NU).



Methods

From the updated data of the Taiwan UTUC Collaboration Group, a total of 2726 UTUC patients were identified. We only include patients with ≥ pT2 stage and enrolled 658 patients. The Kaplan–Meier estimator and Cox proportional hazards model were used to analyze overall survival (OS), cancer-specific survival (CSS), disease-free survival (DFS), and bladder recurrence-free survival (BRFS) in LND (+) and LND (−) groups.



Results

A total of 658 patients were included and 463 patients without receiving LND and 195 patients receiving LND. From both univariate and multivariate survival analysis, there are no significant difference between LND (+) and LND (-) group in survival rate. In LND (+) group, 18.5% patients have pathological LN metastasis. After analyzing pN+ subgroup, it revealed worse CSS (p = 0.010) and DFS (p < 0.001) compared with pN0 patients.



Conclusions

We found no significant survival benefit related to LND in cN0 stage, ≥ pT2 stage UTUC, irrespective of the number of LNs removed, although pN+ affected cancer prognosis. However, from the result of pN (+) subgroup of LND (+) cohort analysis, it may be reasonable to not perform LND in patients with cT2N0 stage due to low positive predictive value of pN (+). In addition, performing LND may be considered for ureter cancer, which tends to cause lymphatic and hematogenous tumor spreading. Further large prospective studies are needed to validate our findings.
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Introduction

Upper tract urothelial carcinoma (UTUC), comprising renal pelvis and ureter cancer, has a higher incidence and female predominance in Taiwan than in other countries. In Taiwan, UTUC accounts for 40% of urothelial carcinomas (UCs), while it accounts for approximately 5–10% of UCs in Western countries (1–3). Radical nephroureterectomy (NU) with bladder cuff excision is the standard treatment for non-metastatic UTUC (3). According to previous studies, approximately 30–40% of lymph node involvement is discovered at the time of surgery (4); however, the percentage of patients receiving lymph node dissection (LND) varies widely. In a large population cohort of 16,619 UTUCs, 15.4% of patients underwent LND (5). Chappidi et al. revealed that the trend of LND increased from 20% (60/295) in 2004 to 33% (106/320) in 2012, which may reflect that LND is gradually becoming more acceptable for surgeons in clinical practice (6). In our recently published study, we also discovered different proportions of LND in different minimally invasive NU approaches, and robot-assisted NU had the highest LND rate (41.1%). The surgical technique and experience of surgeons also affects the rate of LND (7).

Although the benefits of LND are well-established in muscle-invasive bladder cancer (BC), the role of routine concomitant LND in UTUC, which is considered to have a similar histology and phenotype, is still controversial (8). Some physicians hypothesized that performing LND provides more accurate pathological disease staging and potentially better oncological outcomes, especially at higher T stages of UTUC (9, 10). Pathologically, lymph node metastasis is a poor prognostic factor for survival in UTUC, which might strengthen the rationale for performing LND in UTUC (11). However, it is not known if LND is clinically beneficial for patients without lymph node involvement. Nevertheless, LND may result in a higher risk of postoperative complications. A previous study demonstrated that patients receiving LND have a higher rate of hemorrhagic complications because the lymph nodes are near the great vessels (5, 12).

In the present study, based on a large retrospective cohort from multiple institutions in Taiwan, we aimed to resolve the issue of whether LND is necessary for UTUC patients with clinical node-negative status (cN0) on imaging studies before radical surgery.



Materials and Methods


Patient Collection

This study was approved by our Institutional Review Board (KMUHIRB-E(I)-20180214). We retrospectively reviewed the updated data from 15 participating hospitals under the Taiwan UTUC Collaboration Group and identified 2767 patients with UTUC. We excluded patients who did not receive NU (n = 480) and those with pathological T1 (pT1) or pTis stage disease (n = 1088). Patients with cN (+) (n = 328) disease or those lacking any variables of interest or who were lost to follow-up (n = 213) were also excluded. Finally, we included 658 patients with clinical N0 status who received NU between July 2001 and February 2021. Patients were divided into groups with and without LND (defined as LND (+) or LND (−), respectively).

In addition to the LND (+) and (−) groups, various variables were collected for analysis, including age, gender, history of BC, preoperative hydronephrosis, tumor location, tumor size, tumor focality, and important pathological features such as tumor grade, pT stage, histological variant, and lymphovascular invasion (LVI).



Definitions and Endpoints

Pathological tumor staging was based on specimens obtained after NU, with or without LND, according to the 2010 TNM (tumor, node, and metastasis) classification, and the tumor grade was defined according to the 2004 World Health Organization/International Society of Urologic Pathology consensus classification. Regular follow-up strategies follow standard guidelines. The endpoint was to compare the survival outcomes including overall survival (OS), cancer-specific survival (CSS), disease-free survival (DFS), and bladder recurrence-free survival (BRFS) between the LND (+) and LND (−) groups. The cause of death was determined by the attending doctor or death certificate.



Statistical Analysis

To compare differences between groups, we used Student’s t-test for continuous variables and Pearson’s chi-squared test for categorical variables. The Kaplan–Meier estimator was used to estimate the rates of prognostic outcomes, and survival curves were compared using the stratified log-rank test. The Cox proportional hazards model was selected to evaluate the impact of LND on prognosis, with or without correction for confounding factors. IBM SPSS Statistics software version 26 was used for the analysis. All statistical analyses were two-tailed, and p < 0.05, was considered significant.




Results

We compared the basic clinical and pathological characteristics of patients undergoing RNU between LND (+) and LND (−) groups (Table 1). A total of 658 patients were included in this study. Overall, 463 patients did not receive LND, and 195 patients received LND. The median number of LN removed is 4. There were significant differences in age (p = 0.022), Eastern Cooperative Oncology Group (ECOG) scores (p < 0.001), histological variants (p = 0.008), and pT stage (p < 0.001).


Table 1 | Clinicopathological data of cN0 UTUC patients receiving nephroureterectomy.




Survival Outcomes (OS, CSS, DFS)

As can be seen in the univariate survival analysis shown in Table 2, LND status was not associated with OS, CSS, or DFS. The overall 5-year OS rate in LND (−) patients was 68% and that of LND (+) patients was 69%. The 5-year CSS rates were 77% for LND (−) and 75% for LND (+) patients. The 5-year DFS rates were 64% for LND (−) and 60% for LND (+) patients. Kaplan–Meier analysis showed that OS (p = 0.359), CSS (p = 0.339) and DFS (p = 0.431) were not significant difference between LND (–) and LND (+) (Figures 1A-C). Furthermore, multivariate survival analysis and adjusted 5-year survival rates indicated that LND (+) was not associated with better survival outcomes (OS, p = 0.672; CSS, p = 0.770; and DFS, p = 0.489) (Table 3). Kaplan–Meier analysis also showed insignificant impact on survival (OS: p = 0.623; CSS: p = 0.792; DFS: p = 0.572) (Figures 2A-C). Regarding OS, age (p = 0.003, p = 0.016), ECOG status (p < 0.001, p = 0.001), previous BC (p = 0.008, p = 0.006), preoperative hydronephrosis (p < 0.001, p < 0.001), and pT4 stage (p < 0.001, p < 0.001) were significant in both univariate and multivariate analyses, respectively. Regarding CSS, ECOG (p < 0.001, p = 0.047), previous BC (p = 0.018, p = 0.008), concurrent BC (p = 0.002, p = 0.020), preoperative hydronephrosis (p = 0.005, p < 0.001), and pT4 stage (p < 0.001, p < 0.001) were significantly different in both univariate and multivariate analyses, respectively. Regarding DFS, concurrent BC (p < 0.001, p = 0.001), LVI (p < 0.001, p < 0.001), tumor grade (p = 0.007, p = 0.023), and pT4 stage (p < 0.001, p < 0.001) were significantly different in both univariate and multivariate survival analyses, respectively.


Table 2 | Comparative univariate survival analysis of UTUC patients receiving NU.






Figure 1 | Compare Kaplan-Meier curves between patients without receiving LND (LND (-)) or with receiving LND (LND (+)) by log-rank test. (A) Overall survival, p = 0.359. (B) Cancer-specific survival, p = 0.339. (C) Disease-free Survival, p = 0.431. (D) Bladder recurrence-free survival, p = 0.772.




Table 3 | Comparative multivariate survival analysis of UTUC patients receiving NU.






Figure 2 | Compare Kaplan-Meier curves between patients without receiving LND (LND (-)) or with receiving LND (LND (+)) after adjusting variables. (A) Overall survival, p = 0.623. (B) Cancer-specific survival, p = 0.792. (C) Disease-free Survival, p = 0.572. (D) Bladder recurrence-free survival, p = 0.232.





Bladder Recurrence (BRFS)

There was no statistically significant difference between the LND (−) and LND (+) groups in terms of BRFS in both univariate and multivariate analyses. The overall 5-year BRFS rate was 62% in LND (−) and 66% in LND (+) patients (Tables 2, 3, and Figures 1D, 2D). Additionally, multiplicity (p = 0.001 and 0.030, respectively), previous BC (p < 0.001 and p < 0.001, respectively), concurrent BC (p = 0.001 and p = 0.040, respectively), and pT4 stage (p = 0.027 and p = 0.042, respectively) significantly correlated with BRFS in both analyses.




Discussion

Whether routine LND at the time of NU should be performed in non-metastatic UTUC patients has always been debated, especially for patients with cN0 status. Previous studies have demonstrated the benefits of LND for oncological outcomes in advanced UTUC. Furuse et al. found that removal of defined systematic regional nodal areas can improve survival in cTanyN0M0, but that there was no significant benefit at the pTis-1 stage (13). Similar results were also observed in Dong’s research; LND was associated with a better survival benefit in cN0 patients, especially in the muscle invasive stage. Even after receiving adjuvant therapy, patients receiving LND still have better outcomes than those who do not receive LND (14). In contrast, Inokuchi et al. indicated that there was no therapeutic benefit of LND, even in clinically advanced T stage disease (15). According to the latest EAU 2020 guidelines, LND is unnecessary in cases of non-muscle invasive disease due to the low risk of LN metastasis; therefore, we only focused on patients with pT2–4 stage disease (3). In the present study, using a multiple institution patient cohort from a real-world database, we found that for cN0 patients, LND did not improve survival in patients with pT2–4 stage disease.

The assumption of better survival outcomes after performing LND is based on the finding that LN metastasis is a poor risk factor for cancer prognosis in UTUC, which has been well established before (16, 17). Nevertheless, some other studies have failed to find a significantly better prognosis in patients with pN0 and pNx stage UTUC who underwent LND (18, 19). The incidence of LN metastasis increases with higher T stage, with a reported incidence of approximately 60% for ≥pT3 disease (20). It remains difficult to declare that LND is needed if the patient has suspected LN metastasis, not to mention cN0 stage, which reflects a lack of suspicious LN involvement before surgery. Simultaneous LND increases the operation time and increases the risk of perioperative complications, including bleeding and chylous lymphatic leakage, which may be a concern for surgeons (21). In the current study, there was no significant benefit to the survival of patients with UTUC after receiving LND without clinical LN involvement. To ensure cohort homogeneity, we only included patients with ≥pT2 disease, which is considered to have a higher incidence of LN metastasis. We demonstrated that pT stage is a strong prognostic factor for OS, CSS, and DFS outcomes in multivariate analysis, which has been well established in previous studies (22, 23).

The number and extent of LNDs may also be associated with the subsequent prognosis. A meta-analysis showed that the removal of a higher number of LNs was associated with better survival outcomes in patients with UTUC (24). The minimal number of LNs requiring removal is variable, but a previous analysis showed that 8 LNs is the threshold for the improvement of survival in non-metastatic UTUC patients (25). Chappidi et al. demonstrated that removing over 5 LNs can improve CSS compared to that with 1–4 nodes removed (6). In our study, we did not find an association between number of nodes removed and survival, although the mean number of LNs removed (7.46 LNs) was comparable to that in previous studies (OS, p = 0.909; CSS, p = 0.893; and DFS, p = 0.196). Xylinas et al. (20) reported that there will be more missing positive lymph nodes if fewer LNs are removed; therefore, LND is necessary for accurate nodal metastasis status assessment and better postoperative clinical decision-making regarding the follow-up schedule. The distribution of LN metastasis differs between tumor locations; therefore, regional LN template removal according to tumor location is likely more important than the number of LNs that were removed. Kondo et al. also could not find whether the number of LNs removed affected survival in patients with pT2 or higher UTUC; instead, they discovered that the most critical factor regarding whether to remove regional LNs is completely based on the template according to tumor location (26). Matsumoto et al. demonstrated that template-based LND in patients with cN0 UTUC according to tumor anatomical location has better long-term oncological outcomes (27).

The location of UTUC tumors is a prognostic factor that was found to affect survival in previous studies and that ureter tumors have a worse survival rate than tumors in the renal pelvis. One possible hypothesis is that the thicker anatomic barrier of the renal pelvis than that of the ureter leads to more lymphovascular space with a lower chance of spreading out (6, 28). In the present study, we further compared the survival differences between the ureter and renal pelvis tumors in the LND (+) group. No significant differences in OS, CSS, DFS, and BRFS were observed between the renal pelvis and ureter tumors. This demonstrated that performing LND may provide a greater survival benefit in ureter cancer, which is considered to have a higher risk of lymphatic and hematogenous spread than renal pelvis cancer in cN0 stage patients. In the LND (+) group, 18.5% of the patients had pathological LN metastasis. Patients with pathological LN-positive disease (pN1+pN2) had significantly shorter CSS (p = 0.010) and DFS (p < 0.001) than those with no pathological LN metastasis (pN0) (Figures 3A, B). The results suggest that meticulous LND during NU may have a therapeutic effect in LN-positive patients, provide accurate staging, and enable postoperative risk stratification for patient counseling. However, we discovered more patients with advanced T stage in the pN (+) subgroup of the LND (+) cohort (T2: 4/47 = 8.5%, T3+T4: 32/147 = 21.8%); the worse survival rate may be due to the more advanced T stage. Pelcovits et al. also observed that some patients with good OS in the pN (+) populations are more likely to have lower stage and lower grade disease (11). The positive predictive value of LND was low at the T2 stage; therefore, for more favorable disease biology (lower stage), NU without LND may be acceptable. The most crucial point is not the number of LNs removed, but the removal of positive LN metastasis. Until now, accurate preoperative clinical staging and assessment of LN invasion in UTUC is difficult (29). Misdiagnosis is a concern for surgeons, and LND may be considered a good method for LN staging, which is a key prognostic factor (24).




Figure 3 | Compare Kaplan-Meier curves in LND (+) group between patients with pN0 and pN1+pN2 by log-rank test. (A) Cancer-specific survival, p = 0.010. (B) Disease-free Survival, p < 0.001.



Although this study provides important insights into the impact of LND in cN0 stage UTUC, it has some limitations. First, it was performed with a retrospective design including multiple institutions in Taiwan, so a heterogeneous background may exist. Second, this database does not have information regarding the anatomical sites or extent of LND, which may be associated with survival outcomes in UTUC patients. The extent of LND is decided by individual surgeons, so we cannot analyze the effect of the extent of LND on survival outcomes. Furthermore, the lack of centralized image review before surgery may lead to misdiagnosis of clinical N stage. Moreover, because it includes a large cohort from many institutions, even if we have included many covariants, it may have some unavoidable selection bias. Therefore, further prospective studies are warranted to determine the benefits of LND.



Conclusions

We demonstrated that although pN (+) status has worse survival, performing LND in patients with muscle-invasive cN0 stage UTUC did not show a significant benefit regardless of the number of LNs removed. However, based on the results of the pN (+) subgroup of the LND (+) cohort, it may be reasonable to not perform LND in patients with cT2N0 stage disease due to the low positive predictive value of pN (+). In addition, it may be suggested to perform LND for ureter cancer, which tends to result in lymphatic and hematogenous tumor spreading. Due to the potential increased risk of perioperative complications and considering the accurate staging benefit, a meticulous preoperative plan is needed to decide whether to perform LND.
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