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A B S T R A C T   

Background: As an important kidney-sparing treatment for upper urothelial carcinoma (UTUC), 
whether endoscopic excision can be performed without sacrificing oncologic outcomes remains 
indefinite. This study aimed to investigate the prevalence and efficacy of endoscopic excision, in 
patients with non-muscle invasive UTUC (NMIUTUC) and compare them to those of radical 
nephroureterectomy (RNU). 
Methods: Using the Surveillance, Epidemiology, and End Results database, we reviewed 4347 
cases with NMIUTUC (cTis/Ta/T1-N0-M0,≤ 5.0 cm) between 2004 and 2020. Surgical treatment 
modalities included endoscopic excision and RNU. Propensity score matching analysis was used 
to minimize the selection bias between endoscopic excision and RNU, selecting 1:1 matched 
patients in the two group. 
Results: A total of 794 patients with NMIUTUC were included after matching (397:397). Patients 
who underwent endoscopic excision had worse survival outcomes compared with those of pa-
tients who underwent RNU (5-year OS: 65.3 % vs. 80.3 %, p < 0.0001; 5-year DSS: 83.2 % vs. 
94.0 %, p = 0.00021). After stratification by anatomical sites, the effect of endoscopic excision for 
NMI renal pelvis cancer was worse than RNU (5-year OS, 62.9 % vs. 82.8 %; 5-year DSS, 78.8 % 
vs. 91.6 %), while in NMI ureteral cancer, there is no statistically significant difference in OS and 
DSS between endoscopic excision and RNU. Further stratification according to tumor grade 
revealed equivalent tumor control effects of endoscopic excision and RNU in low-grade NMI 
ureteral cancer (5-year OS: 67.7 % vs. 72.5 %, p = 0.23; 5-year DSS: 87.2 % vs. 93.1 %, p = 0.17); 
while for renal pelvis tumor and high-grade ureteral tumor, endoscopic excision was related with 
significantly inferior prognosis. 
Conclusions: Only for low-grade NMI ureteral cancer, endoscopic excision and RNU are onco-
logically equivalent, indicating that endoscopic excision might be an effective option for low- 
grade NMI ureteral cancer. This result needs to be further verified in randomized controlled trials.  
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1. Introduction 

Urothelial carcinomas (UC) are the fourth most common tumor in the world, >90 % of which are bladder tumors, and upper tract 
urothelial carcinomas (UTUC) (renal pelvis and ureter cancers) account for only 5–10 % [1,2]. More than 75 % of bladder tumors are 
non-muscle invasive (NMI), while only one-third of UTUCs are NMI [3]. Disease management in patients with NMIUTUC is receiving 
increasing attention owing to a lack of high-quality evidence. 

In the past two decades, with the development of endoscopy (transurethral ureteroscopy and percutaneous nephoscopy) and 
ablation technology (new generation lasers represented by holmium laser and thulium laser) [4,5], researchers and clinicians 
worldwide have attempted to extend the applications of endoscopic kidney-sparing surgery to UTUC in order to reduce surgical trauma 
and postoperative complications [6]. However, unlike Transurethral resection of bladder tumor, which has become the standard 
treatment for NMI bladder cancer [7,8], accurately determining preoperative staging and diagnosis of UTUC is difficult for urologists 
due to the anatomical limitations of the renal pelvis and ureter. Therefore, to yield better tumor clearance [9], radical nephrour-
eterectomy (RNU) with bladder cuff removal remains the gold standard for the treatment of UTUC, as recommended by the European 
Association of Urology guidelines [2]. The purpose of endoscopic excision is to simultaneously achieve successful complete tumor 
resection and organ preservation. Studies have shown that, compared with RNU, endoscopic excision prevents the loss of kidney units 
[10], thus reducing the occurrence of long-term postoperative complications related to RNU, such as chronic kidney disease and 
cardiovascular disease [11,12]. The current microsurgical management for UTUC aims to determine whether endoscopic excision can 
achieve organ preservation while attaining favorable oncologic outcomes. 

To date, there are no prospective randomized controlled studies on endoscopic excision of UTUC, with only a few retrospective 
cohort studies investigating this topic. Additionally, most of these studies were single-center and had small sample sizes, which 
increased their risk of bias [13–18]. The Surveillance, Epidemiology, and End Results (SEER) database covers 18 United States (US) 
registries and is one of the world’s largest cancer cohorts. The SEER database can provide sufficient data on patients treated with 
endoscopic resection for NMIUTUC. This study aimed to investigate the prevalence and efficiency of endoscopic excision for NMIUTUC 
using the SEER database, and explore whether its oncological efficacy is equivalent to that of RNU. 

2. Patients and methods 

2.1. Data sources and study population 

The SEER database broadly represents the US population, covering 29 % of the nation’s population and 21 states (http://seer. 
cancer.gov) [19]. The data of patients diagnosed with first primary UTUC from January 1, 2004, to December 31, 2020, was retro-
spectively extracted from the SEER database. UTUC was identified using the International Classification of Diseases for Oncology, third 
edition codes. We included patients with UTUC of the renal pelvis (C65.9), ureter (C66.9), and histology codes of 8020, 8120, 8122, 
8130, 8131, and 8082. To accurately determine the specific mortality for UTUC, we excluded data of patients with multiple primary 
tumors. Detailed inclusion and exclusion criteria are shown in Fig. 1. We only included patients aged 40 years and older with NMI 
tumors without any metastases or lymph node involvement (i.e., cTa/Tis/T1-N0-M0). The tumors larger than 5.0 cm were also 
excluded, as theses tumors might be impossible to be removed via endoscopic excision. To improve reporting quality, our study was 
conducted in accordance with the Strengthening the Reporting of Cohort Studies in Surgery (STROCSS) 2021 guidelines [20]. This 
cohort was registered in the Research Registry (https://www.researchregistry.com) (ID: researchregistry8054). 

As the SEER database did not directly involve human subjects and all information was anonymized, the Institutional Review Boards 
of the Union Hospital of the Tongji Medical College waived ethical review and informed consent for this study. 

2.2. Definition of variables 

Survival time was defined as the date of diagnosis to the date of death, end of the study (December 31, 2017), or early withdrawal. 
Demographic and socioeconomic variables, including the year of diagnosis, age at diagnosis, sex, race, Hispanic origin, rural–urban 
residence, and median household income, were evaluated. Clinical features included the American Joint Committee on Cancer Staging 
(AJCC) TNM stage, anatomical sites, tumor size, and tumor grade. For exposure factors, Surgical treatment modalities were divided 
into two main types for comparison: endoscopic excision (site-specific surgery codes: 20, 21, 22, 23, 24, 25, 26, and 27) and RNU (site- 
specific surgery codes: 40 and 50). Patients who underwent local tumor destruction or had missing surgical information were excluded. 

2.3. Statistical analysis 

We assessed the baseline characteristics of the enrolled patients with UTUC and delineated the differences in patients with different 
surgical interventions. We used the propensity score matching (PSM) analysis to reduce selection bias in this retrospective cohort 
studies. The nearest-neighbor matching was used to match patients who underwent endoscopic excision and RNU in a 1:1 ratio. The 
propensity score takes into account variables that may be relevant to patient treatment selection, including year of diagnosis, age at 
diagnosis, sex, race, rural-urbane residence, median household income, AJCC T stage, and anatomical sites, tumor size, and tumor 
grade. Quantify the matching effect of PSM by calculating the Standardized Mean Difference (SMD). SMD = (mean of RNU group - 
mean of endoscopic excision group)/total standard deviation. Overall survival (OS) and disease-specific survival (DSS) were the main 
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outcomes and were determined using the Kaplan–Meier method. OS was defined as the survival time for all cause-of-death outcomes 
[21]. DSS was defined as the survival time for specific death associated with UTUC. Further, Survival differences between the two types 
of surgical procedures were analyzed using a multivariate Cox proportional hazard regression model. A two-tailed P value of less than 
0.05 was considered statistically significant. SEER*Stat software, version 8.3.8 and R software, version 3.6.3 (R core team, Vienna, 
Austria) were used for data collection and statistical analyses. 

Fig. 1. Inclusion and exclusion criteria for patients included in this study. Abbreviations: UTUC, upper tract urothelial carcinomas.  

Y. Ye et al.                                                                                                                                                                                                              



Heliyon 9 (2023) e22408

4

3. Results 

3.1. Baseline characteristics 

A total of 6659 patients with NMIUTUC were enrolled in this study; 69.3 % and 30.7 % had renal pelvis and ureter localizations, 
respectively. Most were 60–79 years old (63.7 %), male (58.8 %), white (87.6 %), non-Hispanic (91.8 %), middle-income (56.8 %), 
living in urban areas (86.8 %), Ta Stage (55.3 %), and low grade (37.3 %). A total of 1668 deaths was recorded, with a median follow- 
up of 4.7 years (range: 0–16.9 years) (Table S1). 

3.2. Prevalence of surgical interventions in patients with NMIUTUC 

Among the 4347 patients, 95.2 % underwent surgery as the initial treatment, of which 9.8 % underwent endoscopic excision and 
85.5 % underwent RNU (Table S1). Endoscopic excision treatment was chosen more frequently than RNU in patients who were ≥80 
years old (29.7 % vs. 19.2 %), male (64.6 % vs. 58.6 %), diagnosed in 2015–2020 (50.9 % vs. 37.7 %), and had high household incomes 
(48.1 % vs. 41.8 %), Ta- (71.2 % vs. 54.2 %), ureteral UTUC (53.8 % vs. 27.5 %), tumor size <2.0 cm (64.2 % vs. 28.1 %) and low grade 
(48.1 % vs. 36.4 %). 

Table 1 
Baseline characteristics of patients received different surgical operations after propensity score matching.  

Characteristics Endoscopic excision Radical nephroureterectomy P Value 

Total 397 (100 %) 397 (100 %)  
Age at diagnosis   0.01 

40-59 51 (12.8 %) 79 (19.9 %)  
60-79 233 (58.7 %) 198 (49.9 %)  
80+ 113 (28.5 %) 120 (30.2 %)  

Sex   0.2 
Female 141 (35.5 %) 157 (39.5 %)  
Male 256 (64.5 %) 240 (60.5 %)  

Race   0.8 
White 354 (89.2 %) 346 (87.2 %)  
Black 16 (4 %) 15 (3.8 %)  
AI/AN 2 (0.5 %) 4 (1 %)  
API 23 (5.8 %) 30 (7.6 %)  
Unknown 2 (0.5 %) 2 (0.5 %)  

Hispanic origin   0.1 
Non-Hispanic 373 (94 %) 361 (90.9 %)  
Hispanic 24 (6 %) 36 (9.1 %)  

Year of diagnosis   0.06 
2004–2009 78 (19.6 %) 98 (24.7 %)  
2010–2014 122 (30.7 %) 134 (33.8 %)  
2015–2020 197 (49.6 %) 165 (41.6 %)  

Rural/urban status   0.8 
Rural 49 (12.3 %) 55 (13.9 %)  
Urban 347 (87.4 %) 341 (85.9 %)  
Unknown 1 (0.3 %) 1 (0.3 %)  

Median house-hold income   0.5 
Low 2 (0.5 %) 5 (1.3 %)  
Median 206 (51.9 %) 212 (53.4 %)  
High 189 (47.6 %) 180 (45.3 %)  

AJCC T stage   0.3 
Ta 278 (70 %) 258 (65 %)  
Tis 14 (3.5 %) 20 (5 %)  
T1 105 (26.4 %) 119 (30 %)  

Anatomic sites   0.8 
Renal pelvis 193 (48.6 %) 188 (47.4 %)  
Ureter 204 (51.4 %) 209 (52.6 %)  

Tumor size   0.3 
0–1.0 93 (23.4 %) 103 (25.9 %)  
1.1–2.0 152 (38.3 %) 128 (32.2 %)  
2.1–3.0 97 (24.4 %) 97 (24.4 %)  
3.1–4.0 39 (9.8 %) 43 (10.8 %)  
4.1–5.0 16 (4 %) 26 (6.5 %)  

Tumor grade   0.1 
Low grade 186 (46.9 %) 188 (47.4 %)  
High grade 73 (18.4 %) 92 (23.2 %)  
Unknown 138 (34.8 %) 117 (29.5 %)  

Abbreviation: AI/AN, American Indian/Alaska Native; API, Asian or Pacific Islander. 
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For patients aged 40–70 years, there was no significant change between the frequencies of endoscopic excision and RNU. Among 
patients aged ≥70 years, the total frequencies of surgery for all procedures combined decreased with age (70–74 years: 96.4 %; 75–79 
years: 96.0 %; 80–84 years: 93.0 %; and ≥85 years: 83.4 %). The frequency of RNU decreased with age (70–74 years: 88.4 %; 75–79 
years: 84.8 %; 80–84 years: 81.8 %; ≥85 years: 67.3 %), while the frequency of endoscopic excision increased with age (70–74 years: 
8.0 %; 75–79 years: 11.1 %; 80–84 years: 11.2 %; ≥85 years: 16.1 %) (Figs. S1A–B). 

Fig. 2. Kaplan–Meier curves depicting (A) OS and (B) DSS of patients with NMIUTUC according to the type of surgical treatment modality. Ab-
breviations: OS, overall survival; DSS, disease-specific survival; NMIUTUC, non-muscle invasive upper tract urothelial carcinomas. 

Fig. 3. Kaplan–Meier curves depicting OS and DSS of patients with renal pelvis or ureteral NMIUTUC according to the type of surgical treatment 
modality. (A) OS of patients with renal pelvis NMIUTUC; (B) DSS of patients with renal pelvis NMIUTUC; (C) OS of patients with ureteral NMIUTUC; 
(D) DSS of patients with ureteral NMIUTUC. 
Abbreviations: OS, overall survival; DSS, disease-specific survival; NMIUTUC, non-muscle invasive upper tract urothelial carcinomas. 
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3.3. Survival analysis according to types of surgical intervention after PSM 

After PSM, 397 patients were enrolled in each of the endoscopic resection group and RNU group, and most characteristics were 
balanced between the two groups (p values > 0.05, absolute values of SMD <0.1) (Table 1, Fig. S2). K-M curves showed that showed 
that the OS and DSS after endoscopic excision were significantly worse than those among patients who underwent RNU than those of 
patients who underwent RNU (5-year OS: 65.3 % vs. 80.3 %, p < 0.0001; 5-year DSS: 83.2 % vs. 94.0 %, p = 0.00021) (Fig. 2A and B). 

Further, we conducted a stratified analysis according to the anatomical site of NMIUTUC. For NMI renal pelvis cancer, patients who 
underwent endoscopic excision had significantly worse OS and DSS than those who underwent RNU (5-year OS, 62.9 % vs. 82.8 %, p <
0.0001; 5-year DSS, 78.8 % vs. 91.6 %, p = 0.00057) (Fig. 3A and B). Surprisingly, for NMI ureteral cancer, the difference in survival 
between endoscopic excision and RNU was small and not statistically significant (5-year OS: 67.7 % vs. 72.5 %, p = 0.23; 5-year DSS: 
87.2 % vs. 93.1 %, p = 0.17) (Fig. 3C and D). 

Survival analysis by surgical intervention for NMI renal pelvis and ureter cancer of different tumor stages. 
After stratifying NMIUTUC patients according to stage, the 5-year OS and 5-year DSS rates were 68.6 % and 86.5 % for patients 

receiving endoscopic excision for Ta/Tis stage, 57.5 % and 74.7 % for patients receiving endoscopic excision for T1 stage, 77.4 % and 
92.5 % for patients receiving RNU for Ta/Tis stage, and 78.1 % and 91.5 % for patients receiving RNU for T1 stage, respectively 
(Figs. S3A–D). 

Further stratified analysis was performed based on tumor stages and anatomic sites. For NMI renal pelvis cancer, except for the DSS 
of Ta/Tis (p = 0.079), the OS and DSS of the endoscopic excision group in both the Ta/Tis and T1 stages were significantly worse than 
those in the RNU group (Ta/Tis, 5-year OS: 69.5 % vs. 82.6 %, p = 0.0056; 5-year DSS: 85.1 % vs. 91.0 %, p = 0.08. T1, 5-year OS: 49.3 
% vs. 83.0 % p = 0.00067; 5-year DSS: 62.6 % vs. 93.2 % p = 0.00073) (Figs. S4A–D). In contrast, for NMI ureteral cancer, the 
differences in OS and DSS between endoscopic excision and RNU in Ta/Tis and T1 stages were all small and not statistically significant 
(p > 0.05) (Figs. S5A–D). 

Survival analysis by surgical intervention for NMI renal pelvis and ureter cancer of different tumor grades. 
After stratifying NMIUTUC according to tumor grade, the OS and DSS of endoscopic excision group in low-grade NMIUTUC and 

high-grade NMIUTUC were both significantly worse than those in the RNU group (Low grade, 5-year OS: 71.1 % vs. 77.6 %, p = 0.034; 
5-year DSS: 87.2 % vs. 93.6 %, p = 0.023. High grade, 5-year OS: 45.9 % vs. 77.6 %, p < 0.0001; 5-year DSS: 68.3 % vs. 88.7 %, p =
0.0019) (Figs. S6A–D). We observed that compared with the huge gap between the two surgical methods in high-grade patients, the 
survival rate of endoscopic excision in low-grade patients is close to that of RNU. 

Fig. 4. Kaplan-Meier curves depicting OS and DSS of patients with low or high-grade renal pelvis NMIUTUC by type of surgical treatment modality. 
(A) OS and (B) DSS of patients with Tis/Ta-stage renal pelvis NMIUTUC. (C) OS and (D) DSS of patients with T1-stage renal pelvis NMIUTUC. 
Abbreviations: OS, overall survival; DSS, disease-specific survival; NMIUTUC, non-muscular invasive upper tract urothelial carcinomas. 
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Therefore, we further performed stratified analyzes of tumor grade in NMI renal pelvis and ureter cancer respectively. For NMI 
renal pelvis cancer, endoscopic excision had significantly worse OS and DSS than RNU in low or high grade (Low-grade, 5-year OS: 
68.2 % vs. 81.8 %, p = 0.0071; 5-year DSS: 84.8 % vs. 92.2 % p = 0.02. High-grade, 5-year OS: 42.8 % vs. 84.7 % p < 0.0001; 5-year 
DSS: 65.6 % vs. 89.9 % p = 0.001) (Fig. 4A–D). For low-grade NMI ureteral cancer, there was no difference in survival between 
endoscopic excision and RNU (5-year OS: 73.3 % vs. 73.8 % p = 0.82; 5-year DSS: 89.1 % vs. 95.0 % p = 0.34) (Fig. 5A and B). 
However, for high-grade NMI ureteral cancer, the tumor control effect of endoscopic excision was inferior to that of the RNU (5-year 
OS: 48.4 % vs. 68.9 % p = 0.025; 5-year DSS: 79.7 % vs. 86.8 % p = 0.25) (Fig. 5C and D). 

Further stratified analysis of surgical interventions showed that among patients who underwent endoscopic excision, the 5-year OS 
and 5-year DSS rates of the low-grade group were 71.1 % and 87.2 %, while the 5-year OS and 5-year DSS rates of the high-grade group 
were 45.9 % and 68.3 %, yielding huge prognosis gap by tumor grade. In contrast, for patients who underwent RNU, different tumor 
grades had no significant impact on postoperative survival (Figs. S7A–D). 

3.4. Multivariable Cox analyses of OS and DSS of patients with NMIUTUC 

After adjusting for confounding variables, the type of surgical procedure was an independent predictor of OS and DSS (Table 2). The 
risks of overall and disease-specific mortality of the endoscopic excision group were 1.63 times (hazard ratio [HR], 1.6; 95 % con-
fidence interval [CI], 1.37–1.94; p < 0.001) and 2.23 times (HR, 2.11; 95 % CI, 1.67–2.97; p < 0.001) higher compared to the RNU 
group, respectively. The risks were even higher in the group without surgery, with a 3.79-fold (HR, 3.79; 95 % CI, 3.14–4.58; p <
0.001) and 6.03-fold (HR, 6.03; 95 % CI, 4.59–7.91; p < 0.001) increased risks of death for OS and DSS, respectively, when compared 
to the RNU group. 

Further, we analyzed the survival of patients with UC at different sites according to the type of surgical intervention using a 
multivariate Cox regression model (Fig. 6A–D). Compared with RNU, the HRs of endoscopic excision increased with the distance of the 
tumor site from the external orifice of the urethra. Endoscopic excision was superior or equivalent to radical resection for NMI tumors 
localized in the bladder, with a HR of less than or close to 1. For ureteral tumors, the HR was slightly greater than 1, but the increase in 
T1 stage was not statistically significant. Conversely, endoscopic excision was significantly less effective compared to radical resection 
when the tumor was localized in renal pelvis. 

Fig. 5. Kaplan-Meier curves depicting OS and DSS of patients with low or high-grade ureteral NMIUTUC by type of surgical treatment modality. (A) 
OS and (B) DSS of patients with Tis/Ta-stage ureteral NMIUTUC. (C) OS and (D) DSS of patients with T1-stage ureteral NMIUTUC. 
Abbreviations: OS, overall survival; DSS, disease-specific survival; NMIUTUC, non-muscular invasive upper tract urothelial carcinomas. 
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4. Discussion 

This study characterized the prevalence and efficacy of endoscopic excision for NMIUTUC using data from over 5600 cases. To date, 
this study is the longest followed and largest cohort examining endoscopic excision for NMIUTUC [22,23]. Using the PSM model, we 
compared the efficacy between RNU and endoscopic excision, which can provide population-level evidence for urologists to choose 
surgical procedures when treating NMIUTUC. 

Endoscopic excision has been introduced in the management of localized nonmetastatic UTUC, and its efficacy is under the current 
spotlight for urologists. Endoscopic excision was initially an expedient procedure for patients with renal atrophy, renal impairment, 
solitary kidney, and bilateral tumors who cannot undergo RNU [2]. Advances in flexible devices, optics, and laser technology (thulium 
laser is the most representative) have enabled access to distal tumors localized in the upper ureter and renal pelvis for endoscopic 
tumor excision, which greatly shortened hospitalization and preserved the nephrons [4,23,24]. Additionally, preservation of normal 
anatomical cavities can provide opportunities for subsequent local drug treatment, such as Bacillus Calmette Guerin [25,26]. Evidence 
on the therapeutic efficiency of endoscopic excision of UTUC has been conflicting. Three retrospective cohort studies from Israel and 

Table 2 
Multivariable Cox analyses of overall survival and disease-specific survival of patients diagnosed with upper tract urothelial carcinoma between 2004 
and 2020.  

Characteristics OS DSS 

HR (95 % CI) p HR (95 % CI) p 

Age at diagnosis 
40-59 Reference Reference 
60-79 3.11 (2.53–3.82) < 0.001 2.04 (1.49–2.8) < 0.001 
80+ 8.2 (6.6–10.19) < 0.001 4.48 (3.2–6.28) < 0.001 

Sex 
Female Reference Reference 
Male 1.18 (1.07–1.3) 0.001 1.15 (0.97–1.36) 0.11 

Race 
White Reference Reference 
Black 1.14 (0.9–1.45) 0.26 1.23 (0.86–1.77) 0.26 
AI/AN 2.09 (1.18–3.72) 0.01 1.48 (0.47–4.63) 0.5 
API 0.95 (0.77–1.17) 0.61 0.93 (0.65–1.33) 0.68 
Unknown 0.47 (0.07–3.31) 0.44 0 (0-NA) 0.99 

Year of diagnosis 
2004–2009 Reference Reference 
2010–2014 0.95 (0.85–1.07) 0.41 1.06 (0.87–1.3) 0.54 
2015–2020 0.92 (0.78–1.08) 0.29 1.04 (0.81–1.32) 0.77 

Rural/urban status 
Rural Reference Reference 
Urban 1 (0.86–1.16) 0.99 1.19 (0.91–1.55) 0.2 
Unknown 1.69 (0.22–13.15) 0.62 0 (0-Inf) 0.99 

Median house-hold income 
High Reference Reference 
Low 1.5 (0.85–2.65) 0.17 2.98 (1.34–6.64) 0.01 
Median 1.19 (1.07–1.32) < 0.001 1.2 (1–1.44) 0.047 

Anatomic sites 
Renal pelvis Reference Reference 
Ureter 0.98 (0.88–1.09) 0.71 0.93 (0.77–1.12) 0.43 

AJCC T stage 
Ta Reference Reference 
Tis 1.17 (0.96–1.43) 0.12 1.36 (0.95–1.96) 0.1 
T1 1.18 (1.07–1.31) 0.001 1.58 (1.32–1.9) < 0.001 

Tumor size 
0–1.0 Reference Reference 
1.1–2.0 1.28 (1.05–1.56) 0.02 1.46 (1.01–2.11) 0.05 
2.1–3.0 1.31 (1.08–1.6) 0.007 1.64 (1.13–2.36) 0.01 
3.1–4.0 1.39 (1.13–1.7) 0.001 1.83 (1.26–2.66) 0.001 
4.1–5.0 1.46 (1.17–1.81) < 0.001 2.22 (1.5–3.29) < 0.001 

Tumor grade 
High grade Reference Reference 
Low grade 0.91 (0.82–1.02) 0.09 0.7 (0.58–0.85) < 0.001 
Unknown 0.93 (0.79–1.09) 0.38 0.9 (0.7–1.15) 0.4 

Surgery 
Radical nephroureterectomy Reference Reference 
Endoscopic excision 1.63 (1.37–1.94) < 0.001 2.23 (1.67–2.97) < 0.001 
None 3.79 (3.14–4.58) < 0.001 6.03 (4.59–7.91) < 0.001 

OS=Overall survival; DSS = Disease-specific survival; CI= Confidence interval; AI/AN = American Indian/Alaska Native; API = Asian or Pacific 
Islander. 
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the US concluded that OS and/or DSS of endoscopic excision in low-grade UTUC were comparable to those of RNU [14,15,27], which 
are consistent with the results of our stratified analysis for low-grade NMIUTUC, especially for low-grade NMI ureteral cancer. In a 
cohort of 198 low-grade UTUC patients from Austria, OS of endoscopic excision was worse, whereas DSS was equivalent to that of RNU 
[17]. Unfortunately, most of these studies were retrospective, single-center, and included only few cases of endoscopic excision, 
increasing the risk of bias. 

After detailed stratified analysis, our cohort study showed that the therapeutic efficacy of endoscopic excision is not comparable to 
that of RNU except in low-grade NMI ureteral tumors. Although there are advantages, current endoscopic excision technology has 
inherent limitations for UTUC treatment. Compared to lower urinary tract tumors, UTUC occurs in distal anatomic sites, which demand 
the flexibility of endoscopic instruments and the accuracy of robotic arms [25] Thus, the therapeutic efficiency of endoscopic excision 
worsens with increased distance of the tumor site from the external urethral orifice. Due to the thin ureteral wall and narrow diameter 
of the ureter, perforation may occur during the operation; thus, only experienced chief surgeons can perform these operations [28]. A 
systematic review concluded that the pathological diagnosis obtained through ureteroscopic biopsy may be at risk of undergrading and 
understaging [29]. It becomes a dilemma for surgeons when the local and/or bladder recurrence rate increases after endoscopic 
excision, even in the contralateral pelvic ureter [30,31]. In a single-center retrospective cohort of 139 UTUC patients from China, 
patients who underwent thulium laser ablation had a shorter hospitalization and less loss of renal function, but the tumor recurrence 
rate was nearly 1.7 times higher than that of the RNU group. (13.1 % vs 21.9 %) [22,23]. UTUC often has a multifocal onset and is 
prone to spreading along the urothelium. Unlike RNU, endoscopic excision cannot completely remove the urothelium from the renal 
pelvis to the bladder entrance; therefore, it is more likely to lead to recurrence. Given the many possible risks above, patients should be 
strictly selected for endoscopic excision, otherwise the protection of normal organs will only occur at the expense of tumor control. 

As our results showed, most patients with NMIUTUC selected RNU as the initial treatment for their tumors, while only 9.8 % of the 
tumors were resected via therapeutic endoscopy. This relatively low preference for endoscopic excision is partly due to the guideline 

Fig. 6. Multivariable Cox analyses assessing HRs of endoscopic excision and radical nephroureterectomy for non-muscle invasive UC according to 
different tumor sites. HR of OS of patients with (A) Tis/Ta-stage UC and (B) T1-stage UC. HR of DSS of patients with (C) Tis/Ta-stage UC and (D) T1- 
stage UC. Notes: the multivariable Cox regression model was adjusted by sex, race, age at diagnosis, year of diagnosis, ‘rural–urban residence at 
diagnosis, and median household income. Abbreviations: HR, hazard ratios; UC, urothelial carcinomas; OS, overall survival; DSS, disease- 
specific survival. 
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restrictions on indications [32], but could also be attributed to the nature of UTUC surgery itself. RNU coupled with bladder cuff 
resection provides good tumor control and is considered the gold standard for the management of UTUC patients. Unlike RNU, 
endoscopic excision has the following shortcomings: 1. it does not provide information on peripheral lymphatic involvement; 2. 
guaranteeing complete tumor resection with limited excision extension is difficult; 3. obtaining an accurate postoperative pathological 
diagnosis is difficult, raising concerns regarding its safety. Additionally, the organ-preserving desire of patients with UTUC is low due 
to the limited impairments of RNU on the patients’ personal image and short-term postoperative quality of life [33]. Clinicians and 
researchers should perform this procedure in patients with UTUC under strict indications until the efficacy of endoscopic excision has 
been fully validated. 

This study had several limitations. First, the SEER database lacks information on prognostic factors, such as hydronephrosis, 
obesity, architecture, multifocality and performance status, and comorbidities, including chronic kidney disease and cardiovascular 
disease. Thus, it is difficult to determine whether these factors affected patient’s survival. Additionally, the follow-up outcomes 
included only OS and DSS, and the results of tumor recurrence and progression could not be further analyzed. Despite these limitations, 
this study used a large-scale SEER data to provide valuable evidence for the decision-making process between RNU and endoscopic 
microsurgery in patients with NMIUTUC. 

5. Conclusions 

In this population-based matched cohort study, endoscopic excision was associated with significantly worse tumor control than 
RNU in NMIUTUC, except in low-grade NMI ureteral tumors where endoscopic excision was equally effective as RNU. Endoscopic 
excision shows promising potential as a therapeutic option; however, more studies are needed to improve the efficacy of endoscopic 
excision. Further research is also needed to validate the efficacy of endoscopic excision for UTUC. 
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