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Objective

To compare overall survival (OS) and cancer-specific survival (CSS) in renal pelvic urothelial carcinoma (RPUC) patients treated with radical nephroureterectomy (NU) and inadvertent radical nephrectomy (RN).



Patients and methods

In this retrospective study, patients with RPUC who underwent NU or RN diagnosed between 2004 and 2017 were identified from the Surveillance, Epidemiology, and End Results database. To adjust the confounders, the propensity score-matched analysis was conducted. The Kaplan–Meier method and log-rank test were performed to explore the effect of different surgical methods on OS and CSS.



Results

A total of 2197 cases were finally included in this analysis, among which, 187 (8.5%) patients were treated with RN and 2010 (91.5%) patients were treated with NU. Before matching, the survival analysis revealed that the OS (HR: 1.444, 95%CI: 1.197, 1.741) and CSS (HR: 1.522, 95%CI: 1.211, 1.914) of patients who received RN were worse than that of patients who received NU (p = 0.0001 and p = 0.0003, respectively). After matching, the RN group had a worse OS (HR: 1.298, 95%CI: 1.002, 1.682) than the NU group (p = 0.048). No significant difference was observed in CSS between the RN and NU groups (p = 0.282). The hierarchical analysis showed that there was no significant difference observed in OS and CSS in patients with tumor size ≤4.2 cm (p = 0.884 and p = 0.496, respectively). In tumor size >4.2 cm, both OS (HR: 1.545, 95%CI: 1.225, 1.948) and CSS (HR: 1.607, 95%CI: 1.233, 2.095) of patients who received RN were worse than those of patients who received NU (p = 0.0002 and p = 0.0005).



Conclusion

RN could lead to worse oncological outcomes than NU in patients with renal pelvis urothelial carcinoma. Accurate diagnosis of renal pelvis urothelial carcinoma is extremely important.
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Introduction

Upper tract urothelial carcinoma (UTUC) is composed of renal pelvic tumors and ureteral tumors and accounts for about 10% of kidney tumors (1–3). It is a low-incidence but aggressive malignancy with a poor prognosis. The incidence of renal pelvic tumors is approximately twice as that of ureteral tumors (3, 4). Besides, high-stage diseases (5, 6) are often observed in renal pelvic tumors at the time of first diagnosis. Regardless of the location of primary tumors, radical nephroureterectomy (NU) with bladder cuff resection is considered as the gold-standard treatment for non-metastatic UTUC (7–11). Conversely, in the management of renal cortical tumors, the types of surgery, including partial nephrectomy or radical nephrectomy (RN) with or without lymph node dissection, are selected depending on the location and tumor size of primary tumors (12).

The diagnosis of renal cancer, including both renal cortical tumor and renal pelvic tumor, relies heavily on abdominal imaging studies and invasive procedures such as ureteroscopy (13–15). Contrast-enhanced computed tomography and magnetic resonance imaging are the diagnostic mainstay for renal cancer (16). Due to its high sensitivity and specificity, renal biopsy prior to RN is not required for patients with imaging-diagnosed renal cell carcinoma. Sometimes, when a renal pelvis tumor infiltrates the renal cortex, it is difficult to differentiate intrarenal transitional cell carcinoma from centrally located renal cell carcinoma by imaging alone (17, 18). This phenomenon has resulted in some renal pelvic urothelial carcinomas (RPUC) being misdiagnosed as renal cell carcinomas, leading to the selection of RN when making the surgical decision. Currently, there are few reports on the misdiagnosis of intrarenal urothelial carcinoma as infiltrative renal cell carcinoma based on preoperative imaging (19). The impact of this error on the survival of patients with RPUC remains unclear. Some studies suggest that these changes in surgical management may lead to worse oncologic outcomes (20).

In this study, we recognized RPUC patients who were misdiagnosed as renal cell carcinoma and underwent RN from the Surveillance, Epidemiology, and End Results (SEER) database. Overall survival (OS) and cancer-specific survival (CSS) were compared in patients with RPUC who received RN and nephroureterectomy (NU) by adjusting for confounders using propensity score-matched (PSM) analysis.



Patients and methods


Population

Patients with pathologically confirmed RPUC who were diagnosed with renal cortical tumor (site code C64.9) and underwent RN between 2004 and 2017 were identified from the SEER database (Username: 10450-Nov2021). These patients were compared to patients with renal pelvic tumors (site code C65.9) and underwent NU.

The inclusion criteria were as follows: (1) patients with pathological diagnosis of RPUC, (2) age ≥18 years, (3) patients in stage M0, and (4) the histological subtypes of 8120/3, 8122/3, 8130/3, 8131/3. The exclusion criteria were (1) two or more primary tumors (2303) and (2) unknown tumor size (158).



Data collection

The following clinical features were collected: age at diagnosis, year of diagnosis, marital status, sex, race, tumor size, laterality, grade, T, N, surgery of the primary tumor, systemic therapy, radiation, chemotherapy, survival time, and vital status. Age and tumor size were coded as continuous variables. For marital status, “divorced”, “separated”, “single”, “widowed”, “unmarried”, and “Unknown” were included in the “Unmarried/unknown” cohort. Race was divided into “White”, “Black”, and “Other” groups. Follow-up time for OS was calculated between diagnosis and death due to any cause, while CSS was calculated between diagnosis and death due to this cancer.



Statistical analysis

Variables were reported with medians and interquartile ranges for continuous variables or frequencies and percentages for categorical variables. The differences between the two groups were analyzed using Mann–Whitney U and chi-square tests for continuous and categorical variables, respectively. To balance the confounders, we performed a 1:1 PSM analysis (logistic) between patients who underwent RN and NU, including age, marital status, sex, race, tumor size, laterality, grade, T, N, systemic therapy, radiation, and chemotherapy. The best cut-off value for tumor size was determined using X-tile based on survival status (21). The OS and CSS were analyzed using the Kaplan–Meier method and log-rank test. All statistical analyses were performed using SPSS 25.0 (IBM, Armonk, NY, USA) and R (version 4.1.1). Two-sided p < 0.05 was set as the cut-off criteria.




Results


Clinicopathological features

According to the inclusion and exclusion criteria, a total of 2197 cases were finally included in this analysis, among which, 187 (8.5%) patients were treated with RN and 2010 (91.5%) patients were treated with NU. All baseline characteristics are summarized in Tables 1, 2. After the 1:1 PSM, in both the OS and CSS cohorts, patients who underwent RN had larger tumor size (both p < 0.001). Besides, year of diagnosis, race, N stage, and systemic therapy were also different between patients receiving RN and NU.


Table 1 | The baseline demographic and clinicopathological features of patients with renal pelvic urothelial carcinoma in the overall survival cohort.




Table 2 | The baseline demographic and clinicopathological features of patients with renal pelvic urothelial carcinoma in the cancer-specific survival cohort.





Survival analysis

The median follow-up time was 42 (interquartile range 18–79) months for the entire cohort. Among all patients, 1177 (53.6%) died before the last follow-up, of which 795 (36.2%) patients died from RPUC.

To compare prognostic differences between patients receiving PN and RN, the Kaplan–Meier method and log-rank test were performed. Before matching, the survival analysis revealed that the OS (HR: 1.444, 95%CI: 1.197, 1.741) and CSS (HR: 1.522, 95%CI: 1.211, 1.914) of patients who received RN were worse than those of patients who received NU (p = 0.0001 and p = 0.0003, respectively) (Figure 1). After matching, the RN group had worse OS (HR: 1.298, 95%CI: 1.002, 1.682) than the NU group (p = 0.048). No significant difference was observed in CSS (HR: 1.190, 95%CI: 0.8669, 1.634) between the RN and NU groups (p = 0.282) (Figure 1).




Figure 1 | The Kaplan–Meier analysis of renal pelvic urothelial carcinoma treated with nephroureterectomy or radical nephrectomy. NU, nephroureterectomy; RN, radical nephrectomy; OS, overall survival; CSS, cancer-specific survival; HR, hazard ratio.



To explore the role of RN and NU in patients with different tumor sizes, X-tile was performed to divide the entire cohort into small tumor size (≤4.2 cm) and large tumor size (>4.2 cm) groups (Figure 2A). The hierarchical analysis showed that no significant difference was observed in OS (HR: 1.025, 95%CI: 0.735, 1.429) and CSS (HR: 0.845, 95%CI: 0.519, 1.374) in patients with tumor size ≤4.2 cm (p = 0.884 and p = 0.496, respectively). In tumor size >4.2 cm, both OS (HR: 1.545, 95%CI: 1.225, 1.948) and CSS (HR: 1.607, 95%CI: 1.233, 2.095) of patients who received RN were worse than those of patients who received NU (p = 0.0002 and p = 0.0005, respectively) (Figure 2B).




Figure 2 | The hierarchical analysis of survival in different tumor sizes. (A) The tumor size was divided as two groups by X-tile. (B) The Kaplan–Meier analysis of renal pelvic urothelial carcinoma in different tumor sizes. NU, nephroureterectomy; RN, radical nephrectomy; OS, overall survival; CSS, cancer-specific survival; HR, hazard ratio.






Discussion

In this retrospective study, we reported 187 patients (8.5%) with RPUC misdiagnosed as renal cell carcinoma who underwent RN between 2004 and 2017. In most cases, renal cancer is only assessed with abdominal imaging before surgery, and biopsy is not required. However, when kidney cancer infiltrates the renal pelvis or renal pelvic cancer infiltrates renal cortex, it is difficult to differentiate these two cancers by imaging alone, which leads to the misdiagnosis of renal pelvic urothelial carcinoma.

The summarized baseline characteristics showed that tumor size, year of diagnosis, race, N stage, and systemic therapy were different between patients who underwent RN and NU. Before PSM, both OS and CSS of patients treated with RN were worse than those of NU. After PSM, worse OS was observed in patients who underwent RN. No significant difference was observed in CSS between the RN and NU groups. The hierarchical analysis showed that worse OS and CSS were observed in patients who underwent RN with larger tumor size (>4.2 cm). The misdiagnosis of RPUC and the undergoing of RN also tend to occur in larger tumors due to similar renal masses (20). The worse oncologic outcomes observed in RPUC that underwent RN compared to that of NU cannot be accurately evaluated due to the present data. Some reasons could explain this disadvantage. The incomplete excision of the ureter and bladder cuff may increase the risk of tumor recurrence (22, 23). RPUC patients misdiagnosed as renal cortical tumor, even if postoperative pathology corrects the diagnosis, still results in missed opportunities for certain treatments, such as neoadjuvant chemotherapy, which can improve the outcomes of patients with high-risk or advanced RPUC (24–27). The standard extent of lymph node dissection for renal cortical tumors is not fully suitable for RPUC (28). Moreover, our study revealed that RN was related to worse survival especially in patients with larger tumors. Larger tumor size is associated with higher risk of muscle-invasive or non-organ-confined RPUC and higher risk of postoperative recurrence (29, 30). For smaller tumors, NU is also strongly recommended for better survival considering the multifocal nature of urothelial carcinoma, although no differences in OS and CSS were observed in this study.

The diagnosis of RPUC still mainly depends on computed tomography urography, ureteroscopy, and urine cytology (31). For both ureteroscopy and urine cytology, adequate samples are extremely important, considering variability and low sensitivity and specificity (32, 33). Considering the limitations of ureteroscopy in the diagnosis of muscle-invasive and high-grade RPUC, renal biopsy is recommended for the diagnosis of RPUC. These modalities can be combined to improve the accuracy of preoperative diagnosis. When conducting RN in suspected RPUC, the intraoperative frozen section may be helpful for the diagnosis (20). Most importantly, surgeons should be wary of urothelial carcinoma of the renal pelvis when performing RN in patients with renal cancer that has invaded the renal pelvis and has no pathological basis.

Some limitations of this study are as follows: 1. This is a retrospective study limited by its inherent bias. 2. The recurrence information was not included in the SEER database, leading to missing the recurrence-free survival. 3. The SEER database does not include information on preoperative hydronephrosis and surgical margin status. 4. The use of PS methods to adjust the confounders may lead to the exclusion of certain subsets that might influence the comparison. 5. There may be some variables or confounders that influence clinical decisions and outcomes that were not measured.



Conclusion

Patients with RPUC misdiagnosed as renal cortical tumors treated with inadvertent RN had worse OS and CSS than patients treated with NU, especially in larger tumors.
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Variable*

Size(cm)

Age(year)

Year of diagnosis
2004-2010
2011-2017

Sex
Female
Male

Race
White
Black
Other/unknown

Marital status
Unmarried/unknown
Married

Laterality
Left
Right

Grade
Low(G1-2)
High(G3-4)

Gx

T!

T1
T2
T3
T4
Tx

Systemic therapy
No/unknown
Yes

Radiation
No/unknown
Yes

Chemotherapy
No/unknown

Yes

'Median (IQR); n (%).

NU, N = 1,668’

3.7 (25, 5.5)
70 (62, 78)

628 (38%)
1,040 (62%)

758 (45%)
910 (55%)

1,436 (86%)
76 (4.6%)
156 (9.4%)

647 (39%)
1,021 (61%)

819 (49%)
849 (51%)

239 (14%)
1,306 (78%)
123 (7.4%)

469 (28%)
246 (15%)
808 (48%)
130 (7.8%)
15 (0.9%)

1,427 (86%)
193 (12%)
48 (2.9%)

1,293 (78%)
375 (22%)

1,617 (97%)
51 (3.1%)

1,278 (77%)
390 (23%)

Betore match

RN, N = 147"

55 (3.6, 7.0)
69 (60, 80)

79 (54%)
68 (46%)

71 (48%)
76 (52%)

128 (87%)
12 (8.2%)
7 (4.8%)

59 (40%)
88 (60%)

4 (57%)
63 (43%)

24 (16%)
109 (74%)
14 (9.5%)

46 (31%)
7 (4.8%)
69 (47%)
25 (17%)
0 (0%)

111 (76%)
33 (22%)
3 (2.0%)

122 (83%)
25 (17%)

143 (97%)
4 (2.7%)

119 (81%)
28 (19%)

*Wilcoxon rank sum test; Pearson’s chi-squared test; Fisher’s exact test.
*RN, radical nephrectomy; NU, nephroureterectomy.

p-Value?

<0.001
0.8
<0.001

0.5

0.033

0.7

0.062

0.5

<0.001

0.001

0.12

>0.9

0.2

NU, N = 143"

35 (25, 4.4)
70 (61, 78)

141 (99%)
2 (1.4%)

66 (46%)
77 (54%)

117 (82%)
3(2.1%)
23 (16%)

47 (33%)
96 (67%)

60 (42%)
83 (58%)

35 (24%)
102 (71%)
6 (4.2%)

44 (31%)
20 (14%)
62 (43%)
17 (12%)

129 (90%)
9 (6.3%)
5(3.5%)

136 (95%)
7 (4.9%)

134 (94%)
9 (6.3%)

115 (80%)
28 (20%)

After match

RN, N = 143’

5.5 (3.6, 7.0)
69 (60, 80)

76 (53%)
67 (47%)

68 (48%)
75 (52%)

124 (87%)
12 (8.4%)
7 (4.9%)

59 (41%)
84 (59%)

81 (57%)
62 (43%)

24 (17%)
105 (73%)
14 (9.8%)

46 (32%)
7 (4.9%)
66 (46%)
24 (17%)

110 (77%)
30 (21%)
3(2.1%)

118 (83%)
25 (17%)

139 (97%)
4 (2.8%)

116 (81%)
27 (19%)

p-Value?

<0.001
>0.9
<0.001

0.8

<0.001

0.013

0.071

0.054

<0.001

<0.001

0.2

0.9
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Size(cm)

Age(year)

Year of diagnosis
2004-2010
2011-2017

Sex
Female
Male

Race
White
Black
Other/unknown

Marital status
Unmarried/unknown
Married

Laterality
Left
Right

Grade
Low(G1-2)
High(G3-4)
Gx

T!

T1
T2
T3
T4
Tx

Systemic therapy
No/unknown
Yes

Radiation
No/unknown
Yes

Chemotherapy
No/unknown

Yes

'Median (IQR); n (%).

NU, N = 2,010’

3.6 (25,5.1)
71 (63, 79)

832 (41%)
1,178 (59%)

919 (46%)
1,091 (54%)

1,734 (86%)
97 (4.8%)
179 (8.9%)

819 (41%)
1,191 (59%)

995 (50%)
1,015 (50%)

306 (15%)
1,556 (77%)
148 (7.4%)

609 (30%)
294 (15%)
945 (47%)
147 (7.3%)
15 (0.7%)

1,743 (87%)
213 (11%)
54 (2.7%)

1,609 (80%)
401 (20%)

1,953 (97%)
57 (2.8%)

1,591 (79%)
419 (21%)

Betore match

RN, N = 187"

5.0 (3.5, 7.0)
73 (63, 82)

103 (55%)
84 (45%)

88 (47%)
99 (53%)

166 (89%)
12 (6.4%)
9 (4.8%)

75 (40%)
112 (60%)

101 (54%)
86 (46%)

30 (16%)
136 (73%)
21 (11%)

64 (34%)
9 (4.8%)
86 (46%)
28 (15%)
0 (0%)

147 (79%)
37 (20%)
3 (1.6%)

160 (86%)
27 (14%)

182 (97%)
5(2.7%)

157 (84%)
30 (16%)

*Wilcoxon rank sum test; Pearson’s Chi-squared test; Fisher’s exact test.
* RN, radical nephrectomy; NU, nephroureterectomy.

p-Value?

<0.001
0.3
<0.001

0.7

0.9

0.2

0.14

<0.001

0.001

0.069

0.9

0.12

NU, N = 183"

35 (25, 4.5)

70 (60, 78)

182 (99%)
1(0.5%)

83 (45%)
100 (55%)

149 (81%)
9 (4.9%)
25 (14%)

73 (40%)
110 (60%)

87 (48%)
96 (52%)

59 (32%)
119 (65%)
5(2.7%)

60 (33%)
32 (17%)
74 (40%)
17 (9.3%)

168 (92%)
9 (4.9%)
6(3.3%)

178 (97%)
5 (2.7%)

174 (95%)
9 (4.9%)

153 (84%)
30 (16%)

After match

RN, N = 183' p-Value?

5.0 (3.5, 7.0) <0.001
73 (63, 82) 0.048
<0.001
100 (55%)
3 (45%)
0.8
85 (46%)
98 (54%)
0.014
162 (89%)
12 (6.6%)
9 (4.9%)
0.8
75 (41%)
108 (59%)
0.3
98 (54%)
85 (46%)
<0.001
30 (16%)
132 (72%)
21 (11%)
0.001
64 (35%)
9 (4.9%)
83 (45%)
27 (15%)

<0.001
146 (80%)
34 (19%)
3 (1.6%)
<0.001
156 (85%)
7 (15%)
0.3
178 (97%)
5(2.7%)
0.9
154 (84%)
29 (16%)





