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Purpose

We aimed to evaluate the impact of preoperative local symptoms on prognosis after radical nephroureterectomy in patients with upper tract urothelial carcinoma (UTUC).



Methods

This retrospective study consisted of 2,662 UTUC patients treated at 15 institutions in Taiwan from 1988 to 2019. Clinicopathological data were retrospectively collected for analysis by the Taiwan UTUC Collaboration Group. The Kaplan-Meier method was used to calculate overall survival (OS), cancer-specific survival (CSS), disease-free survival (DFS), and bladder recurrence-free survival (BRFS). The prognostic value of preoperative local symptoms in OS, CSS, DFS, and BRFS was investigated using Cox proportional hazards models.



Results

The median follow-up was 36.6 months. Among 2,662 patients, 2,130 (80.0%) presented with hematuria and 398 (15.0%) had symptomatic hydronephrosis at diagnosis. Hematuria was associated with less symptomatic hydronephrosis (p <0.001), more dialysis status (p = 0.027), renal pelvic tumors (p <0.001), and early pathological tumor stage (p = 0.001). Symptomatic hydronephrosis was associated with female patients (p <0.001), less dialysis status (p = 0.001), less bladder cancer history (p <0.001), ureteral tumors (p <0.001), open surgery (p = 0.006), advanced pathological tumor stage (p <0.001), and postoperative chemotherapy (p = 0.029). Kaplan-Meier analysis showed that patients with hematuria or without symptomatic hydronephrosis had significantly higher rates of OS, CSS, and DFS (all p <0.001). Multivariate analysis confirmed that presence of hematuria was independently associated with better OS (HR 0.789, 95% CI 0.661–0.942) and CSS (HR 0.772, 95% CI 0.607–0.980), while symptomatic hydronephrosis was a significant prognostic factor for poorer OS (HR 1.387, 95% CI 1.142–1.683), CSS (HR 1.587, 95% CI 1.229–2.050), and DFS (HR 1.378, 95% CI 1.122–1.693).



Conclusions

Preoperative local symptoms were significantly associated with oncological outcomes, whereas symptomatic hydronephrosis and hematuria had opposite prognostic effects. Preoperative symptoms may provide additional information on risk stratification and perioperative treatment selection for patients with UTUC.
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Introduction

Urothelial carcinoma (UC) is a malignant tumor of the lining of the urinary tract. While the majority of UCs arise in the bladder, upper tract UC (UTUC) is less common (1, 2). Unlike bladder UC, almost 60% of UTUCs are invasive at diagnosis (3–5). The standard treatment for invasive UTUC is radical nephroureterectomy (RNU) with bladder cuff excision, but the cancer often recurs after surgical intervention (2, 3). Therefore, it is important to select candidates who require adjunctive therapy in the perioperative period. Identifying useful prognostic markers for UTUC is one way to aid patient selection. Previous studies have demonstrated the prognostic significance of pathological features such as tumor stage and lymphovascular invasion (2). However, these characteristics are only obtained after RNU and cannot be incorporated into preoperative assessment. Preoperative prognostic factors are more conducive to make up for the inadequacy of clinical staging of UTUC.

UTUC is usually initially diagnosed by examination after seeking medical attention for clinical symptoms. The most common symptom of UTUC is hematuria, which occurs in approximately 70%–80% of patients (2, 6). Flank pain is the second most common symptom (20%), usually caused by obstruction of urine flow, and is closely related to hydronephrosis (7–9). Other systemic symptoms, including weight loss, general malaise, fatigue, and cachexia, may be associated with worse prognosis and should be treated promptly (2, 8, 9). Although local symptoms are common, their impact on survival outcomes in patients with UTUC remains questionable (7–14). This study aimed to evaluate the value of preoperative local symptoms on the prognosis of UTUC after nephroureterectomy.



Materials and Methods


Patient Collection and Tumor Specimens

The Taiwan UTUC Collaboration Group collected 4,813 patients from 15 institutions in Taiwan from 1988 to 2019. A total of 2,662 patients were included in this study after we excluded patients who underwent surgery other than RNU or who had incomplete medical records. This study was supervised by the review board of our institution (KMUHIRB-E(I)-20180214). RNU was performed with either an open or laparoscopic approach. The open approach used one or two incisions, such as a midline incision or a flank plus Gibson incision, while the laparoscopic approach employed a camera port to minimize trauma caused by the incision through a transperitoneal or retroperitoneal access. Lymph node dissection was performed when lymph node involvement was suspected on preoperative imaging or when lymphadenopathy was found during surgery. Intravesical chemotherapy was not routinely performed after RNU, except in patients with bladder recurrence during follow-up. Various clinicopathological data were included for analysis, including age, gender, smoking, local symptoms, dialysis, bladder cancer history, tumor location, surgical approach, pathological features (pathological T stage, pathological N stage, tumor grade, multifocality), and postoperative chemotherapy.

All tumor specimens were reviewed by genitourinary pathologists at each medical center, and the criteria for pathological characteristics were uniform. Tumor stage was defined according to the 2010 American Joint Committee Cancer TNM (Tumor, Lymph Node, Metastasis) system (15), while tumor grade was based on the 2004 World Health Organization/International Society of Urologic Pathology Consensus Classification (16).



Preoperative Symptom Assessment

Patients with hematuria may or may not have visible red urine. The presence of hematuria was determined by urinalysis prior to the diagnosis of UTUC. Patients were considered to have hematuria if urinalysis revealed more than 3 red blood cells per high-power field on two consecutive microscopic evaluations. We used renal ultrasonography, computed tomography, magnetic resonance imaging, or intravenous pyelography to detect hydronephrosis. Consistent with previous studies (10, 17), any degree of dilatation of the renal collecting system was defined as hydronephrosis. If the pelvicalyceal dilatation was caused by noncancerous condition such as urolithiasis and benign ureteral stricture, it was not considered hydronephrosis. Symptomatic hydronephrosis was defined as moderate to severe flank pain on the same side of the hydronephrosis (10). Patients with nonspecific lumbago or flank pain contralateral to UTUC were not considered symptomatic hydronephrosis. Patients were divided into two groups according to the presence of hematuria or symptomatic hydronephrosis to assess the prognostic value of local symptoms.



Follow-Up

Typically, patients were followed up every 3 months for the first 2 years after RNU. Follow-up visits were performed every 6 months from years 3 to 4, and annually after year 5 if there was no disease recurrence. Workup included a thorough history taking, physical examination, urine cytology, blood tests, chest X-ray, cystoscopy, and abdominal computed tomography. Disease progression was defined as distant metastasis or cancer development in the tumor bed or regional lymph nodes. Bladder recurrence was considered an independent entity for survival analysis. Cancer-specific and overall mortality was determined by reviewing death certificates and medical records.



Statistical Analysis

Differences in categorical parameters between the presence and absence of each local symptom were assessed by Pearson’s chi-square test, and continuous variables were compared by Student’s t test. The Kaplan-Meier method was used to evaluate the effect of local symptoms on overall survival (OS), cancer-specific survival (CSS), disease-free survival (DFS), and bladder recurrence-free survival (BRFS). Survival curves were compared by log-rank test, and survival time from surgery date to each endpoint (i.e., all-cause death, cancer-specific mortality, disease progression, bladder recurrence) or last visit was calculated. In addition, we used Cox proportional hazards models to assess the effect of each variable on oncological outcomes. The effects of all variables on each survival rate were examined in univariate analysis, and statistically significant variables were adjusted to evaluate their prognostic value in multivariate analysis. We used SPSS 26.0 (SPSS Inc., Chicago, IL, USA) for all analyses and p <0.05 was defined as statistically significant.




Results


Clinicopathological Data and Preoperative Symptoms

The median and mean follow-up was 36.6 and 47.7 months, respectively. This study consisted of 2,662 UTUC patients, including 1,465 (55.0%) women and 1,197 (45.0%) men. Demographic and clinicopathological characteristics were compared according to the presence of hematuria (Table 1) and symptomatic hydronephrosis (Table 2). Hematuria occurred in 2,130 (80.0%) patients. Table 1 shows that patients with hematuria were associated with less symptomatic hydronephrosis (p <0.001), more dialysis status (p = 0.027), renal pelvic tumors (p <0.001), early pathological T stage (p = 0.001), less disease progression (p = 0.007), fewer cancer-specific deaths (p <0.001), and fewer all-cause deaths (p = 0.001). Several parameters were found to be not significantly different between the two groups, including age (p = 0.186), gender (p = 0.905), smoking (p = 0.443), bladder cancer history (p = 0.671), surgical approach (p = 0.732), pathological N stage (p = 0.789), tumor grade (p = 0.189), multifocality (p = 0.611), postoperative chemotherapy (p = 0.273), and bladder recurrence (p = 0.886).


Table 1 | Clinicopathological data of UTUC patients according to hematuria.




Table 2 | Clinicopathological data of UTUC patients according to symptomatic hydronephrosis.



In Table 2, 398 (15.0%) patients had symptomatic hydronephrosis at the initial presentation. They were associated with female patients (p <0.001), less hematuria (p <0.001), less dialysis status (p = 0.001), less bladder cancer history (p <0.001), ureteral tumors (p <0.001), open surgical approach (p = 0.006), advanced pathological T stage (p <0.001), postoperative chemotherapy (p = 0.029), less bladder recurrence (p = 0.015), more disease progression (p <0.001), more cancer-specific mortality (p <0.001), and more all-cause mortality (p <0.001). No differences in age (p = 0.864), smoking (p = 0.072), pathological N stage (p = 0.140), tumor grade (p = 0.157), and multifocality (p = 0.815) were observed between the two groups.



Kaplan-Meier Analysis of OS, CSS, DFS, and BRFS Based on Hematuria or Symptomatic Hydronephrosis

During follow-up, all-cause death, cancer-specific mortality, disease progression, and bladder recurrence occurred in 747 (28.1%), 378 (14.2%), 650 (24.4%), and 714 (26.8%) patients, respectively. As shown in Tables 1 and 2, the absence of hematuria or the presence of symptomatic hydronephrosis was significantly associated with more crude events in OS, CSS, and DFS (all p <0.01). In Kaplan-Meier analysis, patients with hematuria had significantly better OS, CSS, and DFS than those without hematuria (Figures 1A–C, respectively; all p <0.001). In contrast, patients with symptomatic hydronephrosis had significantly lower OS, CSS, and DFS than cases without symptomatic hydronephrosis (Figures 2A–C, respectively; all p <0.001). For BRFS, there was no significant difference according to hematuria (Figure 1D; p = 0.385) or symptomatic hydronephrosis (Figure 2D; p = 0.050).




Figure 1 | Kaplan-Meier estimates of overall survival (A), cancer-specific survival (B), disease-free survival (C), and bladder recurrence-free survival (D) according to hematuria.






Figure 2 | Kaplan-Meier estimates of the overall survival (A), cancer-specific survival (B), disease-free survival (C), and bladder recurrence-free survival (D) according to symptomatic hydronephrosis.





Cox Proportional Hazards Models for OS, CSS, DFS, and BRFS

In univariate analysis (Table 3), multiple variables were associated with poorer OS, CSS, and DFS, including advanced age, synchronous renal pelvic and ureteral tumors, open surgical approach, advanced pathological T stage, lymph node metastasis, high tumor grade, multifocality, postoperative chemotherapy, absence of hematuria, and symptomatic hydronephrosis. As for bladder recurrence, gender, smoking, bladder cancer history, tumor location, pathological T stage, and multifocality were significantly associated with BRFS.


Table 3 | Comparative univariate survival analysis of UTUC patients.



After adjusting for significant variables in multivariate analysis (Table 4), bladder cancer history was associated with worse OS and DFS. Statistically significant factors for worse OS and CSS were open surgical approach and absence of hematuria. Variables independently associated with worse OS, CSS, and DFS were advanced age, advanced pathological T stage, lymph node metastasis, high tumor grade, and symptomatic hydronephrosis. In multivariate analysis of BRFS, gender, tumor location, bladder cancer history, and pathological T stage were significantly associated with bladder recurrence.


Table 4 | Comparative multivariate survival analysis of UTUC patients.



In summary, the presence of hematuria was associated with better OS and CSS in univariate analysis (HR 0.707, 95% CI 0.598–0.836 and HR 0.626, 95% CI 0.499–0.785) and multivariate analysis (HR 0.789, 95% CI 0.661–0.942 and HR 0.772, 95% CI 0.607–0.980). On the other hand, symptomatic hydronephrosis was a significant prognostic factor for worse OS, CSS, and DFS in univariate analysis (HR 1.485, 95% CI 1.237–1.782, HR 1.883, 95% CI 1.483–2.390, and HR 1.514, 95% CI 1.247–1.838, respectively) and multivariate analysis (HR 1.387, 95% CI 1.142–1.683, HR 1.587, 95% CI 1.229–2.050, and HR 1.378, 95% CI 1.122–1.693, respectively).




Discussion

Studies have shown that systemic symptoms such as weight loss, general malaise, and fatigue are associated with poor prognosis in UTUC (2, 8, 9). However, the prognostic significance of local symptoms directly attributable to the tumor, such as hematuria and symptomatic hydronephrosis, have been poorly studied. This is the largest multicenter study investigating the prognostic value of preoperative local symptoms in UTUC, showing that hematuria and symptomatic hydronephrosis independently lead to better and worse survival, respectively. These findings suggest that hematuria and symptomatic hydronephrosis are not only helpful in disease detection, but also have prognostic value.

Although hematuria is the most common symptom of UC, few studies have investigated the prognostic role of hematuria. Ramirez et al. showed that the severity of hematuria was associated with more advanced pathological stages of bladder UC (18). However, inherent anatomical differences between the bladder and upper urinary tract may prevent extrapolation of this result to UTUC (4). Bladder UC is almost impossible to block the urinary tract before hematuria occurs. In contrast, UTUC is prone to urinary obstruction due to the small diameter of the upper urinary tract and may not present with hematuria. In the absence of hematuria, accurate diagnosis may be delayed, leading to tumor upstaging. As our results showed, the pathological tumor stage was significantly higher in patients without hematuria than in patients with hematuria (p = 0.001).

Previous studies have not established the protective effect of hematuria on UTUC (10–13, 19). Of these studies, some of them showed that hematuria was associated with better prognosis in patients with UTUC (12, 13), but not others (10, 11, 19). In the present study, the significance of hematuria in OS and CSS remained after adjustment for various clinicopathological variables. With three times the number of patients compared to the largest previous study (11), we believe that patients presenting with hematuria have better survival rates. Notably, the results were very similar if only gross hematuria was defined as hematuria (Supplementary Table).

Another key finding of the study was that symptomatic hydronephrosis predicted worse outcomes. Similar to the results of hematuria, not all previous studies showed that flank pain (11–13) or hydronephrosis (20–24) was unfavorable for the prognosis of UTUC. In current guidelines and in a recent meta-analysis, hydronephrosis is considered a high-risk feature (2, 25), but its prognostic significance is greatly reduced after multivariate adjustment (20, 21). Although high-grade hydronephrosis may be a better indicator of poor prognosis (22–24), interobserver variability and how severe hydronephrosis is significant are problematic. Symptomatic hydronephrosis was described as co-occurring flank pain and hydronephrosis, which was clearly defined and confirmed as an important prognostic factor for UTUC in a previous study (10). Notably, neither flank pain nor hydronephrosis alone was significant in multivariate analysis. Our results also supported the prognostic value of symptomatic hydronephrosis in UTUC.

Some previous studies grouped all local symptoms as a whole to assess their impact on prognosis. For example, in patients with renal cell carcinoma (RCC), those with flank pain, hematuria, and palpable tumors had a worse prognosis than those without these symptoms (26–28). Raman et al. used the same criteria, but local symptoms failed to predict outcomes in patients with UTUC (8). Although the etiology of flank pain can differ between RCC and UTUC (local mass effect and urinary tract obstruction, respectively), pain is probably related to tumor aggressiveness. On the contrary, hematuria generally represents the invasion of advanced RCC into the collecting system, but is a warning symptom for early diagnosis and prompt treatment of UTUC. In addition, Ataus et al. showed that in UTUC, patients with flank pain had lower survival than those with hematuria (13). Taken together, we believe that dissecting local symptoms in detail is important to obtain additional prognostic information.

Zhao et al. found that UTUC patients with hydronephrosis should have a shorter waiting time for surgery (13), otherwise the increased intraluminal pressure may lead to wall thinning and a greater chance of peripheral invasion of tumor cells (29). Since symptomatic hydronephrosis was a more reliable predictor of cancer invasiveness than hydronephrosis alone (10), we supposed that these patients may require more timely treatment to avoid upstaging. Another potential clinical application is for monitoring treatment efficacy. In the study by Miyake et al., down-grading of hydronephrosis after neoadjuvant chemotherapy was associated with favorable oncological outcomes (30). Likewise, relief of flank pain could reflect a favorable response to therapy and a proxy for downstaging.

This study has some limitations. First, this is a retrospective study. Second, we were unable to determine the exact extent of the patient’s local symptoms. Third, several important factors, such as surgical margins, histological variants, and tumor necrosis, were not included in the analysis because information on many patients was not available. We performed a sensitivity analysis in a limited subgroup and found similar results. To provide more information to those who may be wondering, we analyzed the effect of positive surgical margins on survival at different pT stages. As shown in the Supplementary Figure, positive surgical margins appeared to have the greatest impact on pT3 disease. Fourth, data collection was performed by collaborating with multiple medical centers, so surgical specimens were reviewed by different genitourinary pathologists and operated by different surgeons. To our knowledge, there is no consensus on the impact of local symptoms on the prognosis of UTUC. We have included most of the recognized clinicopathological variables in our comprehensive survival analysis, and this is the largest multicenter study to date evaluating the effect of preoperative symptoms on UTUC outcomes. We demonstrate that preoperative local symptoms are important prognostic factors, and our promising results support further prospective studies for validation.

In conclusion, symptomatic hydronephrosis was an independent prognostic factor for worse disease outcomes, while the presence of hematuria was associated with better survival. Preoperative local symptoms could be a novel variable to risk stratify patients with UTUC and help physicians make better treatment decisions.
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