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Purpose

This study aimed to evaluate the oncological outcome of delayed surgical wait time from the diagnosis of upper tract urothelial carcinoma (UTUC) to radical nephroureterectomy (RNU).



Methods

In this multicenter retrospective study, medical records were collected between 1988 and 2021 from 18 participating Taiwanese hospitals under the Taiwan UTUC Collaboration Group. Patients were dichotomized into the early (≤90 days) and late (>90 days) surgical wait-time groups. Overall survival, disease-free survival, and bladder recurrence-free survival were calculated using the Kaplan–Meier method and multivariate Cox regression analysis. Multivariate analysis was performed using stepwise linear regression.



Results

Of the 1251 patients, 1181 (94.4%) were classifed into the early surgical wait-time group and 70 (5.6%) into the late surgical wait-time group. The median surgical wait time was 21 days, and the median follow-up was 59.5 months. Our study showed delay-time more than 90 days appeared to be associated with worse overall survival (hazard ratio [HR] 1.974, 95% confidence interval [CI] 1.166−3.343, p = 0.011), and disease-free survival (HR 1.997, 95% CI 1.137−3.507, p = 0.016). This remained as an independent prognostic factor after other confounding factors were adjusted. Age, ECOG performance status, Charlson Comorbidity Index (CCI), surgical margin, tumor location and adjuvant systemic therapy were independent prognostic factors for overall survival. Tumor location and adjuvant systemic therapy were also independent prognostic factors for disease-free survival.



Conclusions

For patients with UTUC undergoing RNU, the surgical wait time should be minimized to less than 90 days. Prolonged delay times may be associated with poor overall and disease-free survival.
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1.  Introduction.

Upper tract urothelial carcinoma (UTUC) is a rare malignant tumor, which accounts for 5–10% of all urothelial carcinomas, with an estimated annual incidence of 1–2 cases per 100,000 in Western countries (1). However, this can vary between different geographical regions, age, occupation, and other factors (2). In Taiwan, according to the 2018 Cancer Registry Annual Report published by the Health Promotion Administration Ministry of Health and Welfare, a high incidence of UTUC was discovered, which represented 43% of UCs, especially in the southwest coast region (3).

Radical nephroureterectomy (RNU) with bladder cuff resection is the standard treatment for UTUC (4). Prior to surgery, besides high diagnostic accuracy of computed tomography (CT), ureteroscopy (URS) is still regarded an important step in the diagnosis of UTUC (5). Hence, a patient with localized UTUC receives at least two surgeries (URS and RNU) during the clinical management (6). Compared with bladder cancer, UTUC shows more aggressive nature, and over 60% of patients have invasive disease at the time of diagnosis (7). Urologists recommend that it is necessary for patients with a definite diagnosis to receive surgery immediately (8).

Inevitably, there are variables, such as preoperative evaluation, the pursuit of additional therapeutic opinions, limitations of surgical schedules, and patient-related reasons, that may lead to a delay from symptom onset to diagnosis, and later to surgical treatment (9). Also, the outbreak of coronavirus disease-19 (COVID-19) has had a profound global impact on all aspects of urology health care, in which non-emergency operations were postponed or cancelled. Generally, surgeons believe that prolonged surgical wait time (SWT) may have a negative impact on the patient’s clinical outcome because of the invasiveness of UTUC (8). Some studies have shown that a delay of >3months in treatment for bladder cancer may cause worse survival (10, 11). However, there are still conflicting reports on UTUC. In this study, we evaluated the impact of the delay from diagnosis to radical nephroureterectomy (RNU) on the oncological outcomes of UTUC.



2.  Methods.


2.1.  Patient population.

This study was approved by our institutional review board [KMUHIRB-E(I)-20180214] and meet the guidelines of the responsible governmental agency. We retrospectively reviewed the medical records of 18 participating Taiwanese hospitals under the Taiwan UTUC Collaboration Group and identified 4242 UTUC patients. The following patients were excluded from the analysis (
Figure 1
): those without nephroureterectomy (n = 561), without biopsy (n = 1643), without biopsy time (n = 117), without regular follow-up (n = 81), and treated with neoadjuvant chemotherapy (n = 52). In addition, we excluded patients with unknown adjuvant therapy (n = 101) and a follow-up time of <2 years (n = 436). We finally included 1251 patients who underwent RNU between July 1988 and November 2021. The patient biopsy dates were from February 14, 2000, to March 2, 2021. The patients’ operation periods were from February 22, 2000, to March 23, 2021. According to different SWTs, the patients were divided into early and late groups.




Figure 1 | 
Patient flow diagram for UTUC diagnosis.




Various parameters were collected for analysis, including sex, age, ECOG performance status, Charlson Comorbidity Index (CCI), cell type, tumor location, tumor size, and important pathological features such as pathological T stage, pathological N stage, adjuvant systemic therapy, lymphovascular invasion (LVI), surgical margin, and preoperative hydronephrosis.



2.2.  Statistical methods.

Differences between the groups were compared using the two-sample Pearson chi-square test for categorical variables. Continuous variables were tested for normality using the Kolmogorov–Smirnov test. 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 hazard model was used to assess the effect of the surgical approach on the prognostic outcomes, with and without adjusting for potential confounders. This study used stepwise regression, a method of fitting regression models in which the predictive variables were chosen using an automatic procedure. This study analyzed multiple factors affecting follow-up time and adjuvant use using stepwise linear regression. All relevant covariates, significant and non-significant, in the univariate analysis were included in the variable list to be selected. The significance levels for entry and stay were set to 0.05 and 0.1. The best regression model was then identified manually by reducing the significance levels to 0.05, corresponding to the chosen level. All statistical assessments were two-tailed and considered statistically significant at p <0.05. Statistical analyses were performed using IBM SPSS statistical software version 26.




3.  Results.


3.1.  Population characteristics.

A total 1251 patients with UTUC who underwent RNU were enrolled in the study, including 519 men (41.5%) and 732 women (58.5%). The median SWT was 21 days [interquartile range (IQR): 11.00–32.0]. The median follow-up duration was 59.5 months [IQR: 39.3–87.7]. The median age was 67.4 years [IQR: 60.6–75.1].

Clinicopathological characteristics showing the association of time from diagnosis to RNU are shown in 
Table 1
. Our study cohort were then classified according to the time from the date of URS biopsy to the date of RNU (≤90 days vs. >90 days), which was defined as SWT. There were 1181 (94.4%) patients in early SWT group and 70 (5.6%) patients in late SWT group. There were no significant differences between the two groups in terms of age, ECOG performance status, CCI, tumor pathological type, tumor location, tumor size, pathological T-stage, pathological N-stage, adjuvant systemic therapy, LVI, surgical margin, preoperative hydronephrosis, mortality, disease-free status, bladder UC after RNU, or follow-up time, except for sex (p = 0.025). Men could delay surgery more easily than women.


Table 1 | 
Baseline demographic data of variables the UTUC patients.




At the time of surgery, 621 patients (49.6%) had muscle-invasive (MI) disease (T2); however, no significant differences were noted between the two groups.



3.2.  Survival.


3.2.1.  Overall survival.

In total, 633 patients died during the follow-up period. The 5-year OS rates were 84% in the early SWT group and 79% in the late SWT groups, with no significant difference (p = 0.145).

Univariate analyses showed that age (p < 0.001), ECOG performance status (2, p < 0.001), CCI (p < 0.001), tumor location (ureter, p = 0.030), preoperative hydronephrosis (p = 0.012), LVI (p < 0.001), surgical margin (p < 0.001), and pathological T stage (p < 0.001) were associated with poor OS (
Table 2
). Multivariate analysis revealed that SWT (p = 0.011), age (p = 0.001), ECOG performance status (1 and 2, p = 0.048 and p < 0.001, respectively), CCI (p = 0.032), tumor location (ureter tumor, p = 0.022), surgical margin (p < 0.001), pathological T-stage (pT2, pT3 and pT4, p = 0.043, p < 0.001 and p = 0.001, respectively), and adjuvant systemic therapy (p = 0.030) were independent predictors of OS (
Table 3
).


Table 2 | 
Comparative univariate survival analysis the UTUC patients.





Table 3 | 
Comparative multivariable survival analysis the UTUC patients.






3.2.2.  Disease-free survival.

DFS for patients who had RNU ≤90 days and >90 days after diagnosis were 83% and 79% at 5 years after the surgery, respectively. Univariate analyses showed that age (p = 0.028), ECOG performance status (2, p = 0.026), tumor location (ureter and ureter + renal pelvis, p = 0.023 and p = 0.010, respectively), LVI (p < 0.001), surgical margin (p < 0.001), and pathological T stage (p < 0.001) were associated with poor DFS. Multivariate analysis revealed that SWT (p = 0.016), tumor location (renal pelvic and ureter tumor, p = 0.041), pathological T stage (pT2, pT3 and pT4, p < 0.001, p < 0.001 and p = 0.001, respectively), and adjuvant systemic therapy (p = 0.001) were independent predictors of DFS.



3.2.3.  Bladder recurrence free survival.

In univariate analyses, sex (p < 0.001) and tumor location (renal pelvic and ureter tumor, p = 0.025) were associated with poor BRFS. Multivariate analysis revealed that sex (p < 0.001) and pathological tumor type (p = 0.026) were independent predictors of BRFS.



3.2.4.  Kaplan–Meier analysis.

The Kaplan–Meier curve of non-muscle invasive and muscle invasive groups with different surgical wait times are compared in 
Figure 2
. Regarding low stage tumor, Kaplan–Meier analysis showed no statistical intergroup differences for OS, DFS (p = 0.274, 0.554, respectively). Muscle invasive tumors also revealed no statistical differences in OS between the early and late SWT groups (p = 0.111), whereas the early SWT group had a better DFS than the late SWT group (p = 0.033). There was no difference between the two groups with respect to BRFS, regardless of the stage.




Figure 2 | 
Survival Kaplan–Meier curves in patients with non-muscle invasive and muscle invasive UTUC comparing early and late surgical wait time to nephroureterectomy (A) overall survival, (B) disease-free survival, and (C) bladder recurrence-free survival. NMI, non-muscle invasive; MI, muscle invasive; d., day.








4.  Discussion.

In Asia, especially in Taiwan, UTUC has a higher prevalence than that in Western countries. In this multicenter retrospective study of a population-based Taiwanese database, the SWT no more than 90 days between diagnosis and radical nephroureterectomy for the UTUC is associated with a better OS and DFS. It is helpful for urologists to recognize the related risk factors. The major carcinogenic factors are occupational exposure to chemical agents and tobacco consumption. Aristolochic acid exposure (Chinese herb nephropathy) is a specific risk factor as well (12). Preoperative (such as tobacco consumption, tumor location, and multi-focality, American Society of Anesthesiology score) and postoperative factors (such as tumor stage and grade, lymph node involvement, and LVI) have been acknowledged to be prognostic factors of UTUC. Once a UTUC lesion is suspected and diagnosed, surgery should be arranged as soon as possible following the guidelines. To our best knowledge, this is the first multicenter large-scale study in Asia to evaluate the oncologic impact of SWT for the UTUC population.

In a previous study, extended SWT beyond a particular threshold has an adverse impact on the patient’s quality of life and psychological health, and even worse clinical outcomes between different urological neoplasms (8). There are some possible factors for the prolonged SWT. Objective factors, such as preoperative evaluation, limitations of the health care system, and seeking second opinions, can contribute to the delay of the surgery, while disease-related factors, may also cause prolonged interval between diagnosis and surgery. In addition, current COVID-19 pandemic has led to significant delay in urological surgeries as well (13). Many large volume hospitals are busy dealing with the pandemic. Lee et al. reported that despite the serious situation of COVID-19, we should still try to avoid delaying the operation (6). Hence, it is important to clarify how SWT affects the oncologic impact and prognosis of UTUC (14).

There is still no consensus regarding SWT for UTUC in previously published studies. This may be due to different inclusion criteria and research methods. Most studies set the cutoff time to 3 months based on previous experience with bladder cancer. Decreased OS and disease-specific survival were observed when the interval between diagnosis and cystectomy was more than 3 months (11). In a literature review, six studies were found to report on the oncologic impact of SWT on UTUC patients. Among studies using 3 months as the cutoff time, Lee et al. and Zhao et al. found worse OS and CSS after a 3-month delay in the RNU group (6, 15). However, some studies have shown contradictory results. Waldert et al. and Sundi et al. showed no significant effect of SWT on CSS and recurrence-free survival (RFS) (9, 16). Furthermore, other time intervals have also been discussed in previous publications. Lee et al. included 138 patients with a cutoff time of 1 month. The results showed that worse CSS and RFS were related to greater SWT in ureter tumor subgroup rather than overall UTUC patients (17). Xia et al. divided the cohort into 6 surgical wait-time groups, from less than 7 days to between 120 and 180 days. A surgical wait time of >120 days was correlated with worse OS (18). In the present study, a delay time of more than 90 days appeared to be associated with worse OS and DFS, and this remained an independent prognostic factor after adjusting for other confounding factors.

The possible reason for no consensus for SWT may be related to different inclusion time among the studies mentioned above. Some involved patients’ first presentation to the outpatient department, whereas others recruited patients with initial CT imaging or URS biopsy. Hematuria may be treated with conservative treatment at first, and further surveys will be conducted. CT is a useful diagnostic tool for UTUC and can be used to detect the detailed anatomy of the urinary tract. It can be used to visualize tumors of the distal ureter and renal pelvis, but calyceal tumors could sometimes be missed according to a previous comprehensive analysis (19). CT scan was correlated to final histopathology with a sensitivity of 89% and an overall accuracy of 74% in 148 patients. URS had similar sensitivity but significantly greater specificity and accuracy when compared with CT (20). Even though diagnostic ureteroscopy seems to increase the time to RNU, previous study showed no statistical differences in CSS, RFS and metastasis-free survival (21). Hence, URS still plays an important role in the diagnosis of UTUC.

In line with previous studies, there was a significant correlation between biopsy grade and surgical tumor grade, and high grade was strongly associated with invasive tumor stage (pT2–T4) (22, 23). In the present study, we found that higher pathological stage T was associated with poor OS and DFS. In addition, the survival curve revealed that a higher tumor stage leads to poor survival outcomes. Our cohort included low-grade and high-grade patients on biopsy. Hence, we analyzed subgroup for the patients with high-grade disease on biopsy. The results revealed SWT more than 90 days appeared to be associated with worse OS (HR 2.147, 95% CI 1.164−3.959, p = 0.014), and DFS (HR 2.445, 95% CI 1.259−4.748, p = 0.008) in multivariable survival analysis. This remained as an independent prognostic factor after other confounding factors were adjusted. The result was corresponded to all UTUC patients in our study. Hence, if biopsy results indicate a high-grade tumor, the surgery plan should not be delayed because of the association with invasive tumor stage. We strongly recommend that patients with higher grade undergo surgery as soon as possible. Besides, the undergrading and understaging rates were 32% and 46%, respectively (23), so we should not underestimate the low-grade tumor as well and manage the disease within the threshold of 90 days.

Our analysis also showed that age, ECOG performance status, CCI, surgical margin, tumor location and adjuvant systemic therapy were independent prognostic factors for overall survival. Tumor location and adjuvant systemic therapy were independent prognostic factors for disease-free survival. In a subgroup analysis of ureteral urothelial carcinoma by Lee et al., there was a statistically significant difference in CSS and RFS of 1-month SWT to surgery. In accordance with the literature, ureteral location seems to be an independent factor for worse CSS and RFS compared to the renal pelvis (24). The rich blood vessels and lymphatics in the surrounding layer of the ureter may lead to distant metastasis.

In our analysis, no difference was observed in BRFS between the ≤90 and >90 days groups, while sex and cell type were the independent prognostic factors. Bladder recurrence tended to occur more in men, which is consistent with previous studies (25, 26). The meta-analysis has identified significant predictors, such as patient-, tumor-, and treatment-specific factors, of bladder recurrence after RNU. We should also be aware of the possibility of metachronous bladder tumor, and patients should be urged for regular follow-up.

Our study has several limitations. First, it was of retrospective design with some inherent limitations. There was no information on the reasons for the delay in surgical time. Second, there were definite losses during the time of data collection due to the long follow-up time. Moreover, despite the large number of cases, multiple institutions across two decades were involved in this study. Inclusion of diverse backgrounds and surgeons with various levels of experience and possible lack of generalizability of their work due to potentially endemic etiology of UTUC in Taiwan were inevitable, causing potential introduction of bias.

In conclusion, for patients with UTUC undergoing RNU, the SWT should be minimized to less than 90 days. Prolonged wait time may be associated with poor OS and DFS. Further research is required to corroborate our results.
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