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Abstract: Background: The incidence of intravesical recurrence (IVR) following radical nephroureterec-
tomy (RNU) is reported in up to 50% of patients with upper tract urothelial carcinoma (UTUC). It was
suggested that preoperative diagnostic ureteroscopy (URS) could increase the IVR rate after RNU.
However, the available data are often conflicting. Thus, in this systematic review and meta-analysis
we sought to synthesize available data for the impact of pre-RNU URS for UTUC on IVR and other
oncological outcomes. Materials and methods: A systematic literature search of the PubMed, Embase,
and Cochrane Library databases was performed in June 2021. Cumulative analyses of hazard ratios
(HRs) and their corresponding 95% confidence intervals (CI) were conducted. The primary endpoint
was intravesical recurrence-free survival (IVRFS), with the secondary endpoints being cancer-specific
survival (CSS), overall survival (OS), and metastasis-free survival (MFS). Results: Among a total of
5489 patients included in the sixteen selected papers, 2387 (43.4%) underwent diagnostic URS before
RNU and 3102 (56.6%) did not. Pre-RNU diagnostic URS was significantly associated with worse
IVRFS after RNU (HR = 1.44, 95% CI: 1.29–1.61, p < 0.001) than RNU alone. However, subgroup
analysis including patients without biopsy during URS revealed no significant impact of diagnostic
URS on IVRFS (HR = 1.28, 95% CI: 0.90–1.80, p = 0.16). The results of other analyses showed no
significant differences in CSS (HR = 0.94, p = 0.63), OS (HR: 0.94, p = 0.56), and MFS (HR: 0.91, p = 0.37)
between patients who underwent URS before RNU and those who did not. Conclusions: The results
of this meta-analysis confirm that diagnostic URS prior to RNU is significantly associated with worse
IVRFS, albeit with no concurrent impact on the other long-term survival outcomes. Our results
indicate that URS has a negative impact on IVRFS only when combined with endoscopic biopsy.
Future studies are warranted to assess the role of immediate postoperative intravesical chemotherapy
in patients undergoing biopsy during URS for suspected UTUC.
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1. Introduction

Upper tract urothelial carcinoma (UTUC) is a relatively rare neoplasm accounting
for approximately 5–10% of all urothelial cancers [1]. According to the current European
Association of Urology (EAU) guidelines, radical nephroureterectomy (RNU) with ipsi-
lateral bladder cuff excision is a standard treatment for high-risk UTUC [2]. However,
kidney-sparing surgeries (KSS), such as endoscopic ablation or segmental ureterectomy,
are being increasingly used in clinical practice, particularly with low-risk disease, as they
can preserve renal function and reduce morbidity without compromising oncological
outcomes [2]. For this reason, appropriate preoperative risk stratification is of the utmost
importance to allow adequate patient selection with respect to different therapeutic options.
As risk stratification is predominantly based on tumour-related factors (e.g., tumour stage
and grade), the utilization of preoperative predictive tools that yield reliable information
regarding these factors is crucial in guiding the selection of candidates for conservative
treatment [2].

Computerized tomography urography (CTU) is considered to be the most accu-
rate imaging modality with which to diagnose UTUC. Combined with urine cytology
evaluation, CTU may detect a significant proportion of UTUCs. According to current
recommendations, diagnostic ureteroscopy (URS) should be performed if imaging and
cytology are not sufficient for the diagnosis or risk stratification of the tumour [2]. However,
several studies and previous meta-analyses have suggested that preoperative diagnostic
URS could increase the IVR rate after RNU (reported in up to 50% of patients), which
might be related to malignant urothelial cells backflow and tumour seeding during URS
evaluation [3–6]. Nevertheless, the existing data are still conflicting. Furthermore, some
technical aspects of URS, such as performance of biopsy during URS in relation to IVR,
have not been closely evaluated to date.

In the following systematic review and meta-analysis with detailed exploratory analy-
ses, we sought to comprehensively synthesize the available data regarding the impact of
URS before RNU for UTUC on IVR, as well as other oncological outcomes.

2. Materials and Methods

The present systematic review and meta-analysis were performed according to the
standard PRISMA (preferred reporting items for systematic reviews and meta-analysis)
guidelines [7] and methods outlined in the Cochrane Handbook for Systematic Reviews of
Interventions [8].

2.1. Search Strategy

Two review authors (Ł.N. and W.K.) independently performed a computerized sys-
tematic literature search of the PubMed, Embase, and Cochrane Library databases using a
combination of the following terms/key words: (“upper tract urothelial carcinoma” OR
“upper tract urothelial cancer” OR “upper urinary tract cancer” OR “upper tract urothelial
neoplasm” OR “transitional cell carcinoma of the upper urinary tract” OR “UTUC” OR
“UUTC”) AND (“ureteroscopy” OR “URS”). No specific time or language limitations were
applied. The references of the relevant review articles were also manually screened to
ensure that no additional eligible papers were inadvertently omitted. Additional screening
was also performed on ahead-of-print articles published in the various urological journals.
The last search was conducted on 30 June 2021.
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2.2. Inclusion and Exclusion Criteria

Studies were evaluated for eligibility based on a predefined PICOS (population,
intervention, comparison, outcome, and study design) approach. The inclusion criteria
were as follows: (P) patients with UTUC treated with RNU; (I) diagnostic URS with
or without biopsy prior to RNU (URS (+) group); (C) no diagnostic URS prior to RNU
(URS (−) group); (O) primary outcome was intravesical recurrence-free survival (IVRFS),
and secondary outcomes were cancer-specific survival (CSS), overall survival (OS), and
metastases-free survival (MFS); (S) prospective and retrospective studies.

The exclusion criteria were as follows: (1) studies were meeting abstracts, review
papers, case reports, letters, and editorials; (2) studies reported no sufficient data to estimate
the hazard ratios (HRs) and 95% confidence intervals (CIs); (3) studies included patients
who underwent tumour ablation during URS; (4) studies included patients who underwent
kidney-sparing surgery.

2.3. Data Extraction

The data extraction process was completed independently by two review authors
(Ł.N. and W.K.). Following initial screening of results using the titles and abstracts, full
text screening and study selection was carried out using a standardized item form. Dis-
agreements or discrepancies were resolved by discussion with a third author who was not
involved in the initial screening process (T.S.). Study-related data and clinicopathological
characteristics of included articles were initially extracted. Subsequently, the outcome mea-
surements of IVRFS, CSS, OS, MFS (HRs and 95% CIs) were extracted. Missing information
or clarifications were sought by contacting the primary authors. However, no additional
data were retrieved.

2.4. Methodological Quality and Risk of Bias Assessment

All selected, nonrandomized studies were assessed for their methodological quality
using the Newcastle–Ottawa scale (NOS), with the methodological quality stratified by
score as: low (0–3), moderate (4–6), or high (7–9) [9]. The “risk of bias” (RoB) for each
included manuscript was assessed according to the principles outlined in the Cochrane
Handbook for Systematic Reviews of Interventions. The articles were reviewed based on their
adjustment for major confounders: age, gender, tumour location, tumour multifocality,
pathological tumour stage, pathological tumour grade, presence of concomitant carcinoma
in situ (CIS). The risk of confounding bias was considered to be high if the confounder
was not controlled for in multivariate analysis. Any disagreements and discrepancies were
resolved by consensus or recourse to the third author (T.S.).

2.5. Statistical Analysis

The effect measures for the outcomes of survival (IVRFS, CSS, OS, and MFS) were HRs
and 95% CIs, which were primarily extracted from the included articles. For publications
that did not present HRs and 95% CIs, methods reported by Tirney et al. were used
to incorporate summary time-to-event data into the meta-analysis [10]. The statistical
significance of the pooled HRs was evaluated by the Z test. Statistical pooling of the
effect measures was based on the level of heterogeneity among the studies. Significant
heterogeneity was indicated by either a ratio of >50% in I2 statistics or a p-value of ≤0.05 in
Cochran’s Q test, which led to the use of the random effects model. When no significant
heterogeneity was observed, a fixed effects model was used for calculations. For each
comparison, we conducted sensitivity analysis and publication bias assessment (based
on the visual interpretation of funnel plots and the results of Egger’s test). For all tests, a
p-value ≤ 0.05 was considered to be a statistically significant difference.
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3. Results
3.1. Literature Selection and Baseline Characteristics of Included Studies

The detailed flow diagram of study selection with subsequent exclusions is presented
in Figure 1. Eventually, sixteen retrospective studies were included in this systematic
review and meta-analysis [11–26]. Among a total of 5489 patients in the selected papers,
2387 (43.4%) underwent diagnostic URS before RNU (URS (+) group) and 3102 (56.6%)
did not (URS (−) group). The baseline characteristics of the eligible manuscripts are pre-
sented in Table 1. Geographically, nine studies were conducted in Asia [13,15,17–21,25,26],
four in North America [12,14,23,24], and three in Europe [11,16,22]. Included articles
reported cases from the years 1985 to 2019. The median follow-up periods for whole
or individual cohorts ranged from 21.4 months to 76.8 months, and a pooled follow-
up was 42.1 months. Among sixteen selected papers, thirteen provided data regard-
ing IVRFS [11,13,15–21,23–26] whilst seven [13,15,17,20–23], seven [12–14,17,21,23,24] and
five [14,17,20,22,23] studies reported CSS, OS, and MFS, respectively.
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Figure 1. Flow diagram of study selection: The literature search yielded a total of 911 articles. All
citations were exported to the reference manager and duplicate references (n = 192) were removed.
After screening of the titles and abstracts, 687 papers were excluded due to inappropriate article type
(n = 195) or irrelevance to the present topic (n = 492). Out of 32 reports assessed for eligibility, 12
and 4 articles were excluded for insufficient outcome and inclusion of patients who received tumour
ablation during URS, respectively. Finally, sixteen studies were included. URS = ureteroscopy.
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Table 1. Baseline characteristics and quality assessment of included studies.

First
Author, Year
[Reference]

Country Study Design Recruitment
Period, Years

No. of
Patients, n

URS (+)/URS (−)

Follow-Up,
Months

URS (+)/URS (−)

Reported
Outcomes of

Interest

Methodological
Quality (NOS)

Baboudjian,
2020 [11] France R, single-centre 2005–2017 70/23 Median: 35/34 IVRFS 8

Boorjian,
2005 [12] United states R, single-centre 1993–2003 75/34 Mean: 40.1/38.7 OS 6

Chung,
2020 [13] Korea R, single-centre 2003–2018 226/227 Median: 46.1/36.9 IVRFS, CSS,

OS 7

Hendin,
1999 [14] United States R, single-centre 1985–1995 48/48 Mean: 50.4/42.4 OS, MFS 8

Ishikawa,
2010 [15] Japan R, multi-centre 1990–2005 55/153 Median: 35/51 IVRFS, CSS 7

Izol,
2021 [16] Turkey R, multi-centre 2005–2019 95/99 Mean: 36.4/41.8 IVRFS 8

Lee HY,
2018 [17] Taiwan R, single-centre 1990–2013 206/296 Mean: 76.8 IVRFS, CSS,

OS, MFS 9

Lee JK,
2016 [18] Korea R, single-centre 2003–2012 74 */30 Mean: 34.4 IVRFS 8

Liu, 2016
[19] China R, single-centre 2000–2011 81/583 Median: 48 IVRFS 9

Luo,
2013 [20] Taiwan R, single-centre 2004–2010 115/281 Mean: 42.4/38.9 IVRFS, CSS,

MFS 9

Ma,
2019 [21] China R, single-centre 2007–2016 110/53 Median: 40 IVRFS, CSS,

OS 7

Nison,
2013 [22] France R, multi-centre 1995–2011 170/342 Median: 21.4/24 CSS, MFS 7

Sankin,
2016 [23] United States R, single-centre 1994–2012 144/57 Median: 64.8 IVRFS, CSS,

OS, MFS 7

Sharma,
2021 [24] United States R, single-centre 1995–2019 567 **/210 Median 29.3 IVRFS, OS 9

Sung,
2015 [25] Korea R, single-centre 1994–2013 282/348 Median: 30.1/39.3 IVRFS 8

Yoo,
2017 [26] Korea R, single-centre 1998–2012 69/318 Median: 62 IVRFS 7

* number of patients who underwent URS regardless of following RNU time; ** number of patients who underwent URS regardless of
biopsy status. Abbreviations: CSS = cancer-specific survival; IVRFS = intravesical recurrence-free survival; MFS = metastasis-free survival;
NOS = Newcastle–Ottawa scale; OS = overall survival; R = retrospective; RNU = radical nephroureterectomy; URS = ureteroscopy.

The NOS score for the included studies ranged from 6 to 9, with an overall mean score
of 7.8. The methodological quality of the eligible manuscripts was therefore moderate or
high (Table 1), which was considered appropriate for this systematic review and meta-
analysis. All selected papers carried a high RoB, which was primarily related to their
retrospective design. An assessment of confounding factors used for adjustments in Cox
proportional hazard regression models for each study is presented in Figure 2.
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3.2. Clinicopathological Characteristics of Included Studies

The clinicopathological characteristics of patients in selected articles are presented
in Table 2. The median or mean age of patients in included studies ranged from 63.8
to 73 years, with no statistically significant differences observed between URS (+) and
URS (−) groups. The male predominance was reported in twelve [11–16,18,22–26] out of
sixteen articles. Six studies [11,13,16,18,19,23] presented populations without a history of
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bladder cancer prior to RNU. The proportion of patients with a history of bladder cancer
in ten remaining articles [12,14,15,17,20–22,24–26] ranged from 4.5%–42.7% and 0%–44%
in URS (+) and URS (−) groups, respectively. In four [12,17,21,26] out of sixteen articles,
all patients underwent URS with biopsy, whilst in eight articles [11,15,16,18,20,22,24,25]
biopsy rates during URS ranged from 59.5% to 92.6%. Four publications [13,14,19,23]
lacked data regarding performance of URS biopsy. Two studies [24,25] distinguished
specific subpopulations based on the performance of the biopsy during URS, and analyzed
differences in IVRFS with reference to patients who did not undergo URS before RNU. Only
three studies provided information on whether or not a selective cytology was performed
in the URS (+) group, and none presented the detailed results of that examination [11,15,22].
In the majority of eligible publications, URS (+) and URS (−) groups were well-matched
in terms of pathological tumour characteristics. Only four [11,19,21,22] out of sixteen
studies reported significant differences in pathological tumour stage between patients who
underwent URS and those who did not (with a higher proportion of ≤pT2 tumours in
the URS (+) group). In one study [22], a lower proportion of G3 tumours was observed in
the URS (+) group. Some trials reported significantly higher rates of ureteral tumours in
patients who had undergone URS before RNU [13,16,18–20,22,23]. If reported, LNI and
concomitant CIS rates were similar in most studies. The proportion of patients receiving
intravesical installation after RNU ranged from 9.7% to 16% and 1.9% to 22% in URS (+)
and URS (−) groups, respectively, based on data collected from two articles [11,24]. Data
regarding the administration of perioperative systemic chemotherapy were presented in
three papers [16,24,25], whereas in other articles patients receiving neoadjuvant or adjuvant
systemic chemotherapy were initially excluded, or no data were available. Additional
information regarding the technical details of URS and RNU are presented in Table S1.

Data regarding the characteristics of intravesical recurrences are provided in the Table
S2. Rates of IVR reported in included studies ranged from 27.0% to 59.0% and 16.7% to
27.8% in the URS (+) and URS (−) groups, respectively. Only one study [11] provided the
pathological characteristics of bladder recurrences, reporting that all intravesical recur-
rences were <T2 stage, and that the majority of tumours were low-grade.
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Table 2. Clinical and pathological characteristics of included studies.

First
Author, Year
[Reference]

Age
URS

(+)/URS (−)

Male
Gender, %

URS
(+)/URS (−)

History of
BC, %
URS

(+)/URS (−)

URS
Biopsy, %

URS
(+)/URS (−)

Ureteral
Location, %

URS
(+)/URS (−)

Pathological
Stage ≥pT3, %

URS
(+)/URS (−)

Pathological
Grade (HG
or G3), %

URS
(+)/URS (−)

Concomitant
CIS, %
URS

(+)/URS (−)

LNI, %
URS

(+)/URS (−)

Intravesical
Installation

Post RNU, %
URS

(+)/URS (−)

NAC, %
(URS

(+)/URS (−)

AC, %
URS

(+)/URS (−)

Baboudjian,
2020 [11] 72/73 a 71.4/73.9 Excluded 88.6 42.9/30.4 32.9/60.9 * HG: 72.9/87.0 10.0/0 3.0/9.0 16.0/22.0 Excluded Excluded

Boorjian,
2005 [12] 68.4/67.1 b 70.7/70.6 42.7/44.1 100.0 49.3/47.1 21.4/17.6 HG: 28.0/20.6 NR NR 0/0 NR NR

Chung,
2020 [13] 65.9/67.0 b 68.6/72.7 Excluded NR 57.1/31.7 * 35.4/38.8 G3: 45.1/54.2 NR 9.7/10.1 NR NR NR

Hendin,
1999 [14] 63.2/67.5 b 77.1/64.6 29.2/35.4 NR 47.9/29.2 19.4/29.8 G3: 29.0/47.9 NR NR NR NR NR

Ishikawa,
2010 [15] 71/70 a 65.5/67.3 23.6/17.0 65.5 50.9/45.1 21.8/34.0 HG: 21.8/35.3 NR 1.8/8.5 * NR Excluded Excluded

Izol,
2021 [16] 66.3 b 77.9/80.8 Excluded 61.1 36.8/17.2 * 49.5/54.5 HG: 71.6/66.7 8.4/6.1 6.4/9.1 Excluded 8.4/3.0 12.6/19.2

Lee HY,
2018 [17] 66.1/65.7 b 41.3/45.6 29.6/29.4 100.0 46.1/42.6 33.5/35.2 HG: 76.7/78.7 NR 7.8/7.8 0/0 NR NR

Lee JK,
2016 [18] 67.3/67.5 b 64.9/76.6 0/0 59.5 8.1/30.0 * 13.5/23.3 HG: 75.7/76.7 17.6/10.0 NR NR 0/0 0/0

Liu, 2016
[19] # 65.9/66.6 b 38.3/45.3 Excluded NR 67.9/41.3 * 19.8/32.6 * HG: 37.0/43.3 4.9/2.6 3.7/7.5 NR 0/0 0/0

Luo, 2013
[20] 65.9/66.6 b 47.0/48.4 27.0/27.4 73.9 72.2/53.0 * 21.7/29.2 HG: 88.7/90.7 33.9/37.4 Excluded 0/0 0/0 NR

Ma, 2019 [21] 66.1/69.0 46.4/37.8 4.5/0 100.0 53.6/39.6 23.6/39.6 * HG: 70.0/75.5 NR 2.7/3.8 NR NR NR

Nison, 2013
[22] 68.8/70.1 a 65.9/69.0 22.9/21.4 66.8 41.8/29.5 * 34.1/43.6 * G3: 50.6/61.4 * NR 4.1/9.4 NR Excluded NR

Sankin, 2016
[23] 70/71 a 60.4/40.0 * 0/0 NR 28.0/12.0 * 27.1/36.8 HG: 78.0/86.0 NR NR NR NR NR

Sharma, 2021
[24] ## 72.8/72.5 a 65.1/69.0 31.2/34.3 78.0 NA ≥pT2:

38.8/45.7 HG: 59.8/59.1 16.6/17.6 NR 7.9/1.9 * 8.3/6.7 13.2/21.3

Sung, 2015
[25] 64/65 a 75.2/72.7 15.6/22.7 * 92.6 51.4/49.1 32.3/50.0 G3: 45.4/44.5 12.8/8.6 7.1/10.3 NR NR 19.1/21.3

Yoo, 2017
[26] 63.8/63.9 b 75.4/73.0 18.8/14.2 100.0 60.9/50.3 24.6/29.8 HG: 47.1/49.8 17.4/13.5 4.3/7.2 0/0 Excluded Excluded

#—data are presented for patients who underwent URS regardless of following RNU time; ##—data are presented for patients who underwent URS regardless of biopsy status; a—median; b—mean; *—statistically
significant difference between URS (+) and URS (−) groups. Abbreviations: AC = adjuvant chemotherapy; BC = bladder cancer; CIS = carcinoma in situ; CTX = chemotherapy; HG = high grade; LG = low grade;
LNI = lymph node invasion; NA = not applicable; NAC = neoadjuvant chemotherapy; NR = not reported; RNU = radical nephroureterectomy; URS = ureteroscopy.3.3. Meta-Analysis Results.
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3.2.1. Main Analyses

Data for IVRFS were extractable from 13 studies [11,13,15–21,23–26]. One study [18]
presented HRs as stratified by the timing of RNU after URS (RNU at the same day or later)
and one study [24] presented HRs as stratified by the performance of the endoscopic biopsy
during URS. Estimates in these studies were combined using a random effects model and
subsequently used in primary IVRFS analysis. The pooled results indicated that diagnostic
URS prior to RNU was significantly associated with worse IVRFS after RNU compared
to RNU alone (HR = 1.44, 95% CI: 1.29–1.61, p < 0.001) (Figure 3). Heterogeneity between
studies was considered nonsignificant with an I2 = 37% (p = 0.09), thus, a fixed effects
model was used for data synthesis.
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Data for CSS were extractable from seven studies [13,15,17,20–23]. The pooled results
indicated that compared to RNU alone, diagnostic URS prior to RNU was not significantly
associated with worse CSS after RNU than RNU alone (HR = 0.94, 95% CI: 0.75–1.19,
p = 0.63) (Figure 4). Heterogeneity between studies was considered nonsignificant with an
I2 = 29% (p = 0.21), thus, a fixed effects model was used for data synthesis.
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Data for OS was extractable from seven studies [12–14,17,21,23,24]. The pooled results
indicated that compared to RNU alone, diagnostic URS prior to RNU was not significantly
associated with worse OS after RNU than RNU alone (HR = 0.94, 95% CI: 0.75–1.17, p = 0.56)
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(Figure 5). Heterogeneity between studies was considered nonsignificant with an I2 = 47%
(p = 0.08), thus, a fixed effects model was used for data synthesis.
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Figure 5. Forest plot and meta-analysis of overall survival (OS) [12–14,17,21,23,24]. CI = confidence interval; IV = inverse
variance; SE = standard error; URS = ureteroscopy.

Data for MFS was extractable from five studies [14,17,20,22,23]. The pooled results
indicated that compared to RNU alone, diagnostic URS prior to RNU was not significantly
associated with worse MFS after RNU than RNU alone (HR = 0.91, 95% CI: 0.74–1.12,
p = 0.37) (Figure 6). Heterogeneity between studies was considered nonsignificant with an
I2 = 0% (p = 0.42), thus, a fixed effects model was used for data synthesis.
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An examination of the funnel plots combined with an analysis of the Egger’s test
results did not demonstrate a significant publication bias (Figure 7). In sensitivity analyses
omitting enrolled studies in turn, the results showed that the pooled HRs did not differ
significantly, suggesting that the findings of the primary analyses were stable (Table S3).
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3.2.2. Exploratory Subgroup Analyses

Following assessment of primary analyses, prespecified exploratory subgroup anal-
yses of IVRFS were performed (Table 3). Given that CSS, OS, and MFS were reported in
very few cohorts, no subgroup analyses were conducted for these oncological outcomes.

Table 3. Results of exploratory subgroup analyses comparing intravesical recurrence-free survival between URS (+) and
URS (−) groups, stratified by: biopsy status, URS technique, tumour location, bladder cancer history, bladder cuff excision,
receipt of perioperative systemic chemotherapy, receipt of intravesical installation post RNU, and geographical region.

Stratification
Variable Subgroup No. of Studies, n

[Reference]
No. of Patients, n
URS (+)/URS (−)

HR (95% CI)
URS (+) vs.

URS (−)
p-Value Heterogeneity,

I2 (%) Model

Biopsy status Performed 5 [17,21,24–26] 1088/1062 1.38 (1.20–1.60) <0.001 0% FE

Not performed 2 [24,25] 146/395 1.28 (0.90–1.80) 0.16 0% FE

Other * 8 [11,13,15,16,18,19,23] 860/1453 1.57 (1.34–1.86) <0.001 45% FE

URS technique Rigid 1 [20] 115/281 1.44 (1.00–2.08) 0.05 NA NA

Flexible 1 [11] 70/23 4.04 (1.37–11.9) 0.01 NA NA

Other * 11 [13,15–21,23–26] 1909/2374 1.42 (1.27–1.60) <0.001 37% FE

Tumour location Pelvis 1 [26] 27/158 2.06 (1.16–3.64) 0.01 NA NA

Ureter 1 [26] 42/160 1.02 (0.62–1.67) 0.95 NA NA
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Table 3. Cont.

Stratification
Variable Subgroup No. of Studies, n

[Reference]
No. of Patients, n
URS (+)/URS (−)

HR (95% CI)
URS (+) vs.

URS (−)
p-Value Heterogeneity,

I2 (%) Model

Other * 12 [11,13,15–21,23–25] 2025/2360 1.46 (1.30–1.64) <0.001 41% FE

Bladder cancer
history Yes 1 [17] 61/87 0.93 (0.65–1.33) 0.69 NA NA

No 10 [11,13,16–20,23–25] 1553/1861 1.71 (1.48–1.97) <0.001 18% FE

Other * 3 [15,20,26] 239/752 1.26 (1.00–1.57) 0.05 0% FE

Bladder cuff
excision Performed 9 [11,13,15–

17,19,20,25,26] 1199/2328 1.43 (1.26–1.63) <0.001 47% FE

Not performed NA NA NA NA NA NA

Other * 4 [18,21,23,24] 895/260 1.47 (1.16–1.85) 0.001 26% FE

Perioperative
systemic CTX Yes NA NA NA NA NA NA

No 6 [11,15,18–20,26] 464/1388 1.41 (1.18–1.69) <0.001 31% FE

Other * 7 [13,16,17,21,23–25] 1630/1290 1.46 (1.27–1.68) <0.001 45% FE

Intravesical
installation
post RNU

Yes NA NA NA NA NA NA

No 4 [16,17,20,26] 485/994 1.48 (1.04–2.09) 0.03 63% RE

Other * 9 [11,13,15,18,19,21,23–25] 1609/1654 1.47 (1.29–1.68) <0.001 26% FE

Geographical
region Asia 9 [13,15,17–21,25,26] 1218/2289 1.38 (1.21–1.56) <0.001 0% FE

North America 2 [23,24] 711/267 1.46 (1.14–1.86) 0.002 45% FE

Europe 2 [11,16] 165/122 3.66 (2.01–6.64) <0.001 0% FE

* Heterogeneous population in terms of stratification variable or data not reported. Abbreviations: CTX = chemotherapy; FE = fixed effect;
NA = not applicable; RNU = radical nephroureterectomy; URS = ureteroscopy; RE = random effect.

Subgroup analysis including patients without biopsy during URS revealed no signif-
icant impact of URS on IVRFS (HR = 1.28, 95% CI: 0.90–1.80, p = 0.16) with reference to
patients who did not undergo URS before RNU. When patients receiving a biopsy during
URS were separately analyzed, results were similar to primary IVRFS analysis (HR = 1.38,
95% CI: 1.20–1.60, p < 0.001). Also, no association between URS and worse IVRFS was
found in the subset of patients with a history of bladder tumours (HR = 1.71, 95% CI:
1.48–1.97, p < 0.001). In all other subgroup analyses, URS before RNU was significantly as-
sociated with worse IVRFS compared to RNU alone. Similar outcomes were demonstrated
in the primary IVRFS analysis.

4. Discussion

In the present systematic review and meta-analysis, we attempted to provide a com-
prehensive summary of the evidence available to assess the impact of diagnostic URS prior
to RNU on oncological outcomes in patients with UTUC. Our primary analyses confirmed
that diagnostic URS before RNU had a significant negative impact on IVRFS after RNU
without compromising the other oncological outcomes (CSS, OS, and MFS).

Kulp et al. and Lim et al. initially explored the potential role of URS in cancer dissemi-
nation [27,28]. The former reported on a series of 13 patients who underwent URS followed
by RNU, demonstrating the absence of vascular or lymphatic space tumour cells in their
surgical specimens [27], while the latter described a case of suspected lymphatic invasion
attributable to high intrarenal pressures during URS [28]. Subsequently, several theories,
mainly based on intraluminal tumour seeding or intraepithelial cancer migration hypothe-
ses, have been advanced to explain the observed higher rates of IVR after RNU preceded
by URS [29,30]. Audenet et al. showed that the majority of bladder tumours following
RNU are clonally related, supporting the hypothesis that IVR occurs through neoplastic
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cell implantation, rather than representing a second primary tumour [31]. Recent molecular
studies demonstrated that UTUC and bladder urothelial carcinoma share mutations in
similar genes, but at varying frequencies, which recapitulate with their metachronous
recurrences [32]. Such differences in quantitative gene alterations might contribute to the
behaviour of these two cancers and imply that they and their metachronous recurrences
should be treated as two related yet distinct entities [32].

To the best of our knowledge, this is the first meta-analysis exploring the risk of IVR as-
sociated with URS combined with endoscopic biopsy prior to RNU. Although several stud-
ies and previous meta-analyses demonstrated that URS combined with tumour biopsy had
no influence on IVR when compared to URS alone (only tumour visualization) [5,6,11,15],
the direct comparisons of these subgroups (URS biopsy and URS alone) with reference to
patients who did not undergo URS before RNU were not found. Herein, in this study, we
found that patients not undergoing tumour biopsy during URS had comparable IVRFS to
those diagnosed with UTUC based on imaging studies alone. Conversely, those undergoing
URS biopsy were significantly associated with worse IVRFS than those not undergoing
URS. These findings indicate that increased IVR risk after URS followed by RNU is related
mainly to direct tumour manipulation during endoscopic biopsy. Our results thus provide
the rationale for immediate administration of intravesical chemotherapy after URS only in
those undergoing endoscopic biopsy.

Another potential risk associated with URS being performed prior to RNU raised by
several authors is a delay in providing definitive treatment, which could be associated
with poorer survival outcomes [33,34]. URS before RNU could significantly prolong the
time between presentation and definitive treatment, especially when the histopathological
confirmation is expected [33,34]. A recent multicentre cohort study conducted by Lee
et al. showed that delaying RNU for more than three months was associated with poor
overall survival, thus, a delay between URS and RNU should not exceed this period [35].
In our meta-analysis we demonstrated that performing URS prior to RNU does not affect
long-term oncological outcomes, such as CSS and OS, which is consistent with previous
reports [5,6]. It could be explained by the fact that reported delay between URS and RNU
was not longer than two months in the majority of included studies.

Unfortunately, certain technical aspects of URS, such as the duration of the procedure
or irrigation pressure, have not been rigorously explored in the included studies. Moreover,
only a minority of studies reported on the use of homogenous URS techniques [11,20].
Results of these studies suggest that both rigid and flexible URS significantly increase the
risk of IVR following RNU. Additionally, in a study conducted by Baboudjian et al., the risk
of IVR was not decreased even with the implementation of technical precautions to avoid
contact of the bladder mucosa with contaminated urine from the upper urinary tract (use
of ureteral sheath, or drainage with mono-J and bladder catheter) [11]. Moreover, we were
unable to synthetize data pertaining to any urine cytology results. Although some recent
studies demonstrated that barbotage cytology could detect up to 91% of UTUC (with a
similar accuracy to biopsy histology) [36], we were not able to draw any conclusions over
whether or not it could be used as a standalone procedure (instead of endoscopic biopsy)
without compromising IVRFS.

As tumour location, bladder cancer history, and bladder cuff management are consid-
ered to be important factors associated with IVR after RNU [2,3,37], we investigated the
impact of URS followed by RNU on IVRFS in specific patient cohorts in our exploratory
subgroup analyses. However, only one study stratified risk estimates by tumour location
and reported that URS biopsy before RNU increased the risk of IVR in patients with renal
pelvic tumours, but this was not associated with IVR in patients with ureteral tumours [26].
Study results suggest that the indications for URS combined with endoscopic biopsy should
vary according to tumour location. If a ureteral tumour is suspected in other preoperative
examinations, URS biopsy should not be spared to allow for pathologic confirmation of the
tumour before definitive treatment. Furthermore, even after excluding patients with a pre-
vious history of bladder cancer, patients undergoing URS were shown to be still at higher
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risk of IVR than those not undergoing URS. Thus, of the studies included, we subsequently
confined our analysis to those involving bladder cuff management and found significantly
worse IVRFS in those undergoing URS, a similar finding to that of the primary analysis.

Current guidelines recommend a single postoperative instillation of intravesical
chemotherapy after RNU, as several trials and meta-analyses showed an approximately
40% relative risk reduction of IVR after administration of a single postoperative dose of
intravesical chemotherapy (mitomycin C or pirarubicin) [2,38]. Although we demonstrated
that URS prior to RNU is associated with significantly worse IVRFS than RNU alone in
patients not receiving immediate intravesical installation following RNU, we were unable
to perform subgroup analyses for the subset of patients who received adjuvant intravesical
treatment due to a paucity of data. Moreover, there is currently an intense discussion over
whether or not bladder chemoprophylaxis should be administered immediately after URS
for the diagnosis or treatment of UTUC [39]. At present, there are no recommendations for
such a procedure, with only indirect data available. Based on the several studies demon-
strating the reduced risk of bladder recurrences following transurethral resection of bladder
urothelial carcinoma and immediate single instillation of intravesical chemotherapy [40],
as well as results of the Olympus trial confirming the effects of mitomycin C gel for ablative
UTUC treatment [41], there is a considerable assumption that the single installation of a
chemotherapeutic agent after diagnostic URS could significantly decrease the IVR rate.

Unfortunately, we were unable to perform subgroup analyses for populations of
patients who received any form of neoadjuvant or adjuvant treatment due to a lack of
data. Given that systemic neoadjuvant (NAC) and adjuvant (AC) chemotherapy has a
significant beneficial effect on oncological outcomes in patients with UTUC [42], further
studies including cohorts of patients receiving perioperative chemotherapy are necessary
to allow for preliminary conclusions regarding the impact of URS prior to RNU on IVRFS
in such settings.

Based on the results of this systematic review and meta-analysis, performance of URS
combined with endoscopic biopsy should be considered only in cases that pose a challeng-
ing diagnostic dilemma (e.g., nonspecific CTU findings or equivocal urine cytology), as it
significantly increases the IVR risk. Obtaining a definitive pathological diagnosis before
RNU should not be a strong enough indication for URS biopsy when NAC is not planned
and the patient can be assigned as high risk based on other factors, such as multifocality
or size of the lesion from the CTU or positive cytology results. However, as NAC was
demonstrated to have potential survival benefit in UTUC patients [42], and most oncolo-
gists would not begin neoadjuvant chemotherapy without histopathological confirmation,
URS biopsy may continue to play an essential role in patients scheduled to NAC, even in
cases in which preoperative imaging and cytology is highly suggestive of UTUC. Moreover,
performance of URS combined with endoscopic biopsy should be always discussed as
a potential diagnostic modality in each individual case when the patient might benefit
from KSS.

Although the influence of performing URS before RNU has been previously evaluated
by other groups [4–6], our current study has several strengths. First, we included the latest
available studies based on the latest literature search up to 30 June 2021. Second, we did
not exclude non-English articles, in contrast to the previous meta-analyses. Third, our
meta-analysis included the most detailed exploratory subgroup analyses performed to
date. Nonetheless, despite its strengths, this review is not devoid of limitations. First,
the strength of the conclusions that can be drawn from our meta-analysis is still limited,
given the fact that all included studies were retrospective with their own unavoidable
limitations, such as selection bias. Second, the adjustments for confounders in the Cox
regression analyses were not uniform in the included trials and some studies provided only
univariable data, which might introduce additional bias. Third, additional data regarding
factors such as URS technique or performance of urine cytology during URS were scarcely
or not uniformly reported, and the influence of such significant heterogeneity could not be
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fully excluded. Fourth, the results of subgroup analyses should be interpreted carefully, as
some of them were based on a limited number of patients.

5. Conclusions

The results of this systematic review and meta-analysis confirm that diagnostic URS
prior to RNU is significantly associated with worse IVRFS, albeit with no concurrent
impact on the other long-term survival outcomes. Our results indicate that URS has a
negative impact on IVRFS only when combined with endoscopic biopsy. Future studies are
needed to assess the role of immediate postoperative intravesical chemotherapy in patients
undergoing biopsy during URS for suspected UTUC.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
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Results of sensitivity analyses.
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