REVIEW

Impact of bladder cuff management on oncologic outcomes
following radical nephroureterectomy for upper tract urothelial

carcinoma
A systematic review and meta-analysis

John Kim', Abdullah Alrumaih', Braden Millan', Michael Uy, Deron Britt!, Jennifer Tang',
Rahul Bansal'?

'Division of Urology, Department of Surgery, McMaster University, Hamilton, ON, Canada; 2McMaster Institute of
Urology, St. Joseph’s Hospital, Hamilton, ON, Canada

Cite as: Kim J, Alrumaih A, Millan B, et al. Impact of bladder cuff management on oncologic outcomes following radical
nephroureterectomy for upper tract urothelial carcinoma: A systematic review and meta-analysis. Can Urol Assoc |
2025;19(11):E404-13. http://dx.doi.org/10.5489/cuaj.9 145

Published online July 28, 2025

Appendix available at cuaj.ca

ABSTRACT

INTRODUCTION: Bladder cuff excision (BCE) is an integral component of radical nephro-
ureterectomy (RNU) for upper tract urothelial carcinoma (UTUC). While many approaches
have been described, the optimal technique for BCE to provide maximal oncologic control
remains unanswered. We performed a systematic review and meta-analysis to compare
oncologic outcomes of different BCE techniques.

METHODS: The Ovid MEDLINE, Embase, CENTRAL, and Web of Science databases were
searched for studies comparing oncologic outcomes of RNU for UTUC based on differ-
ent BCE approaches. Techniques for BCE were categorized as intravesical, extravesical, or
endoscopic. Our primary outcomes were intravesical recurrence rate (IVR) and intravesical
recurrence-free survival (IVRFS). Secondary outcomes included recurrence-free survival (RFS)
and cancer-specific survival (CSS). Meta-analysis was performed to compare the recurrence
rates and survival outcomes associated with different BCE techniques.

RESULTS: Forty studies assessing a total of 17 168 patients were identified for inclusion.
Open intravesical BCE was associated with superior univariate IVRFS (hazard ratio [HR] 1.27,
95% confidence interval [CI] 1.13=1.42, p=0.04, 1’=43%), multivariate IVRFS (HR |.44, 95%
Cl 1.16-1.80, p<0.0001, 1’=75%), univariate RFS (HR 2.30, 95% CI 1.04-5.10, p=0.0002,
[2=719%), and multivariate CSS (HR 1.62,95% CI 1.22-2.15, p=0.33, I’=14%) when compared
to non-intravesical techniques. Subgroup analysis revealed that this difference was primarily
driven by the inferiority of the open extravesical approach. Endoscopic and non-endoscopic
BCE demonstrated equivalent univariate and multivariate IVRFS, RFS, and CSS.

CONCLUSIONS: Open intravesical BCE is associated with superior oncologic outcomes
when compared to non-intravesical techniques. This difference is primarily driven by the
open intravesical approach'’s superiority to the open extravesical approach. Endoscopic BCE
showed equivalent outcomes when compared to non-endoscopic approaches. Prospective
randomized trials can shed further light on the optimal approach to BCE.
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INTRODUCTION

Radical nephroureterectomy (RNU)
with bladder cuff excision (BCE) is
the gold standard for treatment of
localized high-risk upper tract uro-
thelial carcinoma (UTUC). UTUC is
associated with high rates of postop-
erative intravesical recurrence (IVR),
likely due to tumor seeding prior to
or during RNU.'Z Resection of the
ipsilateral bladder cuff has been
shown to lead to improved IVR
compared to RNU without bladder
cuff excision.*> Both the European
Association of Urology (EAU) and
the American Urological Association
(AUA) guidelines for management of
localized UTUC recommend BCE
for all cases of non-metastatic high-
risk UTUC to minimize the risk of
IVR&#

Multiple different techniques
have been described for performing
BCE during RNU. Intravesical BCE
involves creating an anterior cystot-
omy, allowing the ureteric orifice and
surrounding bladder mucosa to be
to be directly visualized and excised
from within the bladder lumen, after
which the bladder defect is formally
closed in a watertight fashion to pre-
vent extravasation of urine, facilitate
early urethral catheter removal,
and allow for intravesical instilla-
tion of chemotherapeutic agents.
Extravesical BCE omits a formal
cystotomy and instead involves
the en bloc resection of the dis-
tal ureter and surrounding bladder
mucosa. Laparoscopic and endo-
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KEY MESSAGES

B We performed a systematic review and
meta-analysis of comparative studies assessing
oncologic outcomes of nephroureterectomy
and bladder cuff excision (BCE) for upper tract
urothelial carcinoma (UTUC).

B Open intravesical BCE is associated with
superior oncologic outcomes when compared
to non-intravesical BCE.

B Endoscopic and non-endoscopic BCE
demonstrate equivalent oncologic outcomes.

scopic approaches allow for omission of a second large
abdominal incision for BCE, facilitating an entirely intra-
corporeal excision. The advent of robotic-assisted RNU
has allowed for the minimally invasive implementation
of both intravesical and extravesical BCE”

Endoscopic BCE techniques have been proposed to
minimize the surgical complexity associated with open
and laparoscopic BCE. This approach may be more
suitable for patients with a prior history of pelvic surgery
and radiation, for whom non-endoscopic approaches
may be technically challenging. The pluck technique
involves transurethral circumferential excision of the
ureteric orifice and surrounding bladder mucosa with
a Collin's knife, after which traction is applied to the
ureter to separate, or “pluck,” the bladder cuff from the
rest of the bladder. Variations of the pluck technique
using laser excision of the intramural ureter have also
been described.'®"!

In the intussusception technique, also known as the
stripping technique, the ureteric orifice is intubated with
a ureteric catheter, ureteric stone basket, or vein strip-
per in a retrograde fashion. The ureter is then ligated,
thereby securing it to the inserted device, and divided
proximally. The distal ureter is then intussuscepted into
the bladder using gentle traction, after which the intra-
mural ureter is excised in a transurethral fashion. As
the intussusception technique involves intubation of
the distal ureter, it is contraindicated for distal ureteric
tumors.

The optimal BCE technique for maximizing onco-
logic outcomes remains unclear and to date, there has
been no randomized controlled trial (RCT) comparing
outcomes when different approaches are used. As a
result, the technique used often depends on surgeon

preference. In this study, we aimed to perform a sys-
tematic review and meta-analysis of studies compar-
ing oncologic outcomes between different methods
of BCE.

METHODS

Search strategy

The research protocol was created a priori and
was prospectively registered on PROSPERO
(CRD42023476291). This review was conducted
in accordance with the Cochrane Handbook for
Systematic Reviews of Intervention and the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement.

A comprehensive literature search was conducted
on June 19, 2024, to identify articles comparing out-
comes of different BCE techniques during RNU for
UTUC. Databases searched included Ovid MEDLINE,
Embase, CENTRAL, and Web of Science, with all dupli-
cates being removed. We also searched grey literature,
Google Scholar, and PubMed, as well as the references
of included articles, in order to identify any published or
unpublished studies that may have been missed in the
initial literature search and were eligible for inclusion.
Two reviewers performed title and abstract screening,
full-text review, and data collection (JK and AA). Our
strategy is outlined in Supplementary Figure | (avail-
able at cugjca).

Data extraction
The inclusion and exclusion criteria were developed a
priori. Inclusion criteria included studies that: |) com-
pared outcomes between two or more methods of
BCE during RNU for UTUG; 2) included adult patients
(age =18 years) with UTUC, and 3) reported on onco-
logic outcomes of RNU for UTUC. Exclusion criteria
included: I) case reports, expert and narrative reviews,
conference abstracts, and editorials; 2) animal or basic
science studies; 3) non-comparative studies; 4) studies
that included RNU for treatment of conditions other
than UTUG; 5) studies that did not report on onco-
logic outcomes; 6) studies that did not describe the
BCE technique used; 7) studies that only compared
RNU with and without BCE; 8) studies with different
approaches to RNU without specifying differences in
the BCE technique used; and 9) non-English studies for
which an English translation was not available.

BCE techniques were classified into three groups,
as previously described.'*'* Techniques that involved
making a cystotomy and excising the ureteric orifice
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from within the bladder were classified as intravesi-
cal BCE. Excision of the bladder cuff and surrounding
bladder without creating a cystotomy or entering the
bladder, in either an open or laparoscopic manner, was
classified as extravesical BCE. Transurethral resections
or manipulations of the ureteric orifice were classified
as endoscopic BCE. Transvesical BCE, which involves
the percutaneous insertion of small laparoscopic ports
directly into the bladder, were classified as endoscopic
BCE in our study, as these approaches require cystos-
copy in order to guide trocar placement.'*'"> These
techniques were further divided into subgroups based
on the specific approach.

Primary outcomes included intravesical recurrence
(IVR), described as a proportion, and intravesical recur-
rence-free survival (IVRS), presented as a hazard ratio
(HR) with 95% confidence intervals (Cl). Secondary
outcomes included recurrence-free survival (RFS) and
cancer-specific survival (CSS), presented as a HR with
95% Cl. We also extracted data on other surgical and
oncologic variables, including the rates of neoadjuvant
chemotherapy, adjuvant chemotherapy, intravesical
therapy, surgical approach, time to IVR, rates of lymph
node dissection (LND), and rates of positive margins
on final pathology. We included both univariate and
multivariate calculations of HR.

In cases where we identified multiple studies pub-
lished by the same authors, research group, or institu-
tion and where there was a high likelihood that study
data from these studies were drawn from significantly
overlapping patient population, data analysis was con-
ducted using only data from the study with the largest
number of included patients.

For studies in which Kaplan-Meier curves were pub-
lished without their associated HR, the curves were
digitized using the online tool WebPlotDigitizer v4.6
(Rohatgi, Pacifica, CA, U.S.), which has previously dem-
onstrated reliability in extracting data from published
graphs.'®!” The univariate HR was then extracted from
the digitized curve data using the method outlined by
Tiemney et al.'®

Assessment of study quality

The quality of non-randomized studies was assessed
using the Newcastle-Ottawa scale.'” Study quality was
determined based on the score according to this scale.
A score <4 was considered as having high risk of bias,
a score of 4-6 was considered as having moderate
risk of bias, and a score =7 was considered as having
low risk of bias.
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Statistical analysis

Extracted study data were summarized using descrip-
tive statistics and analyzed using Review Manager v5.4
(The Cochrane Collaboration, London, UK.). Meta-
analysis of proportional data was performed using a
random effects model and inverse variance method;
resulting odds ratios (OR) were presented with 95%
Cl. Meta-analysis of HR was performed using a random
effects model and converted to log(HR) using generic
inverse variance method; resulting HR was presented
with 95% Cl. Heterogeneity was assessed using a X?
test with N-1 degrees of freedom, with a=0.05 for
statistical significance. The I? test was used to evaluate
variability across studies, with an I value =250% indi-
cating high heterogeneity. Missing data were excluded
from analysis. A p-value <0.05 was considered statisti-
cally significant.

Sensitivity analysis was performed to assess the effect
of followup duration and history of bladder cancer on
the meta-analysis by excluding studies with insufficient
followup, deemed to be <24 months, or studies that
included patients with a prior or concomitant history of
bladder cancer. Studies in which followup or history of
bladder cancer was not recorded were also excluded
during sensitivity analysis.

RESULTS

Study identification

The initial database search retrieved 8639 articles.
After removal of duplicates, abstract review, full-text
review, and application of inclusion and exclusion cri-
teria, a total of 36 studies were identified for inclusion;
our manual search identified an additional four studies,
which were subsequently included in our study for a
total of 40.'%2%57 Figure | summarizes the search in a
PRISMA flow diagram.

Study and population characteristics
Of the 40 included studies, all were observational stud-
ies, with 35 being retrospective and five being pro-
spective. Publication dates ranged from 2005-2023.
Included studies were most often published in Asia
(13), North America (I 1), and Europe (I1). In regards
to surgical approach, 29 studies included open RNU,
29 included laparoscopic RNU, two included robot-
assisted RNU, two included hand-assisted laparoscopic
RNU, and one included hand-assisted retroperitoneo-
scopic RNU.

The pooled population consisted of |7 |68 patients,
with an average age of 68.7 years and 63.8% of patients
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being male. Of the |4 studies that reported on patient
smoking status, 43.3% of included patients had a history
of tobacco use. Fourteen studies excluded patients with
a history of urothelial carcinoma of the bladder, while |5
included patients with a prior bladder cancer; of these
|5 studies, 27.8% of patients had history of bladder can-
cer. In the || remaining studies, bladder cancer history
was not recorded. Across all studies, 19.2% of included
patients had a previous history of bladder cancer. Eleven
studies reported on patients receiving LND, with 36.9%
of patients undergoing lymphadenectomy.

Twenty-three studies reported on patients receiving
chemotherapy. Seventeen studies reported on adjuvant
chemotherapy status, with 13.5% of patients receiving
postoperative chemotherapy. Thirteen studies reported
on neoadjuvant chemotherapy status; the overall rate of
neoadjuvant chemotherapy was 1.0% across these stud-
ies, and 10 studies reported that no patients received
preoperative chemotherapy. Postoperative instillation
of intravesical chemotherapy was reported in nine
studies, with 20.8% of patients receiving intravesical
chemotherapy; only two of these studies reported on
the type of intravesical chemotherapy used, with one
study using mitomycin C and the other administering
hydroxycamptothecin.

The median followup period across studies was 40.9
months. Thirty-six (90%) of 40 studies were considered
to have low risk of bias based on their Newcastle-
Ottawa scale score (Supplementary Table |; available at
cuaj.ca). Study characteristics and patient demographics
are summarized in Supplementary Table 2 (available
at cugj.ca).

Intravesical recurrence
Twenty studies reported rates of VR after RNU based
on BCE technique (Figure 2). Meta-analysis of these
studies demonstrated no significant differences in IVR
rate between non-endoscopic (intravesical or extravesi-
cal) and endoscopic BCE (OR 0.91, 95% CI 0.72-1.14,
p=0.002, ’=52%), extravesical (open or laparoscopic)
and open intravesical BCE (OR .14, 95% Cl1 0.92-1.40,
p=0.02, ’=549%), and stripping and non-stripping tech-
niques (OR 1.23, 95% Cl 0.62-2.42, p=041, ’=0%);
however, sensitivity analysis revealed that, when only
considering studies that excluded patients with a his-
tory of bladder cancer, intravesical BCE demonstrated a
superior IVR rate compared to extravesical approaches
(OR 1.31,95% CI 1.07-1.61, p=0.46, ’=0%).
Fourteen studies reported IVRFS after RNU based
on BCE approach (Figure 3). Meta-analysis revealed that,
when compared to open extravesical BCE, the open
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.

intravesical approach demonstrated superior univariate
(HR 1.38, 95% CI 1.26—1.51, p=0.60, ’=0%) and mul-
tivariate (HR 1.52,95% CI 1.21-1.92, p=0.005, I’=70%)
IVRFS (Figures 3A, 3C). In contrast, there was no differ-
ence in univariate or multivariate IVRFS when compar-
ing open intravesical BCE to the endoscopic approach.
Similarly, endoscopic and extravesical (open or lapa-
roscopic) BCE did not demonstrate any differences in
univariate or multivariate IVRFS (Figures 3B, 3D).

Sensitivity analysis found that these results were
preserved when excluding studies with followup <24
months and studies including patients with a history of
bladder cancer. While endoscopic BCE did demon-
strate superior multivariate IVRFS compared to open
extravesical BCE when only analyzing studies that
excluded patients with a history of bladder cancer,
this resulted in only a single study being included for
meta-analysis; thus, this result was omitted from our
sensitivity analysis.

Recurrence-free survival and cancer-
specific survival

Ten studies reported RFS following RNU based on
the BCE technique used (Figure 4). Our meta-analysis
demonstrated that univariate RFS was superior with
open intravesical BCE when compared to non-intra-
vesical BCE modalities (HR 1.25, 95% Cl 1.02-1.53,
p=0.0002, I’=71%) (Figure 4A). There were no differ-
ences in univariate RFS when comparing endoscopic
and non-endoscopic techniques (Figure 4B). We also
did not identify any differences in multivariate RFS
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when comparing different BCE approaches (Figures
4C, 4D)

Nine studies described CSS after RNU according to
BCE technique (Figure 5). Our meta-analysis identified
no difference in univariate CSS when comparing non-
intravesical to open intravesical BCE or when comparing
non-endoscopic to endoscopic BCE (Figures 5A, 5B);
however, we did find that open intravesical BCE was
associated with superior muttivariate CSS when com-
pared to non-intravesical approaches (HR 1.62, 95% Cl
1.22-2.15, p=0.33, I’=14%). Additionally, open intravesi-
cal BCE demonstrated superior multivariate CSS when
compared to the open extravesical approach (HR .41,
95% Cl 1.09-1.84, p=0.92, I’ 0%) (Figure 5C).

When comparing endoscopic to non-endoscopic
BCE techniques, while there was no overall difference
in CSS between groups, we found that endoscopic BCE
was associated with superior multivariate CSS when
compared to open extravesical BCE (HR 1.26, 95% Cl
1.08-1.47, p=0.78, ’=0%) (Figure 5D).

Sensitivity analysis demonstrated that, when excluding
papers with followup <24 months, univariate RFS became
equivalent between non-intravesical and intravesical tech-
niques; however, there was no impact on multivariate
RFS, univariate CSS, or multivariate CSS. As the majority
of papers included for analysis of RFS and CSS included
patients with a history of bladder cancer, sensitivity analy-
sis could not be performed on these results.
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DISCUSSION

In the present meta-analysis, we found that the open
intravesical approach to BCE was associated with
superior univariate and multivariate IVRFS, as well as
multivariate CSS when compared to other techniques.
Subgroup analysis found that this was primarily driven
by the inferiority of the open extravesical approach to
open intravesical BCE. The open intravesical approach
was also associated with superior univariate RFS but
this finding was not preserved in our sensitivity analysis,
which found that, when excluding studies with followup
of <24 months, open intravesical BCE did not dem-
onstrate superior univariate RFS when compared to
non-intravesical approaches.

One potential explanation for the inferior oncologic
outcomes associated with extravesical BCE when com-
pared to the intravesical approach may be the increased
risk of incomplete removal of the bladder cuff. While
extravesical techniques allow for potential total intra-
corporeal excision of the intramural ureter during lapa-
roscopic surgery, thus avoiding the need for a large
incision, it prohibits visualization of the ureteric orifice,
thereby increasing the risk of incomplete excision of
the intramural ureter and injury to the contralateral
ureteric orifice or trigone.

Previous meta-analyses examining oncologic out-
comes based on BCE technique have suggested that
endoscopic BCE is oncologically inferior to the intra-
vesical approach.®®% In contrast, a systematic review by
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Figure 3. Forest plots comparing (A) univariate infravesical recurrence-free survival (IVRFS) in non-open intravesical vs. open intravesical bladder cuff excision (BCE); (B) univariate IVRFS in non-
endoscopic vs. endoscopic BCE; (C) multivariate IVRFS in non-open intravesical vs. open intravesical bladder cuff excision (BCE); and (D) multivariate IVRFS in non-endoscopic vs. endoscopic BCE. Cl:

confidence interval.

Yuan et al found no difference in oncologic outcomes
between endoscopic and transvesical BCE but focused
on a multitude of risk factors for IVR rather than specifi-
cally focusing on different BCE techniques.'
Comepared to these previous meta-analyses, our
study assessed a much larger number of studies and
included only comparative studies. In addition, rather
than analyzing the rate of recurrence alone, we incor-
porated data from survival analyses in the form of uni-
variate and multivariate HR, as calculated with Kaplan-
Meier curves and Cox proportional hazard regression,
respectively. The inclusion of multivariate data allowed
for mitigation of the impacts of potential confounders,
such as tumor stage, patient age, and adjuvant therapies,
on our results. Therefore, our finding that endoscopic
BCE is not inferior to the standard intravesical approach
is likely to be supported by more robust data.
Previous reports have raised theoretical concerns
regarding the increased risk of recurrence associated

with endoscopic BCE techniques. Similar to extravesi-
cal BCE, endoscopic resection has been thought to
increase the risk of incomplete excision of the intramu-
ral ureter. Prior studies have highlighted the potential
increased risk of tumor seeding associated with endo-
scopic BCE due to the use of irrigation, which can pro-
mote extravasation of urine. The intussusception tech-
nique has been particularly scrutinized, as this technique
involves eversion of the distal ureter into the bladder,
which may promote IVR; indeed, the EAU guidelines
specifically recommend against ureteric stripping for
BCE.” Results of previous studies are inconclusive, with
some studies reporting higher rates of BCE failure and
worse oncologic outcomes with the stripping technique
and others describing no equivalent outcomes when
compared to other BCE techniques.®2%

Our study found that endoscopic BCE demonstrat-
ed equivalent oncologic outcomes when compared to
non-endoscopic techniques. This is in contrast to the
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Figure 4. Forest plots comparing (A) univariate recurrence-free survival (RFS) in non-open intravesical vs. open intravesical bladder cuff excision (BCE); (B) univariate RFS in non-endoscopic vs. endoscopic
BCE; (C) multivariate RFS in non-open intravesical vs. open intravesical blodder cuff excision (BCE); and (D) multivariate RFS in non-endoscopic vs. endoscopic BCE. CI: confidence inferval.

aforementioned previous meta-analyses, which both
found that endoscopic bladder cuff management was
associated with worse oncologic outcomes.>**° This dis-
crepancy may be due to the risk of tumor seeding during
endoscopic BCE being overstated. The use of techniques
that result in occlusion of the distal ureter prior to endo-
scopic resection may contribute to minimizing this risk.

Multiple such techniques have been described in the
literature, including coagulation of the orifice prior to
resection orthe use of a clip, balloon catheter, Endoloop®
device, or fibrin sealant.'*¢*% Furthermore, we also found
that the intussusception technique did not demonstrate
worse [VR compared to other techniques; however, this
analysis is limited by the relative paucity of studies com-
paring the stripping technique to other approaches, as
the majority of included studies that used an endoscopic
approach employed the pluck technique.

Limitations

Our study is not without its limitations. To our knowl-
edge, no RCT has been conducted to prospectively
compare different BCE techniques during RNU. As a
result, our results are derived from data extracted from
non-randomized, retrospective, observational studies.
Additionally, we categorized both pluck and intus-
susception approaches as endoscopic BCE; however,
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when we analyzed the few studies comparing stripping
to other BCE techniques, we found that stripping was
not associated with an increased rate of [VR. Our sen-
sitivity analysis was also unable to assess the impact of
bladder cancer history on RFS and CSS, as the majority
of papers included patients with a history of bladder
cancer; however, the impact of this confounder was
accounted for by the multivariate results in our analysis.

Another limitation is the small sample size of
patients that received chemotherapy or underwent
LND in the included studies. In the few studies that
did report this data, most patients did not receive any
form of chemotherapy or LND. Multiple meta-analyses,
including data from RCTs, have supported the addition
of neoadjuvant and adjuvant systemic chemotherapy,
as well as perioperative intravesical chemotherapy, to
RNU for management of UTUC.¢”2 Similarly, LND at
the time of RNU is recommended for prognostication
and therapeutic purposes, particularly in high-grade
UTUC.73—76

These data are reflected in the most recent guide-
lines from the AUA and EAU, which recommend that
chemotherapy — in the form of adjuvant chemo-
therapy, neoadjuvant chemotherapy, and intravesical
chemotherapy — and LND should both be consid-
ered in patients undergoing RNU for UTUC.** The



Comparing oncologic outcomes of different BCE techniques
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Figure 5. Forest plots comparing (A) univariate cancer-specific survival (CSS) in non-open intravesical vs. open intravesical bladder cuff excision (BCE); (B) univariate (SS in non-endoscopic vs. endo-
scopic BCE; (C) multivariate (SS in non-open intravesical vs. open intravesical bladder cuff excision (BCE); and (D) multivariate CSS in non-endoscopic vs. endoscopic BCE. CI: confidence interval.

small proportion of patients receiving chemotherapy
or LND can be partially explained by the fact that
many of the studies included in our meta-analysis were
published prior to the implementation of these rec-
ommendations.

CONCLUSIONS

Open intravesical BCE during RNU is associated with
superior oncologic outcomes when compared to
non-intravesical techniques. This difference is primarily
driven by the open intravesical approach’s superiority
to the open extravesical approach. Endoscopic BCE
techniques showed equivalent outcomes when com-
pared to non-endoscopic approaches. Further prospec-
tive randomized trials are needed to shed light on the
optimal approach to BCE.
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