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Abstract: Upper tract urothelial carcinoma (UTUC) consist of malignancies arising from the urothelium
of the collecting system including the renal calyces, renal pelvis down to the level of the distal ureter. High-
risk disease consists of any of the following characteristics including (I) the presence of hydronephrosis, (IT)
tumor size greater than 2 cm, (ITI) high-grade cytology, (IV) high-grade pathological biopsy, (V) multifocal
disease, (VI) previous radical cystectomy for bladder cancer, and (VII) variant histology. The standard
surgical management for high-risk disease is radical nephroureterectomy (RNU) with regional lymph node
dissection (LND) and bladder cuff excision. This treatment may be performed via an open, laparoscopic,
or robotic-assisted laparoscopic approach with varying levels of potential morbidity. Regional LND plays
an important prognostic role at the time of RNU in terms of improving staging accuracy for possible early
adjuvant therapy. A single instillation of intravesical chemotherapy post-RNU can also help reduce bladder
tumor recurrences in the postoperative period regardless of surgical technique. Neoadjuvant or adjuvant
chemotherapy can further enhance oncological outcomes with this disease although there is a push toward
neoadjuvant therapy due to loss of a renal unit and reduced renal function precluding some patients from
adjuvant therapy. Further clinical trials are needed to examine the effects of immunotherapy in the muld-
disciplinary treatment of this disease. In the review, we summarize the various surgical treatment options

available for high-risk UTUC.
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Introduction ureteroscopy and biopsy may be necessary for pathological
diagnosis or to determine tumor burden and location.

The majority of UTUC (~75%) are classified as high-
risk defined by any of the following features including (I)

Upper tract urothelial carcinoma (UTUC) accounts for
5-10% of all urothelial malignancies, and it occurs between
the level of the pyelocaliceal cavities in the kidneys and

the distal ureters (1,2). UTUC typically presents with
microscopic or gross hematuria and associated ipsilateral
flank pain, which is confirmed using computed tomography
(CT) or magnetic resonance imaging (MRI) urography
imaging to detect a urothelial mass in the upper urinary
collecting system (3). Further diagnostic work-up including
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the presence of hydronephrosis, (II) tumor size greater
than 2 cm, (III) high-grade cytology, (IV) high-grade
pathological biopsy, (V) multifocal disease, (VI) previous
radical cystectomy for bladder cancer, and (VII) variant
histology (4). High-risk UTUC includes high-grade lesions

on urine cytology or biopsy including carcinoma in situ
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Figure 1 Laparoscopic and robotic radical nephroureterectomy (adapted from Nimur at English Wikipedia and Cancer Research UK/

Wikimedia Commons using the Creative Commons license). RNU, radical nephroureterectomy.

(CIS), and locally invasive upper tract tumors (pathological
stage pT1-T4) (5). The gold standard of care treatment
for high-risk UTUC includes radical nephroureterectomy
(RNU) with regional lymph node dissection (LND) and
bladder cuff excision (6,7). Systemic platinum-based
chemotherapy may also be utilized in a neoadjuvant or
adjuvant fashion although clinical trials are ongoing. As
shown in Figure 1, RNU with LND and bladder cuff
excision may be performed via an open, laparoscopic,
or robotic-assisted laparoscopic approach for high-risk
UTUC. In this review, we summarize the various surgical
procedures and treatment options in the management of
high-risk UTUC including the advantage and disadvantages
of each technique based on the established literature.
We present the following article in accordance with the
Narrative Review reporting checklist (available at https://
amj.amegroups.com/article/view/10.21037/amj-2020-
smgm-01/rc).

Methods

A comprehensive literature review was performed at the

end of April 2020 within the PubMed database using the
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keyword search phrases “upper tract urothelial carcinoma”
and “surgical management” with no date restriction.
Initially, 527 articles were identified after the initial search,
but 460 studies were excluded as they were not relevant to
our topic of interest. Of the 67 studies included, 20 articles
reported on laparoscopic RNU, 13 articles evaluated
robotic-assisted RNU (RARNU), 10 articles examined
various techniques of bladder cuff excision, 7 articles dealt
with perioperative systemic therapy, 2 articles examined
the utility of nephron-sparing surgery, 10 articles evaluated
a single postoperative dose of intravesical chemotherapy,
and 5 articles reported on regional lymphadenectomy.
All studies included in our search were clinical research
articles, systematic reviews, or meta-analysis. Our findings,
including a review of the results, are summarized below.

Nephroureterectomy

The standard surgical management for oncological control
of the primary tumor in high-risk UTUC is RNU (3). This
treatment may be performed via an open, laparoscopic, or
robotic-assisted laparoscopic approach. Open RNU is the
traditional approach for excision of the primary malignancy
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Table 1 Relevant literature for laparoscopic RNU

Author name Year Number of patients
Alothman et al. (12) 2020 24
Kim et al. (13) 2019 615
Kim et al. (14) 2019 615
Lee et al. (15) 2019 137
Nazzani et al. (16) 2019 1,093
Nouralizadeh et al. (17) 2018 N/A
Liu et al. (18) 2018 N/A
Zhang et al. (19) 2016 N/A
Hanske et al. (20) 2015 599
Sugihara et al. (21) 2015 3,349
Hanna et al. (22) 2012 754
Walton et al. (23) 2010 70
Kitamura et al. (24) 2014 195
Ariane et al. (25) 2012 150
Zou et al. (26) 2014 101
Blackmur et al. (27) 2015 13
Kido et al. (28) 2018 48
Liu et al. (29) 2017 52
Peyronnet et al. (30) 2019 2,629
Miyazaki et al. (31) 2016 1,509

RUN, radical nephroureterectomy; N/A, not available.

in the surgical management of high-risk UTUC (3,8). It
is typically performed through a flank or subcostal open
incision with the patient lying in the supine or modified
lateral position (3,8). The renal hilum including the renal
arteries and vein is dissected and ligated and the lower
portion of the ureter is clipped, dissected, and removed
from the bladder cuff, which is sutured in two separate
layers (8). The kidney with surrounding Gerota’s fascia and
the entire ureteral length from the renal pelvis down to the
bladder cuff is removed, and the adrenal gland is typically
spared. The open RNU procedure is effective at removing
distal ureteral tumors and allowing for accurate histological
examination however this procedure can disrupt the
structure and integrity of the bladder (8).

Laparoscopic RNU
Minimally-invasive laparoscopic RNU for UTUC has
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quickly replaced traditional open surgery due to its reduced
morbidity, lower complication rates, shortened length of
hospitalization, improved postoperative pain control, and
quicker overall recovery (9-11).

A summary of the relevant literature for laparoscopic
RNU in UTUC is shown in Table 1. An early study by
Alothman et al. examining 24 patients who underwent
laparoscopic RNU showed that laparoscopic surgery
reduced operative time, blood loss, and postoperative
hospital stay compared to traditional open surgery with
similar rates of cancer-specific survival (CSS) during follow-
up (75% wvs. 73.3%, respectively) (12). Interestingly, patients
who underwent a prior ureteroscopy with biopsy or had
previous history of bladder cancer had an increased risk
of developing bladder cancer recurrence after RNU (12).
Future studies could investigate whether prior endoscopic
manipulation could influence bladder cancer recurrence
rates after laparoscopic RNU.

Kim et al. subsequently showed an improved CSS and
overall survival (OS) when comparing 615 laparoscopic
RINU patients to 906 open RNU patients (80.4% vs. 76.4%,
respectively, and 75.8% vs. 71.4%, respectively) (13). Kim
et al. also observed higher 3-year CSS and OS for
laparoscopic RNU patients (82.9% and 86.2%, respectively)
compared to traditional open surgery (78.3% and 81.8%,
respectively) in a cohort of 1,276 patients (14). The authors
suggested that reduced operative time, blood loss, and
hospitalization may explain the improved survival outcomes
seen in their study.

Other studies by Lee ez al. (15), Nazzani et al. (16), and
a systematic review by Nouralizadeh et /. (17) showed
similar reductions in length of hospital stay, blood loss,
and postoperative complication rates when comparing
laparoscopic to open RNU. The total cost of laparoscopic
RNU, however, was higher than open RNU (16). These
results were also confirmed in two separate meta-analysis
and systematic reviews by Liu ez 2. and Zhang et al. except
that no difference in postoperative complication rates
between laparoscopic and open RNU were observed (18,19).
Hanske ez 4l. expanded on the benefits of laparoscopic RNU
reporting that in a population of 599 patients, the overall
incidence and risk of thromboembolic complications as well
as operative re-intervention were reduced when compared
to traditional open surgery (20).

Sugihara et al. reported that 3,349 patients who
underwent laparoscopic RNU had longer anesthesia time
and total operative costs (excluding operating room costs)
with a lower 30-day postoperative mortality rate compared
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to 3,595 open RNU patients (21). Sugihara ez a/. observed
no difference in overall postoperative complication
rates between laparoscopic and open RNU although a
subsequent study by Hanna ez /. showed a reduced 30-day
postoperative complication rate with the laparoscopic RNU
procedure (22).

Despite the benefits of laparoscopic RNU, several studies
suggest that open RNU may produce equivalent or superior
outcomes comparatively. A study by Walton ez a/. showed
that the CSS for laparoscopic and open RNU procedures
were similar (75.2% wvs. 75.4%, respectively) although
the sample size in the laparoscopic group was relatively
small (23). Similarly, Kitamura et 4/. showed no difference
in CSS between laparoscopic and open RNU patients
although recurrence-free survival (RFS) was improved in
the laparoscopic group (33.8% wvs. 41.2%, respectively) (24).
A subsequent multi-center study by Ariane et 4/. found no
difference in oncological outcomes including CSS and RFS
between laparoscopic and open surgery although there was
a gender disparity between groups (25). Zou et al. showed a
similar 1-, 2- and 5-year CSS after open versus laparoscopic
RNU for high-risk UTUC (92.1% vs. 95.2%, 87.1% us.
90.5%, and 79.2% vs. 85.7%, respectively) with tumor
stage, grade, and presence of lymphovascular invasion
being the strongest predictors of cancer-specific death (26).
Furthermore, patients with a history of bladder cancer and/
or hydronephrosis were more likely to experience tumor
recurrence after surgery (26).

A matched-paired analysis by Blackmur ez 4/. to reduce
potential confounders such as age, gender, and tumor stage
further corroborated findings showing that laparoscopic and
open RNU had comparable mean operative times, 5-year
OS, RFS, CSS, and bladder cancer recurrence rate (27).
Kido et al. found a similar result after propensity score
matching for baseline clinical characteristics, which support
observations of potential confounders causing laparoscopic
RNU to appear superior to open RNU procedures (28).
In a subgroup of patients with locally advanced, high-risk
UTUC (pT3/T4, N+) who underwent laparoscopic versus
open RNU, Liu et al. reported no difference in 5-year
RFS (47% vs. 59%, respectively), CSS (63% vs. 70%,
respectively), and OS (61% vs. 55%, respectively) (29). A
systematic review by Peyronnet ez 4/. found that oncological
outcomes were actually worse in laparoscopic compared
to open RNU for patients with locally advanced, high-risk
UTUC (30) while Miyazaki e a/. found that CSS was similar
in patients with localized, muscle-invasive (pT2) UTUC
who underwent laparoscopic versus open surgery (31).
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RARNU

Despite the postoperative improvements for patients,
the laparoscopic RNU approach can prove to be difficult
to master with a steep learning curve given its limited
visualization, tactile feedback, and limited work space within
the pelvis (32). In 2006, minimally-invasive robotic-assisted
laparoscopic surgery further evolved and transitioned to
RNU surgery, alleviating a lot of the technical challenges
associated with laparoscopic surgery with enhanced 3D
visualization and magnification, improved manual dexterity
with 360-degree wrist articulation, and improved access
to the pelvis with a reduction in patient repositioning for
bladder cuff excision (33-35). Furthermore, RARNU may
prevent tumor spillage due to enhancing manual dexterity
and allow for more accurate and appropriate LND in
the retroperitoneum and pelvis (33-35). Compared to
traditional laparoscopic RNU, RARNU surgery allows the
surgeon a smooth and wide range of motion with improved
visualization and magnification (36). The robotic-assisted
technique also allows for better visualization of the renal
and pelvic vasculature as well as surrounding tissues, which
can decrease surgical complications especially in locally
advanced cases (37-40).

A summary of the relevant literature for RARNU in
UTUC is shown in Tible 2. Aboumohamed ez 4. found that
RARNU with bladder cuff excision improved 2- and 5-year
RFS (65.3% and 57.1%), CSS (92.9% and 69.5%), and
OS (86.9% and 62.6%) compared with historical data (37).
Furthermore, this study reported that RNU in elderly
patients with preoperative hydronephrosis, nodal disease,
concomitant CIS, lymphovascular invasion, or impaired
preoperative renal function was associated with lower
RFS (37). Several smaller studies have reported the
feasibility of RARNU for high-risk UTUC with acceptable
recurrence risk (38-40).

De Groote et al. examined 78 patients with UTUC
who underwent RARNU over a 10-year period using the
da Vinci Si and Xi robotic systems (41). This study found
that RARNU was safe and feasible with mean blood loss of
124 mL, operative time of 167 minutes, and average length
of postoperative hospitalization of 4 days (41). Furthermore,
after RARNU, patients had a 2- and 4-year RFS of 63% and
53%, respectively, and a 2- and 4-year OS of 79% and 66%,
respectively (41). There has, therefore, been a growing
interest into whether RARNU is superior to laparoscopic
RNU, which remains controversial given cost-difference
considerations.
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Table 2 Relevant literature for RARNU

Author name Year Number of patients
Aboumohamed et al. (37) 2015 65
Eandi et al. (38) 2010 11
Pugh et al. (39) 2013 43
Yang et al. (40) 2014 26
De Groote et al. (41) 2020 78
Lim et al. (42) 2013 32
Mullen et al. (43) 2017 N/A
Pathak et al. (44) 2018 204
Ribal et al. (45) 2013 N/A
Trudeau et al. (46) 2014 715
Ye et al. (47) 2020 29
Tinay et al. (48) 2016 3,774
Hu et al. (49) 2015 10

RARUN, robotic-assisted radical nephroureterectomy; N/A, not
available.

Several studies have found that the short- and long-
term oncological outcomes of RARNU were comparable to
those of open and laparoscopic RNU (42,43). Conversely, a
systematic review by Veccia er 2/. examining 10,155 RARNU
and 31,093 laparoscopic RNU patients found that RARNU
had less blood loss, lower risk of blood transfusions, and
overall reduced postoperative complication rates compared
to laparoscopic RNU (34). An analysis by Pathak ez 2/ and
Lee et al. also found a similar reduction in operating room
time, blood loss, and length of stay after RARNU compared
to laparoscopic RNU for UTUC (15,44) although Ribal
et al. reported that laparoscopic RNU was non-inferior to
RARNU with regard to RFS and CSS (45). Despite the
benefits of RARNU, the authors noted that few studies
have systematically examined the oncological benefits of
RARNU compared to other RNU procedures.

Trudeau er 4/. compared short-term outcomes and costs
between RARNU and laparoscopic RNU in 1,914 patients
with UTUC (46). On multivariate analysis, patients
undergoing RARNU were less likely to experience
complications compared to patients who underwent
laparoscopic RNU, but the robotic approach was associated
with substantially higher costs (46). The study was also
limited by the lack of adjustment for tumor stage and grade.

In a subsequent study by Ye et 4/. examining 29 RARNU
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patients versus 131 laparoscopic RNU patients in the
treatment of UTUC, the authors showed no difference
in 5-year intravesical RFS (88.0% vs. 85.5%) or distant
metastasis-free survival (93.1% vs. 96.7%) although
RARNU had a lower 5-year retroperitoneal RFS (77.3%
vs. 87.7%) and CSS (71.2% vs. 84.7%) compared to
laparoscopic RNU (47). The authors believed this
discrepancy occurred because of an increased risk of local
tumor spillage using the robotic platform although a major
limitation of this study was the discrepancy in sample size
between groups. In response, Tinay et al. performed a
large, 10-year randomized trial of open, laparoscopic, and
RARNU procedures for UTUC (48). This study reported
no differences in perioperative outcomes between 13,317
laparoscopic and 3,774 RARNU patients (48). Furthermore,
operative times and overall costs were higher in the
laparoscopic and RARNU group compared to open RNU
procedures (48).

Hu ez al. performed a pair-matched analysis controlling
for confounders with 18 laparoscopic and RARNU patients
treated for UT'UC which showed that RARNU patients had
less blood loss, improved oral intake, and shorter hospital
stay versus laparoscopic RNU patients (49). Unlike previous
studies, RARNU patients actually had increased pain
around their incision sites compared to laparoscopic RNU
patients and oncological outcomes for RARNU were non-
inferior to laparoscopic RNU with comparable operative,
postoperative, and functional outcomes (49).

Overall, RARNU shows promise for reducing
postoperative complications and improving outcomes
for UTUC. Given the higher financial cost, however, it
is unclear whether these improved outcomes offset the
increased price tag associated with the procedure.

Bladder cuff excision

Several different methods have been described to resect the
intramural ureter and bladder cuff around the ureteral orifice
during open, laparoscopic, or RARNU. These include
extravesical, transvesical, and endoscopic techniques. The
extravesical approach involves circumferentially isolating
and dissecting the entire intramural ureter and with gentle
upward counter-traction on the ureter, the distal ureter is
resected with its bladder cuff taking care to avoid injuring
the contralateral ureter or ureteral orifice. The transvesical
approach involves creating an anterior cystostomy along the
anterior wall of the bladder, confirming the contralateral
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ureteral orifice, and circumferentially incising the ipsilateral
ureteral orifice through the full thickness of the bladder
wall including the mucosa and underlying detrusor muscle.
The anterior cystostomy is subsequently closed in two
layers after the intramural ureter and bladder cuff excision.
The endoscopic approach involves placing the patient
in the dorsal lithotomy position and subsequently using
a resectoscope to incise a circumferential 10-mm cuff of
bladder mucosa around the ureteral orifice. The resection
site is then deepened down to the perivesical fat and the
intramural ureter detached via a plucking maneuver from
outside the bladder lumen. The specimen with the distal
ureter and cuff of bladder is removed en-bloc during RNU.

Open excision (extravesical or transvesical approach)

With the open excision technique of the bladder cuff,
the patient is placed in a supine position following a
nephrectomy whereby a modified Pfannenstiel or Gibson
incision is performed (50). Subsequently, the lower portion
of the ureter is clamped, dissected, and removed along
with the bladder cuff, which is secured extravesically or
through an anterior cystotomy incision transvesically. This
dissection, as mentioned above, can be done in two primary
methods: extravesical or transvesical.

With an extravesical approach, the intramural ureter
is dissected circumferentially to access the bladder while
a transvesical approach involves opening the anterior
bladder wall to visualize the ureteral orifice directly (50).
During either approach, it is important not to block the
contralateral ureteral orifice while performing extravesical
or transvesical dissection and clamping of the distal ureter
and resection of the bladder cuff. The remaining bladder is
then sutured using in two layers (i.e., double-layer closure)
to close the bladder mucosa, detrusor muscle layer, and
bladder serosa in a water-tight fashion. This technique
also allows easy recovery of the specimen for accurate
histological examination (50). When comparing the open
extravesical and transvesical methods, the transvesical
technique allows for precise distal ureter and bladder
cuff excision. Some studies have reported that an open
approach to bladder cuff excision can reduce bladder tumor
recurrence by 10.5% after RNU for UTUC (51). Nanigian
et al., on the other hand, showed a lower risk of bladder
tumor recurrence using RARNU rather than laparoscopic
RNU with a transvesical approach (16% vs. 30%,
respectively) (52,53). Comparisons using different bladder
cuff excision techniques during RNU for UTUC are
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difficult to make given the lack of randomized controlled
studies utilizing different approaches.

Transurethral resection (pluck technique)

An alternative surgical approach to open excision of the
bladder cuff is transurethral resection (i.e., pluck technique),
which avoids a secondary lower abdominal incision.
This technique is accomplished transurethrally with
cystoscopy by either resecting the intramural ureter with
a resectoscope loop or removing the ureteric orifice and
intramural ureter using a Collin’s knife (50). The procedure
resects the ureteric orifice down to the perivesical fat, which
allows for easy removal or “plucking” of the distal ureter
during RNU (50). Fragkoulis ez /. compared open excision
of the bladder cuff in 192 patients versus transurethral
resection and pluck technique in 186 patients during RNU
for UTUC (54). Although the total operative time was
lower in the transurethral resection group, the duration of
postoperative catherization after surgery was lower in the
open bladder cuff excision group (54). Interestingly, there
was no difference between open excision and transurethral
resection during RNU in the long-term bladder cancer
recurrence rate (24% wvs. 27%, respectively) and overall
CSS (54). Although safe for proximal ureteral or renal pelvis
tumors, transurethral resection should not be performed
on suspected UTUC that involves the lower ureter or
the ureterovesical junction due to an increased risk of
tumor seeding, bladder cancer recurrence, and positive
surgical margins (50). Additionally, patients with a previous
history of pelvic irradiation therapy or pelvic inflammatory
conditions should be excluded from the transurethral
resection and pluck technique due to higher risk of
persistent urine leak from poor healing of the bladder
mucosa. Finally, the transurethral resection technique for
the bladder cuff has a reported higher rate of tumor spillage
and retroperitoneal recurrence of UTUC, so transurethral
resection should only be considered when RNU is being
performed laparoscopically or through robotic-assistance to
reduce the incidence of these complications (50).

McNeil et al. retrospectively showed that laparoscopic
RNU with transurethral resection and pluck technique of
the bladder cuff did not show a significant difference in CSS
when compared to traditional open techniques (15.2 vs.
17 months, respectively) although transurethral resection
was limited to patients with UTUC confined to the renal
pelvis (55). Allard er al. examined the oncological outcomes
between various bladder cuff excision techniques for

AME Med 7 2021;6:17 | http://dx.doi.org/10.21037/amj-2020-smgm-01



AME Medical Journal, 2021

UTUC including 61 patients who underwent transurethral
incision with a Collin’s knife, 29 patients who underwent
open extravesical resection, and 20 patients who underwent
open intravesical resection through an anterior cystotomy
incision (56). Bladder cancer recurrence rates were
32.8%, 27.6%, and 40%, respectively with similar rates of
metastasis-free survival regardless of surgical technique (56).

Intussusception

Unlike the open excision and transurethral resection
approach, the intussusception method of bladder cuff
excision involves insertion of a bulb-tipped ureteral catheter
endoscopically to direct the ureter downward toward the
bladder (50). The ureter is subsequently divided above the
level of the catheter, and the remaining distal ureteral stump
is intussuscepted into the bladder lumen using retrograde
traction as a resectoscope is used to excise the ureteral
orifice (50). Similar to the transurethral resection technique,
intussusception is contraindicated in patients with UTUC
located at the lower ureter or the ureterovesical junction
due to an increased risk of tumor seeding, bladder cancer
recurrence, and positive surgical margins (50). This surgical
approach, consequently, has a higher rate of incomplete
excision (18.7%) compared to other techniques (57).
Additionally, Clayman et 4/. reported a bladder cancer
recurrence rate of 21% using the transurethral ureteral
intussusception technique although clinical trials comparing
methods head-to-head are lacking (58).

Laparoscopic/RARNU techniques (extravesical stapling)

In recent years, there has been an increased interest in
the application of bladder cuff excision methods with
laparoscopic or RARNU to improve oncological outcomes
and reduce postoperative complications (50). Laparoscopic
and RARNU involve laparoscopic dissection of the entire
distal and intramural ureter with isolation and excision of
a bladder cuff with extravesical stapling (58). Currently,
the EndoGIA and LigaSure devices have been used to
reduce operative times and maintain a closed urinary
system to prevent tumor spillage (58). Other combinations
of laparoscopic and RARNU techniques have also been
described, which include use of a harmonic scalpel as well
as repositioning the patient with or without undocking
the robot to shorten the operative time without reducing
exposure to the distal ureter (52,59,60). Although RARNU
has the potential to improve the dexterity, precision, and
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control of the surgeon in handling the distal/intramural
ureter and bladder cuff, lack of comparative clinic trials,
concerns with cost, and technical requirements limit
widespread adoption into clinical practice (50,57).

Lymphadenectomy

Regional LND plays an important prognostic role at the
time of RNU in the treatment of high-risk UTUC. For
patients with a high-grade tumor, large tumor burden, and/
or possible local invasion, LND is advantageous in terms
of improving staging accuracy. Regional LND includes
renal hilar, paracaval, precaval, and retrocaval nodes for
right-sided tumors of the renal pelvis, upper, and middle
third of the ureter. For left-sided tumors of the renal pelvis,
upper, and middle third of the ureter, LND includes the
renal hilar, paraaortic, and preaortic nodes. For tumors of
the lower third of the ureter, an ipsilateral, extended pelvic
LND including obturator, internal iliac, external iliac, and
common iliac nodes is recommended with presacral nodes
included based on physician preference.

Kondo et al. reported that in pT3 or greater UTUC,
the extent of LND has a significant impact on CSS in NO
cases (61). Roscigno ez 4l. also observed longer RFS and
CSS in NO patients who had at least eight lymph nodes
removed during RNU for UTUC although this survival
benefit did not translate with the extent of LND in N+
patients (62). Although the therapeutic benefit of regional
LND at the time of RNU for high-risk UTUC still remains
controversial and unclear, there is increasing literature
and evidence that shows important staging and prognostic
benefits of LND at the time of RNU especially for muscle-
invasive or locally-advanced disease (pT2 and above) (63,64)
with current guidelines recommending regional LND when
these cases are suspected (65).

Single postoperative bladder instillation

Intravesical recurrences of urothelial carcinoma in the
bladder are common after surgical treatment for high-
risk UTUC with RNU, LND, and bladder cuff excision,
occurring in 22-47% of patients secondary to implantation
from the primary tumor (66). It is hypothesized that
preoperative carcinogen exposure in the urothelium and
intraluminal seeding and implantation from the upper
urinary tract before and during RNU contribute to the high
levels of bladder tumor recurrence in UTUC patients (67).
Risk factors for intravesical recurrence include previous
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history of bladder cancer, smoking history, tumor
multifocality in the upper urinary tracts, primary tumor
size and stage, margin status, completeness of bladder cuff
excision, and presence of CIS (30,66).

A multi-institutional study by Xylinas et a/. found
that the overall incidence of bladder cancer recurrence
in patients with UTUC after RNU was 35% (66). Lee
et al. reported similar findings with a previous history of
bladder cancer, tumor multifocality, concomitant CIS, and
a laparoscopic approach for RNU observed as risk factors
for intravesical tumor recurrence (68). A meta-analysis by
Yuan et al. examining 12,000 patients with UTUC found
that female gender, larger tumor size, advanced pathological
tumor stage, and history of bladder cancer were significant
risk factors for bladder cancer recurrence after RNU (69).
Interestingly, a systematic review and meta-analysis by
Marchion ez al. of over 2,000 patients with UTUC found
a strong association between diagnostic ureteroscopy and
intravesical recurrence of UT'UC after RNU (70).

The beneficial effects of postoperative bladder instillation
therapy of a single dose of mitomycin C administered
within 72 hours after RNU have been shown in multiple
clinical trials as well as a meta-analysis resulting in a 52%
risk reduction of bladder cancer recurrence within the first
postoperative year (71-73). O’Brien et al. reported that
a single postoperative dose of mitomycin C resulted in a
risk reduction of bladder cancer recurrence by 11% in the
first year with the number needed to treat to prevent one
bladder tumor being nine (73). Intravesical instillation
of gemcitabine has also shown to significantly reduce
recurrence in low-grade, non-muscle invasive bladder
cancer and could represent a significantly cheaper option
with less toxicity to administer in the postoperative period
after RNU for UTUC (74).

A 2019 Cochrane review concluded that a single-dose of
intravesical chemotherapy (i.e., mitomycin C) administered
within 1 week post-RNU for UTUC reduced the risk
of bladder cancer recurrence compared to no instillation
[hazard ratio (HR): 0.51] (67). After 12 months of follow-
up, this resulted in 127 fewer bladder cancer recurrences
per 1,000 participants. The authors believed that a high
concentration of chemotherapy within the bladder lumen
would destroy any circulating cells in the urine and
prevent any potential tumor spillage leading to intravesical
recurrence in the future (67). This study, however, did not
report the risks or adverse events associated with post-
RNU intravesical chemotherapy instillation nor did it
stratify UTUC patients based on operative approach,
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pathologic stage, or method of bladder cuff excision (67).
Further clinical trials, therefore, are needed to determine
which combination of operative approach and post-RNU
intravesical chemotherapy instillation is ideal based on
UTUC tumor size, stage, and location.

Perioperative systemic therapy

Surgery alone for high-risk UTUC with RNU has an
overall 5-year survival rate less than 50% with clinical
understaging common in terms of tumor stage and nodal
status due to lack of accurate cross-sectional imaging and
limitations to endoscopic techniques for biopsy of the
primary tumor site. Ascertainment of the depth of the
primary upper tract tumor is also difficult during diagnostic
ureteroscopy due to technical limitations. Systemic
chemotherapy before (neoadjuvant) or after (adjuvant)
surgery represents a potential multidisciplinary option
to improve long-term oncological outcomes in high-risk
UTUC (75). UTUC typically arises from the renal pelvis
and/or ureters, which are derived from the mesonephric
duct and contain a number of embryologic, anatomic,
and biological features that make them susceptible to
chemotherapy due to microsatellite instability and other
substances within the extracellular matrix (75). Several
clinical trials have examined the use of chemotherapy in
combination with surgical resection with RNU for high-
risk UTUC.

Adjuvant chemotherapy has the advantage of accurate
pathological staging from the RNU specimen, preventing
overtreatment of superficial disease. Seisen er 4/. analyzed
the National Cancer Database in a large retrospective,
observational study of 3,253 UTUC patients, and found
an OS benefit of adjuvant platinum-based chemotherapy
for patients with pT3/T4 and/or pN+ UTUC (76). In
the phase III randomized trial of adjuvant chemotherapy
vs surveillance in UTUC conducted by the UK National
Cancer Research Institute (designated the POUT trial), the
authors reported that adjuvant chemotherapy (gemcitabine
and either cisplatin or carboplatin if patient glomerular
filtration rate (GFR) was 30-49 mL/min) provided a DFS
benefit of 51% (HR: 0.49) (77). Adjuvant chemotherapy,
therefore, plays an important supplemental role in treating
patients with high-risk and/or locally advanced UTUC.

Neoadjuvant chemotherapy prior to RNU for UTUC
allows for broader use of systemic therapy due to the
availability of two renal units since in patients with chronic
kidney disease, the surgically-induced loss of one kidney via
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RNU may render them ineligible for systemic therapy due
to poor overall renal filtration. Most regimens again involve
use of gemcitabine and either cisplatin or carboplatin if
patient GFR is 30-49 mL/min although some believe
that carboplatin-based regimens are inferior oncologically
for UTUC and just add to the delay to definitive surgical
therapy. Advanced imaging, such as positron emission
tomography (PET)/CT, may be able to better identify and
categorize patients who would benefit from neoadjuvant
chemotherapy, such as patients with microscopic nodal
disease on imaging or extension outside the muscularis layer
of the collecting system.

One prospective study showed a pathologic complete
response rate of 14% after neoadjuvant chemotherapy and
RNU for high-risk UTUC (4 out of 29 patients) (78). A
recent systematic review and meta-analysis by Kim er 4/. in
2019 evaluated four retrospective, observational studies on
318 patients receiving neoadjuvant chemotherapy for high-
risk UTUC prior to RNU (79). Compared to controls,
neoadjuvant chemotherapy improved OS and CSS by 57%
and 59%, respectively (79). The effect of neoadjuvant
chemotherapy on pathological tumor downstaging was 0.21,
indicating that UTUC patients who received it had a 4.76-
fold higher probability of being node negative at the time of
surgery compared to the control group, which underwent
surgery alone (79). Unlike adjuvant chemotherapy with the
POUT trial, there is no phase III randomized controlled
trial of neoadjuvant chemotherapy followed by surgery
(i.e., RNU) versus surgery alone in UTUC to evaluate
oncological efficacy with level 1 evidence.

Checkpoint inhibitors (PD-1/PD-L1 inhibitors) have
been growing in favor for use in urothelial carcinoma of
the bladder but only pembrolizumab and atezolizumab
have phase III randomized data published in UTUC (.e.,
KEYNOTE 045 and IMVigor 211, respectively) with
only 27% of the included population diagnosed with the
disease (80). As these immunotherapeutic agents are
increasingly utilized in cancer care, further trials will be
targeted toward the UTUC subgroup specifically as current
evidence is lacking.

Nephron-sparing surgery

Nephron-sparing surgery is not typically recommended for
high-risk UTUC although it may be considered for patients
with imperative indications including solitary kidney,
bilateral disease, baseline chronic kidney disease, or poor
surgical candidates (74). Ureteroscopy with laser ablation
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of tumors could be considered in this select population for
local control although the recurrence rate is high with risk
for possible progression to metastatic disease (80).

Conclusions

High-risk UTUC is typically managed surgically with
RNU, LND, and bladder cuff excision either using an
open, laparoscopic, or robotic-assisted approach. A single
instillation of intravesical chemotherapy post-RINU can also
help reduce bladder tumor recurrences in the postoperative
period regardless of surgical technique. Neoadjuvant or
adjuvant chemotherapy can further enhance oncological
outcomes with this disease although there is a push toward
neoadjuvant therapy due to loss of a renal unit and reduced
renal function precluding some patients from adjuvant
therapy. Further clinical trials are needed to examine
the effects of immunotherapy in the multi-disciplinary
treatment of this disease.
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