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Following radical nephroureterectomy for upper tract urothelial carcinoma, bladder tumor
recurrence is a common event occurring in up to 22-47% of cases within the first post-
operative year. In this review, we summarize the current knowledge on predictors of
bladder tumor recurrence after radical nephroureterectomy and methods for reducing the
risk of bladder tumor recurrence. Risk factors can be classified as modifiable and non-
modifiable. Of these, the treating urologist has the greatest potential to decrease bladder
tumor recurrence by focusing on treatment specific risk factors. Procedures which may
decrease the risk of bladder tumor recurrence include limiting diagnostic ureteroscopy
with biopsy to cases with equivocal diagnosis, use of perioperative intravesical
chemotherapy, and complete distal ureterectomy with bladder cuff excision. Ongoing
studies evaluating the timing and choice of intravesical chemotherapy during/after radical
nephroureterectomy may help to further reduce bladder tumor recurrence in the future.

Keywords: nephroureterectomy, bladder tumor recurrence, upper tract urothelial carcinoma, ureteroscopy (URS),
intravesical chemotherapy
INTRODUCTION

Urothelial carcinoma is the fourth most common solid malignancy, with cases occurring in both the
upper urinary tract (renal calyces, renal pelvis, ureter) and the lower urinary tract (urinary bladder
and urethra) (1, 2). Although comprised of the same features histologically, upper tract urothelial
carcinomas (UTUC) have been recognized as a distinct disease from lower tract urothelial
carcinoma due to anatomical, biological, and molecular differences (2, 3). UTUC currently
accounts for 5-10% of all urothelial carcinoma cases compared to 90-95% of cases occurring in
the lower tract, with cases of UTUC slowly rising (2, 4, 5). Despite the differences, upper and lower
tract urothelial carcinoma remain intertwined as UTUC is associated with a high rate of bladder
tumor recurrence (BTR), cited at 22-47% following radical nephroureterectomy (RNU) (2, 6, 7).
Risk factors for developing primary UTUC include smoking, phenacetin, exposure to aristocholic
acid (known as Chinese herb nephropathy or Balkan endemic nephropathy), Lynch syndrome, and
occupational exposures including aromatic amines (8). Current tobacco smoking has been
identified as a significant risk factor for UTUC, with the relative risk for developing UTUC
among smokers being 2.5 to 7-fold higher than among non-smokers (9). Phenacetin, an analgesic,
has also been shown to indirectly cause carcinogenesis by inducing nephrotoxicity through papillary
necrosis (10). Balkan endemic nephropathy and Chinese herb nephropathy are the same disease
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characterized by a mutation of the p53 gene due to exposure to
aristolochic acid, which has been specifically linked to UTUC
(11). Lynch Syndrome is a genetic disorder characterized by
abnormalities in DNA mismatch repair that leads to a 22-fold
increased relative risk in developing UTUC, with an 8% risk in
developing urologic cancers by 70 years of age (12, 13).
Occupational hazards such as exposure to aromatic amines
(common in the chemical and rubber industries) and
polycyclic aromatic hydrocarbons (used in coal and aluminum
manufacturing) may also increase the risk of UTUC (8, 14).

RNU with bladder cuff excision is the standard of care for
non-metastatic UTUC (15). Despite recent advances in the care
of urothelial carcinoma, the rate of BTR following RNU remains
high (4, 7, 16, 17). Multiple studies have examined the risk
factors for BTR, but results vary significantly. This may be partly
due to UTUC of high stage and grade having the propensity to
develop distant metastasis, causing patients to succumb to the
original disease before BTR becomes clinically apparent (18).
There are two primary theories for the development of BTR
following RNU which include the field cancerization hypothesis
and clonal expansion of multifocal carcinomas theory. Field
cancerization was first proposed in 1953 by Slaughter et al. and
was based on observations of the multicentric development of
cancers in the oral cavity, with the high impact of carcinogens
being associated with lifestyle factors (19). A similar
understanding is theorized for the urinary tract as the
urothelium is exposed to carcinogens that are present within
the urine resulting in development of independent tumors at
various sites within the urinary tract (19, 20). The other (and
more widely accepted) theory is the clonal expansion of
multifocal carcinomas, it proposes that multiple carcinomas in
the urinary tract are the result of intraluminal spread from a
single lesion, and that multiple carcinomas originate from a
single transformed cell via seeding or implantation of cancer cells
at different sites (20). Regardless of the origin, BTR following
RNU remains an important focus of research due to the
associated increased monitoring, treatment and morbidity.
This review focuses on risks factors and methods to decrease
BTR following RNU.

Predictors of BTR Following RNU
Multiple predictors of BTR following RNU have been identified.
These predictors can be categorized as modifiable and non-
modifiable, Table 1. The evidence supporting these predictors
and potential measures to mitigate the associated risk of BTR will
be presented.
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Clinical and standard pathologic features have been evaluated
as potential predictors of BTR after RNU. In a retrospective
analysis of 1,839 patients by Xylinas et al, advanced age, male
gender, ureteral tumor location, use of laparoscopic surgical
technique, endoscopic distal ureteral management, prior
bladder cancer, higher tumor stage, concomitant CIS and
lymph node involvement were all significantly associated with
BTR after RNU (21). These features were utilized to developed a
nomogram for predicting the probability of BTR over a 3 year
period. BTR occurred in 31% of patients included. The accuracy
of the nomogram was moderate with concordance index of
67.8% in the training cohort and 69% in the validation cohort.
The authors suggest that such predictive models may help to
determine use of perioperative intravesical chemotherapy (IVC)
and to develop risk-based surveillance regimens.

A meta-analysis, by Seisen et al. presents three categories of
predictors of BTR including patient, tumor, and treatment specific
factors (22). Patient specific factors identified included male gender,
previous bladder cancer, smoking, and preoperative CKD (5, 22).
Tumor specific factors included multifocality, invasive pathologic T
stage, ureteral location, positive pre-operative urinary cytology, and
the presence of necrosis (22). Lastly, treatment specific factors
increasing the risk of BTR included laparoscopic approach,
extravesical bladder cuff removal, positive surgical margins, and
diagnostic ureteroscopy (dURS) (17, 22).

Molecular Predictors of
Intravesical Recurrence
Several molecular markers have been suggested to be associated
with BTR. Whole-exome sequencing of DNA and RNA and
protein analysis from UTUC tumor specimens revealed (23)
FGFR3 to be the most commonly mutated gene (74%) in both
low grade (92%) and high-grade (60%) disease. UTUC
specimens were divided into 4 subtypes based on RNA
expression, with Cluster 3 (categorized by having 100% FGFR3
mutations, 71% PIK3CA, no TP53 mutations, high tobacco use)
having the highest rates of BTR. Notably, Cluster 3 was the only
UTUC subgroup with PIK3CA mutations, with no TP53
mutations identified (23). While this data suggests an increased
risk of BTR associated with Cluster 3 tumors, the small sample
size of study does not permit statistical analysis and future
evaluation of larger data sets are required prior to considering
risk of BTR based upon these molecular features.

Additional large multi-institutional retrospective studies have
noted that Ki-67, HER-2, EGFR, N-cadherin, AIB1 and EIF5A2
are associated with BTR after RNU (24, 25). Additionally,
preoperative monocyte-to-lymphocyte ratio (MLR) has also
been shown to be associated with BTR (26). While not
currently used in clinical practice, such molecular biomarkers
along with preoperative MLR have the potential for helping
determine which patients are more susceptible to BTR after RNU
(24, 26), and may help to develop risked based surveillance plans.

Diagnostic Ureteroscopy
dURS is important when UTUC is suspected on CT imaging or
atypical urine cytology. However, dURS and biopsy for the
TABLE 1 | Modifiable and Non-Modifiable Risk Factors for BTR following RNU.

Modifiable Risk Factors for BTR Non-Modifiable Risk Factors for BTR

Smoking Gender
Surgical approach History of Bladder Cancer
Method of bladder cuff excision Preoperative CKD
Surgical margins Tumor focality
Diagnostic ureteroscopy Tumor stage
Perioperative intravesical
chemotherapy

Tumor location
Tumor genomics
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diagnosis of UTUC is a potential risk factor for BTR. This is
believed to be related to cell implantations from the primary
tumor resulting from tumor manipulation. A 2018 systemic
review pooled data from eight independent retrospective studies
with a total of 3,340 patients. Meta-analysis of the hazard ratios
demonstrated an increased risk of BTR associated with dURS
prior to RNU, HR 1.53 (95% CI 1.31–1.77) (27). Multiple other
studies published since this meta-analysis have noted similar
results, Table 2. All of these studies were retrospective and only
one evaluated data from multiple institutions (17, 28–30). Use of
IVC during the perioperative period of RNU was only reported in
one of these studies and none reported the use of IVC at the time
of dURS. dURS was noted to be an independent predictor of BTR
in all but one of these series. Furthermore, it is worth noting that
dURS was the most common independent predictor across these
series. Due to this association it is reasonable to limit dURS when
possible and evaluate additional measures to decrease BTR
associated with dURS (17, 28–30).

A potential method to decrease BTR when dURS is performed
is the administration of IVC immediately following dURS. The
potential for this approach has been evaluated by Gallioli et al. in
a prospective series of 26 patents. Patients with UTUC were
treated with endoscopic tumor ablation followed by a single dose
of mitomycin instilled in renal pelvis. The single dose of
mitomycin C was associated with a 7.7-fold lower risk of
urothelial cancer recurrence (upper tract or bladder) compared
to the historical control group (31). While this study did not
evaluate BTR following RNU, it does demonstrate the potential
for an intervention to decrease BTR that may be associated dURS.
REDUCTION OF INTRAVESICAL
RECURRENCE AFTER RADICAL
NEPHROURETERECTOMY

Perioperative Intravesical Chemotherapy
IVC during the perioperative period of RNU has the potential to
decrease BTR by destroying circulating tumor cells released into
the urine during surgery which may result in tumor seeding. The
efficacy of postoperative IVC has been evaluated in two
important randomized trials, summarized in Table 3. The
ODMIT-C trial by O’Brien et al. evaluated the impact of a
single post-operative dose of 40mg of mitomycin C (MMC) in
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reducing BTR within the first 12 months following RNU (32).
MMC was administered at the time of urinary catheter removal
which typically occurred 7-10 days following RNU. Important
exclusion criteria included a prior history of bladder cancer and
tumor located within the distal intramural ureter. Overall, a
single dose of MMCwas found to have an absolute risk reduction
of 11%, relative risk reduction of 40% with the number needed to
treat to prevent one bladder tumor of nine (32). Sub-group
analysis also revealed a decreased risk of BTR in well
differentiated tumors (6%) compared to moderately
differentiated (25%), and poorly differentiated (22%) tumors.
No serious adverse events were associated with post-operative
MMC instillations. Potential limitations of this trial include a
lack of standardized timing of administration of MMC and no
requirement for histologic proof of BTR.

The second randomized trial investigating adjuvant bladder
instillations was performed by Ito et al. (33) A single intravesical
instillation of 30mg of pirarubicin was administered within 48
hours of RNU. Surveillance cystoscopy and urine cytology were
performed every 3 months for the first 2 years. Overall, a single
dose of pirarubicin significantly reduced one-year BTR at 16.9%
compared to 31.8% in the control group and two-year BTR of
16.9% compared to 42.2% in the control group (33). No serious
adverse events were associated with pirarubicin instillations. On
multivariable analysis, administration of post-operative
intravesical pirarubicin and open surgery were noted to be
independent predictors of decreased BTR (33).

These two randomized trials were included in a Cochrane
systematic review investigating the effect of single-dose IVC
(MMC or pirarubicin) after RNU for UTUC. A total of 361
patients were included. Variations in bladder cuff management,
type of IVC, timing of administration and dwell time were
present. This review concluded that a single dose of IVC may
reduce the risk of BTR compared to no instillation (HR 0.51)
(34). Despite the level 1 evidence demonstrating the benefit of a
single dose of perioperative IVC with RNU, a national survey of
urologic oncologists (n=158), performed by Lu et al. found that
only 51% of urologic oncologists report using perioperative IVC
in patients undergoing RNU (35). Unfortunately, 44% of
urologists who do not administer IVC stated their reason for
not administering IVC was due to lack of supporting data (35).
Additionally, this study revealed a wide variation in timing
of IVC administration with 33% administered intraoperatively,
7% at ≤3 days, 37% at 4-7 days, 20% at 8-14 days, and 3%
May 2022 | Volume 2 | Article 903693
TABLE 2 | Contemporary series evaluating association of diagnostic ureteroscopy and BTR following RNU.

Study Type Number of
Patients

Number with
diagnostic

ureteroscopy (%)

Median follow up after
RNU (months)

Use of intravesical
chemotherapy in

perioperative period

BTR Predictors of BTR on
multivariate analysis

Baboudjian
et al. (28)

Single center
Retrospective

93 70 (75) 35 22% without dURS
16% with dURS

26% without dURS
59% with dURS

dURS

Chen et al.
(29)

Single center
Retrospective

195 90 (46) 46 None NA dURS, T3/T4 disease

Katims et al.
(17)

Multi-center
Retrospective

468 336 (72) 21 Not applicable 18% without dURS
25% with dURS

Hypertension,
transurethral resection
of bladder cuff

Li et al. (30) Single center
Retrospective

217 136 (63) 42 Not applicable 15% without dURS
32% with dURS

dURS, tumor location
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at >14 days, consistent with the lack of evidence regarding
optimal timing of treatment (35).

Timing of Perioperative IVC Administration
Both randomized trials demonstrating the efficacy of single dose
IVC after RNU administered therapy in the post-operative
period, ranging from 2-10 days. It has been hypothesized that
intra-operative IVC may further decrease BTR. One of the main
concerns of the investigators designing the randomized trials was
the risk of IVC extravasation and resulting intraperitoneal
leakage leading to pain and serious adverse events. However,
the safety of intra-operative IVC at the time of RNU has been
noted in a retrospective review by Moriarty et al. In this series
patients received intraoperative MMC or adriamycin and no
intra-operative or post-operative complications associated with
IVC were noted (36).

The efficacy of intraoperative IVC and the time of RNU has
been evaluated in two series. A single-institution retrospective
study by Noennig et al. of 51 patients noted BTR in 16% of
receiving intra-operative MMC vs 33% in those received MMC
post-operatively (administered within 24-72hrs post-
operatively) (37). Multivariate analysis noted significant
associations of BTR within one year with the timing of MMC
installation, surgical approach, surgical margin status, and
presence of concomitant carcinoma in situ. Notably, patients
who received intraoperative MMC had a significantly reduced
risk of BTR in the 12 months following RNU (HR = 0.113, 95%
CI = 0.028-0.63, p = 0.01). Results of this retrospective series
led to an ongoing single-arm phase II study evaluating efficacy
of intra-operative administration of MMC at time of
RNU (NCT03658304).

A multi-center retrospective analysis of 137 patients who
received intra-operative or post-operative MMC or gemcitabine
were evaluated for BTR (38). The majority of their cohort, 81%
received intra-operative IVC compared to 19% who received
post-operative IVC (38). Similar BTR rates were noted in those
who received intra-operative versus post-operative IVC
instillations (18% 12 month BTR for intra-operative IVC
group, 28% for the post-operative IVC group, P=0.365) (38).
On multivariate analysis, tumor focality was the only
independent predictor of BTR. It is also important to note that
this is the first study evaluating use of gemcitabine as the IVC
agent to reduce BTR. Based on the results, the authors concluded
that intra-operative IVC was comparable to post-operative IVC
in preventing BTR following RNU. Additionally, intra-operative
IVC may be advantageous to increase dwell time, eliminate
Frontiers in Urology | www.frontiersin.org 4
patient discomfort, and reduce the need for additional imaging
prior IVC (38).

The GEMINI trial (NCT04398368) is expected to provided
additional information on the safety and efficacy of
intraoperative intravesical gemcitabine at the time of RNU.
This single arm multi-center phase II study will evaluate 12-
month BTR with an anticipated enrollment of 90 patients (39).

Management of Risk Factors
Current smoking is a well-known risk factor for urothelial
carcinoma. However, former smoking history and continued
smoking may also affect clinical outcomes in patients with
UTUC. Hagiwara et al. performed a retrospective review of
245 patients treated with RNU to determine if an association
exists between BTR rates and smoking status. They found that
the 3-year BTR free survival was 32.6% in current smokers,
37.6% in former smokers and 61.7% in non-smokers (40). On
multivariate analysis, both current smoking and former smoking
status were independent risk factors for subsequent BTR (HR
1.58 and 1.77 respectively) (40). For those patients with greater
than 50 pack-years or greater smoking history, incidence of BTR
after RNU was twice as likely (p=0.003) (40). Therefore, the
authors concluded that smoking —both current and former is
associated with increased likelihood of BTR in those undergoing
RNU for UTUC (40).

Surgical Technique – Early Ureteral
Ligation, Bladder Cuff Resection
RNU with bladder cuff excision and regional lymph node
dissection is the standard of care for the treatment of
locoregional UTUC (41). Several techniques have been used to
manage excision of the ureteral orifice, including intravesical
versus extravesical excision, or via an endoscopic approach.
Current guidelines by the National Comprehensive Cancer
Network (NCCN) and the European Association of Urology
(EAU) do not recommend a specific technique (42, 43).
However, it has been suggested that the technique of bladder
cuff excision impacts BTR. A retrospective review of 856 patients
with no history of bladder cancer undergoing RNU evaluated the
impact of extravesical ligation (EL) versus transvesical excision
(TE) on BTR (44). TE was defined as visually confirming the
ipsilateral ureteral orifice prior to excision of the bladder cuff and
removal of the intramural portion of the ureter. EL was defined
as ligation of the premural ureter close to the bladder (bladder
was not incised and the ureteral orifice was not visually
confirmed). BTR free survival for the TE group at 5 years was
TABLE 3 | Randomized trials evaluating perioperative IVC in decreasing BTR.

O’Brien et al. (32) Ito et al. (33)

Intervention Single dose of mitomycin C Single dose of pirarubicin
Timing of Instillation At time of urinary catheter removal Within 48 hours of RNU
Primary outcome BTR at 12 months BTR at 12 and 24 months
Number of patients 284 77
dURS Not applicable Not applicable
12-month BTR 17% in MMC arm

27% in control arm
17% in THP arm
32% in control arm
May 2022 |
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59.9% compared to 49.3% in the EL group (p=0.008) (44). On
multivariable analysis, EL was associated with BTR (HR 1.4,
p=0.003) compared to TE (44). Other predictors of BTR included
age, dURS, tumor location and pathologic N stage. In subgroup
analysis based on tumor location, TE showed improved BTR in
patients with renal pelvis tumors (p=0.003) but no improvement
in those with ureteral tumors (44). TE also showed improved
cancer specific survival at 5 years after RNU at 82% versus 73.8%
in the EL group (p=0.0019). The authors report that incomplete
distal ureteric resection is associated with poor oncological
outcomes including BTR, and that intramural excision of the
ureter should be the standard of care for UTUC patients
undergoing RNU (44).

Another potential method to decrease tumor seeding during
RNU is early ureteral ligation distal to the tumor. A prospective
single-arm trial by Yamashita et al. included 74 patients who
underwent early ureteral ligation were compared to historical
controls for BTR. Early ureteral ligation was defined as ligation of
the ureter as quickly as possible after entering the retroperitoneal
space (45). In this series, 23% of patients had BTR at a median
follow-up of 24 months. 12 and 24-month BTR rates in the early
ureteral ligation group were 81% and 76% vs 75% and 63% in the
control group (p=0.16) (45). Multivariate analysis of patients
with renal pelvis cancer identified early ureteral ligation as an
independent predictor of BTR (45). No improvement in BTR
was noted with early ureteral ligation in patients with UTUC
involving the ureter.

Open Versus Laparoscopic RNU
With the advent of laparoscopy and robotics, minimally invasive
RNU has been widely adopted. A recent European Association of
Urology (EAU) Guidelines systematic review including 42
studies of 7,554 patients comparing oncologic outcomes of
open versus laparoscopic RNU found overall similar oncologic
outcomes between open and laparoscopic RNU (46). Of the
studies included, multiple series compared BTR in open versus
laparoscopic RNUs. Of the 38 studies included, only one
reported a significant difference in BTR between surgical
approaches. An additional four studies compared BTR in
patients undergoing laparoscopic RNU with endoscopic
bladder cuff excision versus open RNU, none of which
reported significant differences in observed BTR. While this
systematic review did not report an impact of surgical
technique on BTR, this finding is not consistent across all series.

The majority of series evaluating BTR after treatment of
UTUC focus on patients undergoing RNU and there is little
data evaluating BTR following RNU compared to nephron
sparing techniques, especially distal ureterectomy. When
comparing oncological outcomes of RNU versus distal
ureterectomy for treatment of organ confined UTUC, Seisen
et al. found no difference in BTR between the two groups on
multivariable analysis (HR 0.9, p=0.52) (47). This is in agreement
with another retrospective study performed by Dalpiaz et al. of 89
patients who underwent RNU or distal ureterectomy and found
no statistical significant in BTR between the two groups (48).

Based upon the known the risk factors for BTR following
RNU optimizing risk reduction is possible. Figure 1
Frontiers in Urology | www.frontiersin.org 5
demonstrates a potential pathway for risk reduction starting
with the initial diagnosis. As proposed, future efforts in reducing
BTR should incorporate multiple strategies throughout the
treatment algorithm.
DISCUSSION

Of the non-modifiable risk factors for BTR, risk based upon
tumor characteristics (stage, grade, location, and genomics) may
prove valuable in developing risk based surveillance plans as
suggested by Xylinas et al. (7). Furthermore, tumor stage is one of
the principle determinants for considering adjuvant therapy after
RNU. The POUT trial evaluated the benefit of adjuvant
chemotherapy versus observation in patients with T2-4N0-3M0

or TanyN1-3M0 pathology at RNU (49). Three-year event free
survival was significantly improved in patients receiving
chemotherapy compared to observation, 71% versus 46%
respectively (49). New non-muscle invasive bladder cancer was
not considered an event when evaluating the primary endpoint,
and BTR was not compared between treatment groups (49).
CheckMate 274 evaluated the benefit of adjuvant nivolumab
versus placebo in patients undergoing radical surgery urothelial
carcinoma. While the majority of patients in the study
underwent radical cystectomy for bladder cancer, 21% of
participants underwent RNU for UTUC (50). In the entire
study population a significant benefit in disease-free survival
was noted in patients receiving nivolumab, 20.8 months, versus
placebo, 10.8 months (50). However, the exploratory analysis
focusing on patients with UTUC did not demonstrate a benefit in
disease free survival. While the adjuvant strategies evaluated in
POUT and CheckMate 274 focused on preventing systemic
disease progression, no data is available on the impact of these
treatments on BTR (49, 50).

Of the modifiable predictors of BTR there are several targets
to improve patient outcomes. Decreasing the risk of BTR can
begin when UTUC is first suspected. Limiting dURS is especially
reasonable in patients with imaging consistent with UTUC and a
positive urine cytology. Such patients do not require a dURS
prior to RNU. Despite the risk of BTR associated with dURS and
the option to offer patients RNU without a biopsy, dURS should
not be completely abandoned. In cases where the diagnostic
findings are equivocal, normal upper tract/suspicious upper tract
imaging, and atypical/negative urine cytology dURS is
recommended. Additionally, endoscopic ablation for low grade
low volume tumors is appropriate based upon multiple series
demonstrating disease control and low rates of progression (51).
This approach to low grade upper tract tumors is reinforced with
the approval of Jelmyto in which confirmation of low grade
disease with a biopsy is required prior to treatment (52).

When RNU is indicated, it does not appear that open versus
laparoscopic/robotic surgical approach has a significant impact
on BTR. However, surgical techniques including early ureteral
ligation distal to the tumor and complete excision of the
ipsilateral ureteral orifice are certainly be of benefit. Increasing
the use of IVC in the perioperative period is an obvious target for
May 2022 | Volume 2 | Article 903693
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improvement based upon the disappointing results of the survey
conducted in 2017 with only 51% of respondents utilizing IVC in
the perioperative period. In addition to improvements that could
be gained from increased utilization of IVC following RNU,
further gains may come with optimizing the timing of IVC
administration. The two ongoing trials evaluating intraoperative
IVC during RNU will help to determine if the timing of
treatment can help further reduce BTR.
CONCLUSIONS

BTR in UTUC patients is a relatively frequent event with
considerable effect on patient quality of life. Several strategies
Frontiers in Urology | www.frontiersin.org 6
have been suggested to reduce BTR in those undergoing RNU for
UTUC including limiting dURS, early ureteral ligation, formal
bladder cuff excision, and single dose of perioperative IVC.
Current ongoing studies evaluating the choice and timing of
IVC will further standardize management of UTUC and may
increase usage rates of peri-operative IVC amongst urologists.
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