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Background: Intravesical recurrence after radical nephroureterectomy (RNU) is a frequent event requiring intense cystoscopic surveillance. Recently, a prospective randomized clinical trial has shown that a single intravesical postoperative dose of mitomycin C
(MMC) reduces the absolute risk of intravesical recurrence after RNU.
Objective: The aim of the current study was to identify predictors of intravesical
recurrence and to develop a tool to allow a risk-stratiﬁed approach supporting patient
counseling for cystoscopic surveillance and postoperative intravesical MMC administration.
Design, setting, and participants: We performed a retrospective analysis of 1839
patients with upper tract urothelial carcinoma (UTUC). The data set was split into a
development cohort of 1261 patients from North America and a validation cohort of
578 patients from Europe.
Interventions: RNU with bladder cuff excision was performed. The surgical approach
was open in 1424 patients (77.4%) and laparoscopic in 415 patients (22.6%).
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Outcome measurements and statistical analyses: Univariable and multivariable Cox
regression models addressed time to intravesical recurrence after RNU. We developed a
nomogram for prediction of the probability of intravesical recurrence at 3, 6, 9, 12, 18, 24,
and 36 mo. Predictive accuracy was quantiﬁed using the concordance index. Decision
curve analysis was performed to evaluate the clinical beneﬁt associated with the use of
our nomograms.
Results and limitations: With a median follow-up of 45 mo, intravesical recurrence
occurred in 577 patients (31%). The probability of intravesical recurrence-free survival at
6, 12, 24, and 36 mo was 85%  1%, 78%  1%, 68%  1%, and 47%  2%, respectively. In
multivariable Cox regression analysis, advanced age, male gender, ureteral tumor location,
laparoscopic surgical technique, endoscopic distal ureteral management, previous bladder
cancer, higher tumor stage, concomitant carcinoma in situ, and lymph node involvement
were all signiﬁcantly associated with intravesical recurrence ( p values 0.04). The nomograms were highly accurate for predicting intravesical recurrence in the external validation
cohort (concordance index of 67.8% and 69.0% for the reduced model and the full model,
respectively), and calibration plots revealed only minor overestimation beyond 24 mo. If
one decided to perform postoperative instillation based on the risk of intravesical recurrence of 15% at 24 mo, one would spare 23% of the patients while not preventing only 0.3% of
intravesical recurrences. The lack of information on the stage and grade of the intravesical
recurrences is the main limitation of the study.
Conclusions: Intravesical recurrence after RNU is a common event in patients with
UTUC. We developed nomograms that predict intravesical recurrence after RNU with
reasonable accuracy. Such nomograms could improve the clinical decision-making
process with regard to cystoscopic surveillance scheduling and postoperative intravesical instillations of MMC after RNU.
# 2013 Published by Elsevier B.V. on behalf of European Association of Urology.

1.

Introduction

Intravesical recurrence after radical nephroureterectomy
(RNU) for upper tract urothelial carcinoma (UTUC) is a
frequent event, occurring in 30–50% of patients, with the
majority of tumors occurring in the first postoperative year
[1–5]. Recently, a prospective randomized trial demonstrated that a single postoperative administration of 40 mg
of intravesical mitomycin C (MMC) reduces the probability
of intravesical recurrence following RNU [6], with an
absolute risk reduction of 11%, and nine patients needed
to be treated to prevent one intravesical recurrence.
Although this can be considered a step toward improved
outcomes, the number of patients that need to be treated,
the cost of the treatment in some countries, and the sideeffect profile of this drug make this rate too high to
implement use indiscriminately [7].
Improved risk stratification and accurate individualized
prediction of intravesical recurrence after RNU could help
tailor cystoscopic surveillance and guide administration of
postoperative MMC to those who are likely to benefit from it
while sparing those who are not likely to benefit. Several
studies have tried to identify predictors of intravesical
recurrence based on clinicopathologic features [1,2,5].
However, conclusions from these studies are limited by
their single-center nature, relatively small sample size,
homogeneous study populations, and lack of integration of
both tumor- and surgery-specific characteristics in multivariable analysis. Therefore, the aim of the current study
was to identify predictors of intravesical recurrence and to
develop a tool for guidance of a risk-stratified approach to
cystoscopic surveillance and postoperative intravesical
MMC instillation.

2.

Methods

2.1.

Patients

In this institutional review board–approved study, all participating sites
provided necessary institutional data-sharing agreements prior to the
initiation of the study. A total of 15 centers worldwide provided data. A
computerized databank was generated for data transfer. After combining
the data sets, reports were generated for each variable to identify data
inconsistencies and other data integrity problems. Through regular
communication with all sites, resolution of all identiﬁed anomalies was
achieved before analysis. Prior to ﬁnal analysis, the database was frozen
and the ﬁnal data set was produced for the current analysis.
From 1987 to 2007, 1839 patients underwent RNU with bladder cuff
excision for UTUC. None of patients received preoperative chemotherapy
or radiotherapy. No patients had previous muscle-invasive bladder
cancer or high-grade non–muscle-invasive disease (no previous
instillations). Adjuvant systemic chemotherapy was administered at
the clinician’s discretion based on tumor stage and overall health status
as well as patient’s preference (n = 196).

2.2.

Pathologic evaluation

All surgical specimens were processed according to standard pathologic
procedures at each institution. Tumors were staged according to the
2002 American Joint Committee on Cancer–Union Internationale Contre
le Cancer TNM classiﬁcation [8]. Tumor grade was assessed according to
the 1998 World Health Organization/International Society of Urologic
Pathology consensus classiﬁcation [9]. Tumor location was deﬁned as
either renal pelvic or ureteral [10]. Tumor multifocality was deﬁned as
the synchronous presence of two or more pathologically conﬁrmed
tumors in any location (renal pelvicalyceal system or ureter) [11].
Lymphovascular invasion was deﬁned as the presence of tumor cells
within an endothelium-lined space without underlying muscular walls
[12].
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2.3.

Follow-up regimen

2.4.

Patients were generally followed every 3–4 mo for the ﬁrst year

Statistical analysis

The data set was split into a development cohort of 1261 patients from

following RNU, every 6 mo from the second through the ﬁfth year, and

North America and a validation cohort of 578 patients from Europe.

annually thereafter. Follow-up consisted of history, physical examina-

Differences in continuous variables were assessed using the Mann-

tion, routine blood work, urinary cytology, chest radiography, cysto-

Whitney U test. The chi-square test was used to evaluate the association

scopic evaluation of the urinary bladder, and radiographic evaluation of

between categorical variables. Univariable and multivariable Cox

the contralateral upper urinary tract. Elective bone scans, chest computed

regression models addressed time to intravesical recurrence after

tomography, and/or magnetic resonance imaging were performed when

RNU. Multivariable Cox regression coefﬁcients were then used to

clinically indicated.

generate nomograms. Discrimination of these nomograms was quanti-

Bladder cancer occurrences that were histologically proven

ﬁed in the validation cohort using Harrell’s concordance index.

were coded as intravesical recurrence. Intravesical recurrence

Calibration plots were generated to explore nomogram performance

excluded tumor relapse in the operative ﬁeld, contralateral ureter

on the external validation cohort (extent of over- or underestimation).

and/or pyelocalyceal system, regional lymph nodes, and/or distant

Decision curve analysis was used to explore the clinical value of the
multivariable models [13,14]. Decision curve analysis is a method for

metastasis.

Table 1 – Clinicopathologic characteristics of 1839 patients treated with radical nephroureterectomy for upper tract urothelial carcinoma
Variable
Patients, n (%)
Age, yr, median, IQR
Gender, n (%)
Male
Female
Previous bladder cancer, n (%)
Yes
No
Primary tumor location, n (%)
Renal pelvis
Ureteral
Multifocality, n (%)
Yes
No
Surgical approach, n (%)
Open
Laparoscopic
Distal ureter management, n (%)
Transvesical
Extravesical
Endoscopic
pT stage, n (%)
pT0-pTa-pTis-pT1
pT2
pT3
pT4
Grade, n (%)
No tumor
Low
High
Lymph node status, n (%)
pN0
pNx
pN+
Concomitant CIS, n (%)
Present
Absent
Lymphovascular invasion, n (%)
Present
Absent
Adjuvant chemotherapy, n (%)
Yes
No
Follow-up, mo
Intravesical recurrence, n (%)
Time to intravesical recurrence, mo

All patients
1839 (100)
70.0 (62–76)

Development cohort
1261 (68.6)
70.8 (62.8–76.4)

Validation cohort
578 (31.4)
68.0 (61–75)

1230 (66.9)
609 (33.1)

834 (66.1)
427 (33.9)

396 (68.5)
182 (31.5)

618 (33.6)
1221 (66.4)

487 (38.6)
774 (61.4)

131 (22.7)
447 (77.3)

1177 (64)
662 (36)

840 (66.6)
421 (33.4)

337 (58.3)
241 (41.7)

440 (23.9)
1399 (76.1)

264 (20.9)
997 (79.1)

176 (30.4)
402 (69.6)

1424 (77.4)
415 (22.6)

926 (73.4)
335 (26.6)

498 (86.2)
80 (13.8)

1251 (68)
507 (27.6)
81 (4.4)

972 (77.1)
213 (16.9)
76 (6)

279 (48.3)
294 (50.9)
5 (0.8)

660
229
332
40

242
118
177
41

p value
–
<0.001
0.32

<0.001

0.001

<0.001

<0.001

<0.001

<0.001
902
347
509
81

(49)
(18.9)
(27.7)
(4.4)

(52.3)
(18.2)
(26.3)
(3.2)

(41.9)
(20.4)
(30.6)
(7.1)
<0.001

24 (1.3)
326 (17.7)
1489 (81)

23 (1.8)
269 (21.2)
969 (76.8)

1 (0.2)
57 (9.8)
520 (90)

1040 (56.6)
613 (33.3)
186 (10.1)

644 (51)
485 (38.5)
132 (10.5)

396 (68.5)
613 (33.3)
186 (10.2)

488 (26.5)
1351 (73.5)

388 (30.8)
873 (69.2)

100 (17.3)
478 (82.7)

382 (20.8)
1142 (62.2)

249 (26.3)
697 (73.7)

133 (23)
445 (77)

<0.001

<0.001

0.15

0.01
196 (10.7)
1643 (89.3)
38.0 (17.5–74.3)
577 (31.4)
24 (10–53)

118 (9.4)
1143 (90.6)
41.1 (19–76.7)
24.0 (9.6–54.1)

78 (13.5)
500 (86.5)
34.0 (16–67)
24.2 (11.5–49)

0.001
–

CIS = carcinoma in situ; IQR = interquartile range.
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evaluating the clinical beneﬁt of prediction models. One adds the
beneﬁts (true positives) and subtracts the harms (false positives).
Because the value of a true positive (eg, intravesical recurrence) may
differ from the disadvantages resulting from a false positive (eg,
avoidable postoperative instillation of MMC), the net beneﬁt differen-

Table 2 – Multivariable Cox regression analyses predicting
intravesical recurrence in 1261 patients treated with radical
nephroureterectomy for upper tract urothelial carcinoma
(development cohort)
Variable

tially weights true and false positives by using the threshold probability

HR

at which a physician would opt for the instillation. For example, if a
physician would opt for the instillation with a 10% risk of intravesical
recurrence after RNU but would forgo the instillation with only a 9% risk,
then the threshold probability is 10%. The best model displays higher
net beneﬁts throughout the clinically applicable range of threshold
probabilities. All reported p values are two-sided, and statistical
signiﬁcance was set at 0.05. All statistical tests were performed with
the R open-source statistical software package (R Foundation, Vienna,
Austria; www.r-project.org) and STATA 12.0 (StataCorp., College Station,
TX, USA).

3.

Results

3.1.

Clinicopathologic characteristics

The clinicopathologic characteristics of the 1261 patients
from the North American development cohort and the 568
patients from the European validation cohort are shown in
Table 1. The patients in the development cohort were older
( p < 0.001), had a higher proportion of previous bladder
cancer ( p < 0.001), were more likely to have undergone
laparoscopic RNU ( p < 0.001) and transvesical distal ureter
management ( p < 0.001), and were more likely to harbor a
renal pelvicalyceal tumor ( p = 0.001), a multifocal tumor
( p < 0.001), and concomitant carcinoma in situ (CIS;
p < 0.001). Conversely, the patients in the validation cohort
had a higher proportion of pT3-pT4 disease ( p = 0.01) and
high-grade disease ( p = 0.04) and were more likely to
receive adjuvant chemotherapy ( p = 0.02). Finally, the
median follow-up was longer in the development cohort
than in the validation cohort ( p = 0.001).
3.2.

Predictors of intravesical recurrence

With a median follow-up of 45 mo, intravesical recurrence
occurred in 577 patients (31%). The probability of intravesical recurrence-free survival at 6, 12, 24, and 36 mo was
85%  1%, 78%  1%, 68%  1%, and 47%  2%, respectively.
In univariable Cox regression analyses, advanced age,
male gender, ureteral tumor location, laparoscopic surgical
technique, endoscopic distal ureteral management, previous bladder cancer, higher tumor stage, concomitant CIS,
and lymph node involvement were all associated with
intravesical recurrence ( p values 0.05).
In multivariable Cox regression analysis, advanced age,
male gender, ureteral tumor location, laparoscopic surgical
technique, endoscopic distal ureteral management, previous bladder cancer, higher tumor stage, concomitant CIS,
and lymph node involvement were all associated with
intravesical recurrence ( p values 0.04; Table 2). These
factors remained independently associated with intravesical recurrence in the validation cohort (data not shown).
Similarly, when excluding patients with previous
history of bladder cancer (n = 487), the same factors were

All patients (n = 1261)

Age (continuous)
Female gender
Tumor location (ureteral)
Tumor multifocality
Previous bladder cancer
Laparoscopic RNU
Distal ureteral management
Transvesical
Extravesical
Endoscopic
Pathologic T classiﬁcation (trend)
pT0-pTa-pT1-pTis
pT2
pT3
pT4
High tumor grade
Concomitant carcinoma in situ
Lymphovascular invasion
Lymph nodes status
LN0
LNx
LN+

95% CI

p value

1.01
0.80
1.25
1.11
3.02
1.50

1.00–1.02
0.64–0.99
1.02–1.51
0.89–1.38
2.47–3.69
1.17–1.93

0.03
0.04
0.03
0.36
<0.001
0.001

1
1.38
1.79

Referent
1.12–1.69
1.15–2.79

–
0.002
0.01

1
1.07
1.56
4.29
0.67
2.79
1.15

Referent
0.82–1.40
1.21–2.00
2.59–7.11
0.33 – 1.38
2.28–3.42
0.89–1.48

1
1.18
1.69

Referent
0.95–1.47
1.19–2.40

–
0.61
0.001
<0.001
0.26
<0.001
0.29
–
0.14
0.003

CI = conﬁdence interval; HR = hazard ratio; RNU = radical nephroureterectomy.

associated with the occurrence of intravesical recurrence
(data not shown).
3.3.

Nomogram development and validation

We developed two competing-risk nomograms for prediction of the probability of intravesical recurrence at
3, 6, 12, 18, 24, and 36 mo (Figs. 1 and 2). The reduced
model (Fig. 1) is based on patient age, gender, previous
history of bladder cancer, tumor location, pathologic
T stage, presence of concomitant CIS, and lymph node
involvement. This model had discrimination of 67.8% for
predicting intravesical recurrence in the external validation cohort.
The full model (Fig. 2) additionally incorporates the
surgical approach (laparoscopic or open RNU) and the distal
ureter management approach (transvesical, extravesical, or
endoscopic) [15]. The discrimination of this model, as
quantified by the concordance index in the external
validation cohort, was 69.0%.
By calculating the total number of risk points on the
nomogram, one is able to calculate the 3-, 6-, 12-, 18-, 24-,
and 36-mo probabilities of intravesical recurrence after
RNU. The calibration plots (Fig. 3) revealed only minor
overestimation for the patients with nomogram-predicted
probability of >60% beyond 24 mo.
In the decision curve analysis, the two nomograms
offered net benefit over the ‘‘treat all’’ strategy at threshold
probabilities 12% at 12 mo and 15% at 24 mo (Fig. 4a
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Points
Age

Gender
Previous bladder cancer

Location
Stage
Concomitant CIS

LND

Total points

0

10

20

30

20

30

40

40

50

50

60

60

70

70

80

90

80

100

90

100

350

400

Male
Female
Yes
No
Ureter
Renal
pT2

pT4
pT3

pT0-pTa-pTis-pT1

Yes
No
pN0
pNx

pN+

0

50

100

150

200

250

300

3 mo
1

5

6 mo
1

5

10

20

12 mo
5

10

20

50

60

18 mo
5

10

20

50

60

80

24 mo
10

36 mo

10

20

20

50

50

60

60

80

80

90

90

Fig. 1 – Nomogram for prediction of intravesical recurrence in patients with upper tract urothelial carcinoma at 3, 6, 12, 18, 24, and 36 mo after radical
nephroureterectomy. Reduced model based on age, gender, previous history of bladder cancer, tumor location, tumor stage, presence of concomitant
carcinoma in situ, and lymph node status. To obtain the nomogram-predicted probability of intravesical recurrence, locate patient values on each axis.
Draw a vertical line to the Point axis to determine how many points are attributed for each variable value. Add the points of all variables. Locate the sum
on the Total points line to assess the individual probability of intravesical recurrence for the time frame chosen.
CIS = carcinoma in situ; LND = lymph node dissection.

and 4b). At threshold probabilities of 12%, 15%, and 20%, the
use of the reduced model resulted, respectively, in 5%, 23%,
and 41% net reductions in avoidable treatment. Similarly,
the full model resulted in 13%, 31%, and 46% net reductions,
respectively, for the same threshold probabilities. Table 3
shows the clinical effects of the two nomograms. For
example, with a predicted probability of intravesical
recurrence of 15% at 24 mo, use of the reduced nomogram
could result in 23% fewer treated patients while allowing
an intravesical recurrence rate of 3%. Thus, because MMC
decreases this rate of 11% [6], our nomogram allows an
intravesical rate only 0.3% higher if the probability of 15%
at 24 mo is chosen.
Finally, because previous history of bladder cancer is a
well-known prognostic factor of intravesical recurrence, we
developed a nomogram while excluding these patients
(n = 487) (Supplemental Fig. 1). The discrimination of
this nomogram in the validation cohort was 69.5% (full
model).

4.

Discussion

UTUC is a rare disease and accounts for only 5% of urothelial
carcinomas [16]. The outcomes of patients with UTUC are
heterogeneous and thus are difficult to predict. Given the
low incidence of the disease, data regarding clinicopathologic predictors of outcomes are sparse. Recently, multiinstitutional collaborative studies have identified several
potential outcome predictors following RNU for UTUC [3,4].
Accurate estimation of treatment success, complications,
and long-term morbidity are essential for physicians
and their patients to make informed medical decisions
regarding management of their disease. To this end, we and
others have developed prognostic tools such as nomograms
to obtain the most accurate and reliable predictions of
outcomes [17–21]. These prediction tools can provide
predictions that are both evidence based and individualized. However, to date, these nomograms have been
designed to predict distant or metastatic recurrence and
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Points
Age
Gender
Previous bladder cancer
Location
Stage
Concomitant CIS
LND
Ureteral management
Laparoscopic vs open
Total points

0

10

20

20

30

30

40

40

50

50

60

60

70

80

70

90

80

90

100

100

Male
Female
Yes
No
Ureter
Renal
pT4

pT2
pT0-pTa-pTis-pT1

pT3
Yes

No
pN0
pNx

pN+
Extravesical

Transvesical

Endoscopic
Laparoscopic

Open

0

50

100

150

200

3 mo

250

300

350

1

400

450

5

6 mo
5

1

12 mo
18 mo

5

24 mo
36 mo

10

5

50

20

50

20

10

20

20

10

10

10

50

20

50

60

60

60

60

80
80

80

90

90

Fig. 2 – Nomogram for prediction of intravesical recurrence in patients with upper tract urothelial carcinoma at 3, 6, 12, 18, 24, and 36 mo after radical
nephroureterectomy. Full model based on the variable of the reduced model plus surgical approach and distal ureter management. To obtain the
nomogram-predicted probability of intravesical recurrence, locate patient values on each axis. Draw a vertical line to the Point axis to determine how
many points are attributed for each variable value. Add the points of all variables. Locate the sum on the Total points line to assess the individual
probability of intravesical recurrence for the time frame chosen.
CIS = carcinoma in situ; LND = lymph node dissection.

Table 3 – Net benefit and reduction of avoidable instillations for each model compared with the ‘‘treat all’’ strategy at 24 mo of follow-up
Threshold probability

10%

12%

15%

20%

Treat none, %
Reduced nomogram, %
Full nomogram, %
Treat all, %

0
0.1928
0.1930
0.1935

0
0.1721
0.1726
0.1752

0
0.1516
0.1508
0.1461

0
0.1189
0.1164
0.0927

Threshold probability

10%

12%

15%

20%

1
0.2
<0.1

5
1
0.1

23
3
0.3

41
7
0.7

3
0.5
<0.1

13
1
0.1

31
5
0.5

46
8
0.8

Reduced nomogram
Net reduction in avoidable instillations, %
Patients erroneously not treated, %
Patients erroneously not treated integrating MMC risk reduction, %*
Full nomogram
Net reduction in avoidable instillations, %
Patients erroneously not treated, %
Patients erroneously not treated integrating MMC risk reduction, %*

MMC = mitomycin C.
Patients who will experience intravesical recurrence based on the integration of the absolute risk reduction of 11% in case of intravesical instillation of MMC.

*
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Fig. 3 – Calibration plots at 24-mo follow-up for (a) the reduced model
and (b) the full model. The x-axis represents the predicted probability,
and the y-axis represents the observed fraction of intravesical recurrence
in 578 patients of the validation cohort. The 458 dashed line represents
ideal predictions. The dark line represents the apparent predictions.

cancer-specific mortality after RNU. To our knowledge, no
tool exists to support clinical decision making with regard
to cystoscopic surveillance and post-RNU intravesical MMC
instillation.
We developed nomograms for prediction of intravesical
recurrence after RNU. We found that our nomograms were
well calibrated, with minimal deviation between predicted
and actual outcomes in the validation cohort. In addition to
discrimination, calibration is a key factor for appropriate
patient selection regarding adjuvant therapies. Currently,
despite level 1 evidence [6], only a small minority of
patients with UTUC receives adjuvant instillations of MMC
after RNU, whereas at least 30% will experience intravesical
recurrence >3 yr after RNU [1,2,5]. Use of our accurate,
well-calibrated predictive models will improve clinicians’
abilities to provide evidence-based patient counseling and
may be used to risk-stratify patients for follow-up
scheduling and consideration for adjuvant intravesical
instillations of MMC to prevent intravesical recurrence.
To incorporate all described variables of interest for
prediction of intravesical recurrence after RNU, we proposed
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Fig. 4 – (a) Decision curve analysis of the effect of prediction models for
prevention of intravesical recurrence after radical nephroureterectomy
in 1839 patients with upper tract urothelial carcinoma. Net benefit is
plotted against threshold probabilities. (b) Expanded view of decision
curve analysis in the range of threshold probabilities from 10% to 20%.

two different models. The reduced model is based only on
clinicopathologic features, such as concomitant CIS [22,23].
The full model was designed to incorporate differences
among surgical approaches with regard to either renal
pelvis removal (ie., laparoscopic or open) or distal ureter
management approach (transvesical, extravesical, or
endoscopic). We have shown previously that patients
who underwent an endoscopic distal ureter management
were at higher risk of intravesical recurrence after RNU
compared with those who underwent transvesical or
extravesical approaches [5]. This association was independent of the effects of standard clinicopathologic features
and remained even after exclusion of patients with a past
history of bladder cancer. Although the transvesical
approach has been the standard approach for ensuring
complete bladder cuff excision, several newer techniques
such as transurethral resection of the intramural ureter,
intussusception techniques, and stripping have been
described to simplify resection of the distal ureter. Apart
from ureteral stripping, these novel techniques have been
shown not to be inferior to the transvesical approach, albeit
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the follow-up of these studies was too short to make
definitive conclusions, specifically with regard to intravesical recurrence. Indeed, studies have reported the risk of
tumor recurrence within the residual ureteral stump/
periureteral meatal region in cases of incomplete bladder
cuff removal to be 30–64% [24]. Although recurrence-free
and cancer-specific survival are major end points in
patients treated with RNU for UTUC, intravesical recurrence is a significant yet underevaluated end point to be
considered in decision making regarding the optimal
treatment and follow-up for UTUC patients. Possible causes
for the higher rate of intravesical recurrence in patients
treated with the endoscopic approach include tumor
spillage and/or incomplete tumor removal. The laparoscopic approach was also associated with a higher risk of
intravesical recurrence compared with open RNU. However, most patients who underwent endoscopic distal ureter
management also had concomitant laparoscopic surgery,
perhaps confounding the impact of laparoscopic surgery on
intravesical recurrence. Moreover, several studies reported
no difference in nonbladder recurrence and survival
between laparoscopic and open RNU, provided they
adhered to the same oncologic principles [25–28]. Future
studies must assess the differential effect of minimally
invasive RNU on intravesical recurrence.
To examine the potential clinical impact of using these
nomograms, we performed a decision curve analysis that
estimates the consequences of clinical decisions [13,14]. For
example, the clinical consequences of performing or not
performing a postoperative instillation of MMC after RNU
must weight the morbidity and cost of this therapy with the
risk of allowing intravesical recurrence. The threshold
probability (ie, the probability at which a physician would
opt for the instillation) is informative about how the
physician weighs these relative harms. The use of our
nomograms enabled a net benefit for patients in the range
of clinically relevant threshold probabilities. For example,
if one decided to perform a postoperative instillation if
the risk of intravesical recurrence were 15% at 24 mo,
based on the reduced model, one would spare 23% of the
patients while not preventing only 0.3% of intravesical
recurrences.
The current study suffers from several limitations. First
and foremost are the limitations inherent in the retrospective multicenter study design. We did not perform a
centralized pathologic review, which could have led to
misinterpretations of pathologic specimens and underreporting of features such as concomitant CIS. In addition,
small differences in surgical technique (also related to the
long recruitment period) not captured by our data may have
profound effects on the measured outcomes. Moreover,
differences in the postoperative follow-up of the bladder
between participating centers may have affected the
analyses. Furthermore, we did not control for factors such
as smoking status and cumulative exposure because this
information was not available for all patients. Finally, our
study did not specifically take in account the stage or grade
of the intravesical recurrences.

Conclusions

5.

Intravesical recurrence after RNU is a common event
in patients with UTUC. We developed competing-risk,
conditional probability nomograms that predict intravesical recurrence after RNU with reasonable accuracy. We
internally validated the nomograms in a North American
population and externally validated them in a European
population. Such nomograms may improve the clinical
decision-making process regarding postoperative intravesical instillations of MMC after RNU.
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