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Abstract
Objectives: The benefits of lymph node dissection (LND) in surgically treated upper tract urothelial carcinoma (UTUC) patients who
present with clinically positive nodes at diagnosis remain unclear. The aim of this study was to assess survival differences in cN+ patients
who underwent radical nephroureterectomy (RNU) with LND vs. without LND.
Methods: The National Cancer Database was used to identify a total number of 423 cN+ patients from 2004 to 2016 with UTUC that
underwent RNU. Of the 423 patients, 310 received LND. Kaplan-Meier (KM) plots were used to estimate survival in cN+ patients who
received RNU with LND vs. without. Cox proportional hazards regression tested the impact of LND status on overall survival (OS) after
adjusting for all available covariates.
Results: Median age of the patient population was 68 years (IQR 61−76), and 56.74% were male. Median follow-up was 1.8 years (IQR
0.9−3.5). For the entire cohort, the 2-year OS rate was 51.8%, and it was 52.1% vs. 51.1% in patients who underwent LND vs. not (logrank p-value=0.2). On multivariable analysis, performing LND had no statistically significant impact on OS (HR 0.93 95%CI 0.696−1.235,
P = 0.9). Repeating the analysis in patients who had exclusively cN1 (HR 0.76 95%CI 0.469−1.223, P = 0.26) or cN2/3 (HR 0.844 95%CI
0.556−1.28, P = 0.43) disease also failed to demonstrate a significant impact of LND on survival.
Conclusion: In cN+ patients with UTUC, performing LND in addition to RNU at any clinical stage does not seem to have a significant
impact on OS. Ó 2022 Elsevier Inc. All rights reserved.

Keywords: Bladder cancer; Upper tract urothelial carcinoma; Lymph node dissection; Survival

1. Introduction
Upper tract urothelial cancer (UTUC) is a rare malignancy that represents only about 5% to 10% of urothelial
malignancies [1]. While radical nephroureterectomy (RNU)
is the standard of care for UTUC, patients undergoing RNU
Funding: None; This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-profit sectors.
*Corresponding author. Tel.: +1-313-916-2600; fax: +1-313-916-4352.
E-mail address: fabdoll1@hfhs.org (F. Abdollah).

for treatment of UTUC often have a worse prognosis compared to other urothelial carcinomas of the bladder [2−3].
In parallel with what is usually done when treating muscleinvasive bladder cancer, lymph node dissection (LND) has
been encouraged as a complementary procedure to RNU.
However, the oncological benefit of this procedure
remains debatable. In patients with high-stage tumors
(≥pT2), template-based and complete LND seemed to have
a beneficial impact on survival [4]. While some studies
have suggested that in clinically and pathologically

https://doi.org/10.1016/j.urolonc.2022.04.015
1078-1439/Ó 2022 Elsevier Inc. All rights reserved.
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nodal-negative patients, LND improved survival [5−6], the
role of this procedure in patients clinically nodal-positive
(cN+) disease has been scarcely addressed in literature.
Indeed, virtually all available literature has focused on
patients with Nx or N0 disease, yet many clinically N1
patients today are treated surgically, and they usually end
up receiving LND in an attempt to remove all visible disease. Given the significant morbidity, increased operation
time, and increased cost associated with LND, it is pivotal
to evaluate its impact on survival outcomes, before offering
it to patients. To address this void, the aim of our study was
to test the hypothesis that LND has a beneficial impact on
overall survival (OS) in UTUC patients who present with
clinically N+ disease and are treated surgically.

jointly sponsored by the American College of Surgeons and
the American Cancer Society, representing more than 70%
of newly diagnosed cancer cases nationwide [7].
2.2. Patient population
We focused on patients who received RNU within the
NCDB between the years 2004 and 2016. Inclusion criteria
were as follows: no metastatic disease (n = 57,575), a first cancer diagnosis (n = 36,351), cN+ disease (n = 1,543), treated
with RNU (n = 516), and complete information on LND and
follow-up. This selection criteria yielded a total of 423 patients.
The cohort was subsequently divided into patients that
received LND (n = 310) and those who did not (n = 113). Inclusion/exclusion criteria are summarized in Fig. 1.

2. Materials and methods
2.1. Data collection

2.3. Covariates

Our data originated from the National Cancer database
(NCDB). The NCDB is an oncological database that is

For all patients, the following demographic data were
extracted: age (in years), race (white, black, other),

Fig. 1. Flowchart depicting selection process for patients with cN+ upper tract urothelial carcinoma who received radical nephroureterectomy (RNU) with or
without lymph node dissection (LND).
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Charlson-Deyo Comorbidity index (0, 1, 2+), sex, county
(metro, urban, rural), education (% of zip code without high
school diploma in quartiles), income (annual salary in USD
in quartiles), facility type (community cancer program,
comprehensive community center program, academic/
research program, integrated network cancer program),
facility location (Northeast, Midwest, South, West), and
insurance status (not insured/other gov, private insurance/
managed care, Medicaid, Medicare). Clinical data included:
site of UTUC (kidney, ureter), clinical N stage (cN1, cN2,
cN3), clinical T stage (cT0/cT1, cT2, cT3, cT4, cTx), pathological N stage (pN0, pN1, pN2/3, pNx), chemotherapy
use (neoadjuvant, adjuvant, neoadjuvant and adjuvant), and
number of nodes examined. Our main variable of interest
was LND status, defined as the surgical removal of lymph
nodes vs. not. Grade was not considered as a variable
because all patients in our final cohort harbored high-grade
disease.

2.4. Endpoint
Our main endpoint was to assess overall survival
(OS), calculated as the time from diagnosis with UTUC
until death of any cause or last follow-up reported in
the NCDB.

2.5. Statistical analysis
Descriptive data were reported as frequencies and
percentages for categorical variables, while continuous
variables were reported as a median with its corresponding interquartile range. Chi-square test was used
to compare categorical variables between the 2 groups,
and a student’s t-test was used to compare continuous
variables. Due to the small sample size of cN3 patients
and recent clinical staging guidelines eliminating a cN3
category, cN2 and cN3 were combined into 1 group for
statistical analyses (cN2/3). Kaplan-Meier plots were
used to estimate the survival rates for the entire cohort,
as were for the subcohorts of cN1 patients and cN2/3
patients. Log-rank test was used to compare survivorship between LND vs. no LND for each KM plot.
Additionally, Cox regression proportional hazards
model was used to test the impact of LND on OS after
adjusting for all available covariates. The regression
analysis was then repeated separately for cN1 patients,
cN2/3 patients. As a sensitivity analysis, we repeated
the aforementioned Cox regression focusing only on
patients who had confirmed positive lymph nodes on
pathology (pN+, or the LND arm) vs. patients who did
not have LND (pNx patients). SAS (SAS Institute Inc.)
was used for all analyses, with a P-value < 0.05
considered significant.

3

3. Results
3.1. Baseline characteristics
Descriptive variables of our cohort are summarized in
Table 1. The majority of our patients were male (56.74%)
and white (89.83%). The most common site of UTUC was
the kidney (71.39%), while the most common stage was
cT3 (39%). Of the 423 total cN+ patients, 213 (50.35%)
were cN1, 197 (46.5%) were cN2, and 13 (3.07%) were
cN3. On pathological exam, lymph node status was classified as pN0, pN+, pNx and missing in 71 (16.78%), 233
(55.10%), 108 (25.53%), and 11 (2.60%) patients, respectively. Furthermore, 84 patients (19.86%) received neoadjuvant chemotherapy, 154 patients (36.41%) received
adjuvant chemotherapy, and 10 patients (2.36%) received
both neoadjuvant and adjuvant chemotherapy. There were
no significant differences in chemotherapy use (P = 0.76),
tumor stage (P = 0.8) or clinical nodal staging (P = 0.4) in
patients that received LND vs. those who did not. Other
than the number of nodes removed and pathological node
status, there were no significant differences between the
group that received LND vs. not for all available covariates.
Overall, 310 patients (73.3%) received LND, and 113
(26.7%) did not.
3.2. Survival outcomes
Median follow up time for all patients was 1.8 years
(IQR 0.9−3.5), while the median age was 68 years (IQR 61
−76). Kaplan Meier curves (Figs. 2−4) showed that the 2year OS rate was 51.8%, and it was 52.1% vs. 51.1% in
patients who underwent LND vs. not (log-rank Pvalue = 0.2). Additionally, the overall 5-year OS was
27.47%, and it was 28.2% vs. 24.8% for patients receiving
LND vs. not (log-rank P-value = 0.2). When patients were
stratified by nodal stage, the 2-year OS for cN1 patients that
received LND was 57.9% (95%CI 49.7%−57.6%) compared to 62.9% (95%CI 47.6%−74.8%) in patients who did
not receive LND (P-value = 0.7). For cN2/3 patients, the 2year OS was 45.8% (95%CI 37.4%−53.9%) for patients
who received LND, vs. 41.6% (95%CI 29.0%−53.7%) for
those who did not (log-rank P-value = 0.2).
3.3. Multivariable cox regression analysis
After adjusting for all available covariates, LND was not
an independent predictor of OS on multivariable analysis
(HR 0.93 95%CI 0.696−1.235, P = 0.9). This also held true
when focusing exclusively on cN1 (HR 0.76 95%CI 0.469
−1.223, P = 0.26) patients, or cN2/3 (HR 0.844 95%CI
0.556−1.28, P = 0.43) patients. Cox regression for all cN+
patients showed that increasing age (HR 1.030,
P = 0.0007), cN2 (HR 1.46, P = 0.0069), and cT4 (HR 1.80,
P = 0.024) were independent predictors of less favorable
OS, while adjuvant chemotherapy was associated more
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Table 1
Baseline characteristics of 423 UTUC patients who received RNU § LND from the years 2004−2016 within the National Cancer Database.
Treatment modality
Characteristics

Overall

No LND

LND

P-Value

Age, yr median (IQR)
Number of regional nodes examined
RNU
Charlson-Deyo Comorbidity Index, n (%)
0
1
2+
Race, n (%)
White
Black
Other
Unknown
Sex, n (%)
Male
Female
Clinical N stage, n (%)
cN1
cN2
cN3
Clinical T stage, n (%)
cT0/cT1
cT2
cT3
cT4
cTx
Unknown
Pathological N stage, n (%)
pN0
pN1
pN2/3
pNx
Unknown
Chemotherapy, n (%)
Nonsystemic
Neoadjuvant
Adjuvant
Neoadjuvant and Adjuvant
Unknown
UTUC Site, n (%)
Ureter
Kidney
County, n (%)
Metro
Urban
Rural
Unknown
Percent of ZIP code without HS diploma, n (%)
>=21%
13%−20.9%
7%−12.9%
<7%
Unknown
Facility type, n (%)
Community cancer program
Comprehensive community cancer program
Academic/research program
Integrated network cancer program
Unknown
Facility location, n (%)

68 (61−76)
2 (0−6)
423 (100%)

70 (63−77)
0 (0−0)
113 (100%)

67 (60−75)
3 (1−8)
310 (100%)

0.13
<0.0001
0.56

283 (66.9%)
105 (24.82%)
35 (8.27%)

71 (62.83%)
32 (28.32%)
10 (8.85%)

212 (68.39%)
73 (23.55%)
25 (8.06%)

380 (89.83%)
23 (5.44%)
17 (4.02%)
3 (0.71%)

104 (92.04%)
4 (3.54%)
3 (2.65%)
2 (1.77%)

276 (89.03%)
19 (6.13%)
14 (4.52%)
1 (0.32%)

240 (56.74%)
183 (43.26%)

68 (60.18%)
45 (39.82%)

172 (55.48%)
138 (44.52%)

213 (50.35%)
197 (46.57%)
13 (3.07%)

52 (46.02%)
56 (49.56%)
5 (4.42%)

161 (51.94%)
141 (45.48%)
8 (2.58%)

54 (12.77%)
39 (9.22%)
165 (39.01%)
57 (13.48%)
100 (23.64%)
8 (1.89%)

17 (15.04%)
9 (7.96%)
44 (38.94%)
17 (15.04%)
25 (22.12%)
1 (0.88%)

37 (11.94%)
30 (9.68%)
121 (39.03%)
40 (12.9%)
75 (24.19%)
7 (2.26%)

71 (16.78%)
100 (23.64%)
133 (31.44%)
108 (25.53%)
11 (2.60%)

0 (0.00%)
0 (0.00%)
0 (0.00%)
108 (95.58%)
5 (4.42%)

71 (22.90%)
100 (31.26%)
133 (42.90%)
0 (0%)
6 (1.94%)

154 (36.41%)
84 (19.86)
154 (36.41%)
10 (2.36%)
21 (4.96%)

43 (38.05%)
18 (15.93%)
42 (37.17%)
3 (2.65%)
7 (6.19%)

111 (35.81%)
66 (21.29%)
112 (36.13%)
7 (2.26%)
14 (4.52%)

121 (28.61%)
302 (71.39%)

35 (30.97%)
78 (69.03%)

86 (27.74%)
224 (72.26%)

340 (80.38%)
66 (15.6%)
11 (2.6%)
6 (1.42%)

91 (80.53%)
18 (15.93%)
3 (2.65%)
1 (0.88%)

249 (80.32%)
48 (15.48%)
8 (2.58%)
5 (1.61%)

58 (13.71%)
100 (23.64%)
151 (35.7%)
107 (25.3%)
7 (1.65%)

22 (19.47%)
23 (20.35%)
39 (34.51%)
28 (24.78%)
1 (0.88%)

36 (11.61%)
77 (24.84%)
112 (36.13%)
79 (25.48%)
6 (1.94%)

25 (5.91%)
169 (39.95%)
170 (40.19%)
52 (12.29%)
7 (1.65%)

10 (8.85%)
47 (41.59%)
36 (31.86%)
19 (16.81%)
1 (0.88%)

15 (4.84%)
122 (39.35%)
134 (43.23%)
33 (10.65%)
6 (1.94%)

0.40

0.39

0.41

0.86

<0.001

0.76

0.52

0.99

0.21

0.057

0.17
(continued)
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Table 1 (Continued)
Treatment modality
Characteristics

Overall

No LND

LND

Northeast
South Atlantic
Midwest
West
Unknown
Income, n (%)
< $38,000
$38,000−$47,999
$48,000−$62,999
>=$63,000
Unknown
Insurance status, n (%)
Not insured/other Gov
Private insurance/managed Care
Medicaid
Medicare
Unknown

100 (23.64%)
126 (29.79%)
136 (32.15%)
54 (12.77%)
7 (1.65%)

31 (27.43%)
38 (33.63%)
34 (30.09%)
9 (7.96%)
1 (0.88%)

69 (22.26%)
88 (28.39%)
102 (32.90%)
45 (14.52%)
6 (1.94%)

62 (14.66%)
89 (21.04%)
134 (31.68%)
131 (30.97%)
7 (1.65%)

19 (16.81%)
22 (19.47%)
36 (31.86%)
35 (30.97%)
1 (0.88%)

43 (13.87%)
67 (21.61%)
98 (31.61%)
96 (30.97%)
6 (1.94%)

10 (2.36%)
144 (34.04%)
17 (4.02%)
248 (58.63%)
4 (0.95%)

5 (4.42%)
33 (29.2%)
6 (5.31%)
68 (60.18%)
1 (0.88%)

5 (1.61%)
111 (35.81%)
11 (3.55%)
180 (58.06%)
3 (0.97%)

P-Value

0.88

0.19

UTUC = Upper tract urothelial carcinoma; RNU = Radical nephroureterectomy; LND = Lymph node dissection; NCDB = National Cancer Database;
SD = Standard deviation; ZIP = Zone improvement plan; HS = High school, Gov = Government.

favorable OS in all cN+ patients (HR 0.623, P = 0.0036)
and cN1 patients (HR 0.470, P = 0.02).
In our sensitivity analysis focusing on pN+ patient and
pNx patients, LND was not an independent predictor of OS
(HR 0.72 95%CI 0.391−1.318, P = 0.28).
4. Discussion
Current guidelines recommend LND as an integrated
part of RNU in treating patients with cN+ UTUC [2]. However, there is a scarcity of data to support such a recommendation. On the contrary, LND failed to demonstrate any
survival benefit in patients with pN+ [8]. However, the
pathological status of nodal disease is verifiable only postoperatively, and cannot be used in the preoperative setting
to inform decision making. It is noteworthy that LND can
cause significant morbidity and add additional operation
time and cost to RNU. Thus, it is essential to tailor it to the
right patients in order to avoid unnecessary procedures. In
an effort to achieve that and to address the lack of data, we
tested the hypothesis that LND has a beneficial impact on
OS in cN+ UTUC patients treated with RNU.
Our findings were several-fold. First, we found that in
our cohort of cN+ UTUC patients, there were no statistically significant differences in the demographic and clinical
features between patients who received LND vs. not. This
indicates that other factors such as physician and/or patient
preferences have guided this treatment decision. That said,
the majority (73%) of our patients received LND. Second,
we observed that in this homogenous group of individuals,
LND failed to demonstrate a statistically significant and/or
clinically meaningful impact on OS. Unfortunately, the

survival outcomes of the cN+ patients in our cohort were
generally poor, with roughly 1 in each 4 patients still alive
at 5-year, regardless of the LND status. On the other hand,
advanced age, and/or disease stage were the main predictors
of worse OS on multivariable analysis. Finally, the lack of
impact of LND on OS was invariable whether the patients
harbored cN1 disease, or cN2/3. This indicates that the lack
of relationship observed between LND status and OS is not
conditioned by nodal disease extent. Of note, our sensitivity
analysis showed no significant change in results when
patients with pN0 disease were excluded.
Taken together, our findings indicate that the vast majority of cN+ UTUC patients who undergo RNU are also
receiving LND. However, the latter has no significant
impact on these patients’ survival. This might imply that
cN+ UTUC is a systemic disease, which cannot be controlled by removing the local nodes. Moreover, it suggests
that the role of LND may be prognostic rather than therapeutic in these patients. However, previous reports suggest
that LND may increase risk of postoperative complications.
For example, Pearce et al. found that in a cohort from the
National Inpatient Sample consisting of 16,619 patients
(15% of whom received LND), LND performed at the time
of RNU was associated with increased risk of complications
(P = 0.049) [9]. Given the increased morbidity, operation
time, and cost that are associated with LND, our findings
should be considered and discussed with patients preoperatively to achieve an informed decision.
To the best of our knowledge, we are the first group to
examine the impact of LND on OS in cN+ UTUC patients.
That said, our results seem to corroborate expert opinions
from previous reports. For example, a review by Roscigno
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Table 2
Multivariable Cox regression predicting mortality for 423 cN+ UTUC patients who underwent RNU from 2004 to 2016 in the National Cancer Database.
Analysis of maximum likelihood estimates
All patients (n = 423)

cN1 (n = 213)

cN2/3 (n = 210)

Parameter

Hazard ratio (95% CI)

P-value

Hazard ratio (95% CI)

P-value

Hazard ratio (95% CI)

P-value

Age at diagnosis (y)
LND status
No LND
LND
Sex
Male
Female
Race
White
Black
Other
UTUC Site
Ureter
Kidney
Clinical N stage
cN1
cN2
cN3
Clinical T Stage
cT0/cT1
cT2
cT3
cT4
cTx
Chemotherapy
Nonsystemic
Neoadjuvant
Adjuvant
Neoadjuvant and adjuvant
Unknown
Charlson-Deyo Comorbidity Index
0
1
2+
Insurance type
Not insured/other Gov
Private insurance/managed care
Medicaid
Medicare
Income
< $38,000
$38,000−$47,999
$48,000−$62,999
>=$63,000
Percent of ZIP code without HS diploma
>=21%
13%−20.9%
7%−12.9%
<7%
County
Metro
Urban
Rural
Facility type
Community cancer program
Comprehensive community cancer program
Academic/research program

1.030 (1.012−1.047)

0.0007

1.032 (1.006−1.059)

0.0149

1.044 (1.015−1.074)

0.0026

1.00 (Reference)
0.927 (0.696−1.235)

0.93

1.00 (Reference)
0.757 (0.469−1.223)

0.26

1.00 (Reference)
0.844 (0.556−1.28)

0.43

1.00 (Reference)
1.006 (0.768−1.319)

0.96

1.00 (Reference)
0.785 (0.506−1.217)

0.28

1.00 (Reference)
1.246 (0.835−1.858)

0.28

1.00 (Reference)
0.622 (0.309−1.252)
0.717 (0.347−1.482)

0.18
0.37

1.00 (Reference)
0.343 (0.106−1.115)
2.109 (0.625−7.120)

0.07
0.229

1.00 (Reference)
0.581 (0.220−1.535)
0.625 (0.245−1.595)

0.27
0.33

1.00 (Reference)
0.779 (0.585−1.037)

0.087

1.00 (Reference)
0.795 (0.510−1.238)

0.31

1.00 (Reference)
0.768 (0.488−1.207)

0.25

1.00 (Reference)
1.460 (1.09−1.922)
1.610 (0.808−3.205)

0.0069
0.18

1.00 (Reference)
0.781 (0.424−1.438)
1.404 (0.891−2.213)
1.80 (1.082−2.992)
1.314 (0.815−2.118)

0.43
0.14
0.024
0.26

1.00 (Reference)
0.792 (0.304−2.068)
1.608 (0.754−3.430)
1.808 (0.786−4.160)
0.993 (0.483−2.041)

0.64
0.22
0.16
0.98

1.00 (Reference)
1.112 (0.426−2.904)
1.313 (0.663−2.600)
1.948 (0.910−4.170)
1.752 (0.801−3.834)

0.83
0.43
0.086
0.16

1.00 (Reference)
0.701 (0.463−1.062)
0.623 (0.453−0.857)
0.550 (0.213-1.419)
1.307 (0.696−2.455)

0.09
0.0036
0.22
0.40

1.00 (Reference)
0.816 (0.412−1.617)
0.470 (0.291−0.759)
0.776 (0.250-2.413)
2.081 (0.622−6.961)

0.56
0.02
0.66
0.23

1.00 (Reference)
0.598 (0.326−1.097)
0.796 (0.488−1.298)
0.391 (0.048−3.164)
0.759 (0.323−1.786)

0.097
0.36
0.38
0.53

1.00 (Reference)
0.895 (0.661−1.213)
1.506 (0.946−2.397)

0.47
0.084

1.00 (Reference)
0.524 (0.309−0.886)
1.530 (0.746−3.141)

0.0158
0.25

1.00 (Reference)
1.153 (0.742−1.792)
2.006 (0.985−4.086)

0.53
0.055

1.00 (Reference)
0.603 (0.256−1.418)
1.429 (0.483−4.234)
0.666 (0.289−1.539)

0.25
0.52
0.34

1.00 (Reference)
0.439 (0.153−1.260)
1.272 (0.302−5.350)
0.563 (0.195−1.622)

0.13
0.74
0.29

1.00 (Reference)
1.541 (0.153−15.482)
2.854 (0.241−33.786)
1.188 (0.127−11.130)

0.71
0.41
0.88

1.00 (Reference)
1.240 (0.781−1.968)
1.170 (0.640−1.697)
0.773 (0.433−1.383)

0.36
0.87
0.39

1.00 (Reference)
1.114 (0.532−2.331)
1.680 (0.802−3.517)
0.788 (0.335−1.854)

0.78
0.17
0.59

1.00 (Reference)
0.778 (0.375−1.616)
0.533 (0.238−1.197)
0.374 (0.151−0.922)

0.50
0.12
0.03

1.00 (Reference)
0.681 (0.441-1.051)
0.790 (0.498−1.252)
1.076 (0.619−1.869)

0.08
0.32
0.79

1.00 (Reference)
1.120 (0.569-2.201)
0.974 (0.593−2.081)
1.399 (0.593−3.300)

0.74
0.95
0.44

1.00 (Reference)
0.415 (0.208−0.828)
0.832 (0.426−1.625)
1.163 (0.514−2.631)

0.01
0.59
0.72

1.00 (Reference)
0.927 (0.641−1.341)
0.812 (0.389−1.689)

0.69
0.58

1.00 (Reference)
0.726 (0.395−1.335)
0.568 (0.148−2.181)

0.30
0.57

1.00 (Reference)
0.905 (0.502−1.628)
0.843 (0.287−2.478)

0.74
0.76

1.00 (Reference)
0.819 (0.482−1.390)
0.617 (0.356−1.069)

0.46
0.085

1.00 (Reference)
1.262 (0.524−3.038)
1.073 (0.416−2.763)

0.60
0.88

1.00 (Reference)
0.683 (0.316−1.477)
0.438 (0.198−0.967)

0.33
0.04
(continued)
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Table 2 (Continued)
Analysis of maximum likelihood estimates
All patients (n = 423)

cN1 (n = 213)

cN2/3 (n = 210)

Parameter

Hazard ratio (95% CI)

P-value

Hazard ratio (95% CI)

P-value

Hazard ratio (95% CI)

P-value

Integrated network cancer program
Facility location
North East
South
Midwest
West
Year of diagnosis
2013−2016
2004−2008
2009−2012

0.840 (0.458−1.541)

0.57

1.722 (0.626−4.735)

0.29

0.523 (0.214−1.282)

0.16

1.00 (Reference)
1.067 (0.731−1.557)
1.219 (0.849−1.749)
0.993 (0.640−1.542)

0.74
.28
0.98

1.00 (Reference)
1.411 (0.791−2.515)
2.280 (1.250−4.161)
0.713 (0.340−1.496)

0.24
0.007
0.37

1.00 (Reference)
1.070 (0.595−1.924)
0.830 (0.501−1.375)
1.357 (0.767−2.401)

0.82
0.47
0.29

1.00 (Reference)
0.731 (0.480−1.113)
0.745 (0.554−1.002)

0.14
0.051

1.00 (Reference)
0.737 (0.354−1.534)
0.886 (0.541−1.450)

0.41
0.63

1.00 (Reference)
0.779 (0.421−1.442)
0.711 (0.457−1.107)

0.43
0.13

UTUC = upper tract urothelial carcinoma; RNU = radical nephroureterectomy; LND = lymph node dissection; CI = confidence interval; ZIP = zone
improvement plan; HS = high school; Gov = government.

et al. suggested that all high-risk patients undergoing RNU
should receive LND for improved disease staging, despite
the controversy regarding its survival benefit [10]. Likewise, in a single institution study of 252 patients, Secin et
al. found a 56% 5-year CSS in pN0 patients, compared to
73% for pNx and 0% for pN+. However, there was no significant difference in pN0 vs. pNx, and the authors

concluded that LND instead plays an important role in
prognosis [11]. Abe et al. similarly concluded in their multicenter study of 312 patients that because nodal positive disease worsens survival, LND is an important step in
postoperative guidance for patients [12].
Our findings should be interpreted with some considerations. First, the lack of standardized selection criteria for

Fig. 2. Kaplan-Meier analysis comparing overall survival in all cN+ upper tract urothelial cancer (UTUC) patients who received LND, vs. those who did not.
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Fig. 3. Kaplan-Meier analysis comparing overall survival in cN1 UTUC patients who received LND, vs. those who did not.

Fig. 4. Kaplan-Meier analysis comparing overall survival in cN2/3 UTUC patients who received LND, vs. those who did not.
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performing lymph node dissection is unclear, which makes
it difficult to interpret the survival benefits of LND. However, all of our patients received RNU, and were thus presumed to be good candidates for surgery. Additionally,
anatomical templates are not available in the NCDB,
though we used the number of nodes removed as a proxy.
Lastly, like all retrospective studies, our study is subject to
selection biases. Despite this, our study has the largest sample size available on the subject, and a randomized controlled trial is unlikely due to the rarity of cN+ UTUC
disease.

5. Conclusions
Our study fails to observe a significant impact of LND
on OS for cN+ patients that received RNU for the treatment
of UTUC. While our findings do not support a therapeutic
benefit of LND, there may be an important prognostic value
to performing LND at the time of RNU. Further considerations and studies are needed to confirm the role of LND in
cN+ patients.
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