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Abstract

Purpose While radical nephroureterectomy (RNU) is the gold standard treatment for upper tract urothelial carcinoma
(UTUC), select patients may benefit from endoscopic treatment (ET). European Association of Urology guidelines recom-
mend ET for patients with low-risk (LR) disease: unifocal, <2 cm, low-grade lesions without local invasion. To inform the
utility of ET, we compare the overall survival (OS) of patients receiving ET and RNU using current and previous guidelines
of LR disease.

Materials and methods Patients with non-metastatic, cT1 or less UTUC diagnosed in 2004-2012 were collected from the
National Cancer Database. OS was analyzed with inverse probability of treatment weighted Cox proportional hazard regres-
sion. Analyses were conducted for LR disease under updated (size <2 cm) and previous guidelines (size < 1 cm).

Results Patients who were older, healthier, and treated at an academic facility had higher odds of receiving ET. In 851
identified patients with LR disease, RNU was associated with increased OS compared with ET (p =0.006); however, there
was no difference between ET and RNU (p=0.79, n=202) under the previous guidelines (size < 1 cm). In, otherwise, LR
patients, the largest tumor size with no difference between ET and RNU was <1.5 cm (p=0.07).

Conclusions RNU is associated with improved survival when compared with ET in the management of LR UTUC using
current guidelines with a size threshold of <2 cm. In appropriately selected LR patients, we find no difference between
RNU and ET up to a tumor size of < 1.5 cm. However, in the absence of prospective studies, the usage of ET is best left up
to clinician discretion.
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the urinary bladder [1, 2]. While radical nephroureterec-
tomy (RNU) with bladder cuff excision is the gold standard
treatment for UTUC, kidney-preserving approaches, such
as endoscopic treatment (ET), can also be used in selected
patients with low-risk disease [3, 4]. ET is useful in patients
who are poor candidates for surgery, such as the elderly,
those with significant comorbidity, or those with compro-
mised renal function.

Current European Association of Urology (EAU) guide-
lines recommend ET, including endoscopic laser ablation,
with close follow-up as first-line treatment in patients with
low-risk (LR) disease: a unifocal, small (<2 cm), histologi-
cally low-grade (LG) tumor with no evidence of invasion on
imaging [5]. These 2017 guidelines represent a change from
the previous EAU guidelines, where tumor size was limited
to< 1 cm [4]. For high-risk tumors or recurrence following
ET, RNU is the recommended definitive treatment option
and can be approached open, laparoscopically, or robotically.

Studies comparing RNU with ET have shown a benefit
of RNU over ET, even in moderate or LG disease. Single-
institution studies have shown improvements in recurrence-
free survival (RFS) in patients receiving RNU compared
with ET [3]. Similarly, matched retrospective analysis using
Surveillance, Epidemiology, and End Results (SEER)-Medi-
care data have shown a consistent association with improved
overall survival (OS) among patients undergoing RNU com-
pared with ET, while results regarding cancer-specific sur-
vival (CSS) have been mixed [6, 7].

No studies have fully investigated the outcomes for ET
and RNU in guideline-defined LR UTUC. Similarly, no stud-
ies have described which patients are more likely to receive
ET compared to RNU. A better understanding of which
patients may benefit from ET instead of RNU may lead to
better protection of renal function and possibly reduce the
number of UTUC patients eventually needing dialysis.

In our analysis, we aim to compare the impact of RNU
and ET on survival in guideline-defined LR disease using a
large national database. We also analyze utilization patterns
of RNU and ET based on disease and patient characteristics.
We hypothesize that ET and RNU will have similar overall
survival in LR disease under current EAU guidelines.

Data and methods
Data source

The National Cancer Database (NCDB) is an ongoing hos-
pital registry-based database compiled from more than 1500
Commission on Cancer accredited centers and is sponsored
jointly by the American College of Surgeons and the Ameri-
can Cancer Society. The NCDB captures more than 70% of
newly diagnosed cancers in the United States and represents
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more than 34 million historical records beginning in 2004
and updated with new diagnoses annually [8].

Study population

Patients with a primary diagnosis of UTUC were identi-
fied in the NCDB database (site code C659 for ureter and
C659 for renal pelvis) who were diagnosed between 2004
and 2012, with outcome information available through 2014.
Only those patients with histologically confirmed urothe-
lial cell carcinoma (codes 8120 and 8130) were included.
Patients who received more than one endoscopic or surgical
treatment greater than 90 days apart were excluded as no
data is available in the NCDB on prior treatments; proce-
dures within 90 days may include biopsy to inform diagno-
sis and are less likely to indicate treatment failure. Patients
with metastatic disease at presentation, missing histological
grade, or clinical stage T2 on diagnosis were excluded. ET
was limited to local tumor destruction or excision: either
photodynamic therapy, electrocautery, cryosurgery, laser
ablation or excision, thermal ablation, polypectomy, or exci-
sional biopsy (codes 10-15, 20-27). RNU was limited to
nephroureterectomy including bladder cuff (code 40). Other
surgical interventions such as partial nephrectomy or ureter-
ectomy were excluded from analysis of treatment outcomes
(Fig. 1). Further refinements were made for the compara-
tive and OS analysis for guideline-defined LR patients: only
patients with tumors <2 cm, LG histology, and clinically
stage 1 or less were included [5].

Study variables

Our independent variable of interest was treatment type (ET
or RNU). Other covariates included patient-specific demo-
graphics, such as age, gender, race, Charlson—Deyo comor-
bidity (CDC) score [9], insurance status, academic/research
treatment facility, ZIP code income quartile, ZIP code per-
cent without high school diploma quartile, and urban/rural
residence status. Pathologic characteristics included tumor
grade as defined by ICD-O-3 code (LG defined as grade I or
II, HG as grade III or IV), tumor size (categorized as <3 cm,
>3 cm, unknown), and clinical stage (composite <1, 1,
unknown). Our dependent variable and primary outcome
was OS.

Statistical methods

First, we performed binomial regression to evaluate trends
in endoscopic interventions versus all other surgical pro-
cedures over time by tumor location: ureter vs renal pel-
vis. Next, we compared characteristics of patients receiv-
ing RNU versus ET using a multivariable binomial model.
Variables included in this model demonstrated a statistically
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Fig.1 Study population
extracted from NCDB patients
with reported tumors of the
ureter or renal pelvis. Blue indi-
cates patients meeting survival
analysis criteria

43,036 NCDB Pts between
2004 & 2012 with tumor in
renal pelvis or ureter

1,824 non-urothelial / mixed

2,735 with mets at dx

525 both non-urothelial with
> mets

4,637 missing grade

167 missing histo or mets
5,792 additional cT2+

52 Tx missing 52 Tx missing
845 No tx X X 765 No tx

434 Multiple tx  fe—___| 12,160 Low 15,196 High | » 503 Multiple tx
170 Num tx Grade tumors Grade tumors 267 Num tx

miSSi%\

3,013 Other
Surg (28.3%)

5,550 RNU
(52.1%)

2,096 Endo
(19.7%)

874 Endo
(6.4%)

8,263 RNU
(60.7%)

4,472 Other
Surg (32.9%)

significant difference between treatment groups in a univari-
ate Chi-squared analysis. Next, we evaluated the difference
in OS in patients receiving primary ET compared with RNU
for different subsets of patients. To balance pre-treatment
confounders, we used an inverse probability of treatment
weighted (IPTW) approach [10]. This method is useful
for adjusting for measured bias between groups; however,
this approach does not account for unmeasured confound-
ers that may affect treatment selection. First, we estimated
propensity scores predicting type of treatment received (ET
or RNU). Categorical variables with missing data were
included as a unique factor level. Next, standardized IPTW
scores were calculated based on the propensity scores and
then truncated to the 1st and 99th percentiles to reduce bias
[11, 12]. Weights were standardized using mean probabil-
ity of receiving ET or RNU in the numerator of the IPTW
calculation. Weighted Cox proportional hazard models were
used to estimate hazard ratios for OS for patients receiving
ET vs RNU. Weighted Kaplan—Meier curves were used to
estimate median and 5 year OS. Bonferroni correction was
used to adjust for repeated testing. Analysis was carried out
in R version 3.3.1 [13].

Results
Trends in usage of endoscopic interventions

Of the 43,036 patients in the NCDB with tumors of the ure-
ter and renal pelvis between 2004 and 2012, a total of 24,268
met inclusion criteria for this portion of the analysis (Fig. 1).
There has been a small but gradual increase in the propor-
tion of patients receiving definitive ET between 2004 and
2012. In 2004, 6.0% of pelvis tumor treatments were ET

compared with 10.5% in 2012 (trend p <0.001). For tumors
of the ureter, 16.8% were treated with ET in 2004 compared
to 19.7% in 2012 (trend p < 0.001).

ET has been used occasionally to treat patients with HG
UTUC. In 2012, 7.6% of treated patients with HG UTUC
received ET: 5.2% patients with tumors of the pelvis com-
pared with 11.2% of patients with tumors of the ureter
(Fig. 2).

Differences between patients receiving ET
versus RNU

Between 2004 and 2012, 16,783 patients meet inclusion
criteria for this portion of analysis, 2970 (17.7%) received
ET, and 13,813 (82.3%) underwent RNU (Fig. 1). Patients
receiving ET differed systematically from those receiving
RNU on univariate analysis (Table 1). Regarding tumor
location, 61% of ET patients had tumors of the ureter com-
pared with 35.2% of RNU patients. ET patients were more
likely to have LG tumors, have lower stage tumors, and
have smaller tumors or tumors missing size information. ET
patients were also more likely to be male, have lower CDC
score, older age, and have Medicaid as a form of insurance.
Finally, a higher fraction of patients receiving ET lived in
wealthier areas, urban areas, and received treatment at an
academic institution.

On multivariable analysis, tumor characteristics were
strong predictors of the type of treatment received: LG,
lower stage, and small or unknown size tumors were associ-
ated with receiving ET compared with RNU (Table 2). Older
age, lower CDC score, and receiving care at an academic
facility were independently associated with a higher likeli-
hood of receiving ET versus RNU. Male patients were also
more likely to receive ET compared with female patients.
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Fig.2 Number of patients with UTUC treated by year and tumor location. Orange line indicates the fraction of these primary treatments that are

endoscopic

IPTW analysis of OS in low-risk UTUC

Using current guidelines, we identified 851 patients meeting
criteria for LR UTUC tumors under updated 2017 guide-
lines: tumor size <2 cm, LG, clinical stage I or less. Of these
patients, 323 (38%) received ET and 527 (62%) received
RNU. ET was associated with worse survival compared with
RNU (HR 1.43, CI 1.11-1.85, p=0.006; 5 year OS 75.2%
for RNU and 69.3% for ET; median OS of 116 months for
RNU, 101 months for ET). Analysis stratified by age group
also showed a significantly lower HR for ET in patients < 65
and >80 (Fig. 3).

Using the previous 2015 guidelines for LR tumors
(size <1 cm), 202 patients were identified, 104 (51%) who
received ET, and 98 (49%) received RNU. There was no sig-
nificant difference between ET and RNU in terms of OS in
this cohort (HR 1.08, CI 0.63-1.82, p=0.79; 5 year OS
73.7% for RNU and 69.2% for ET; median OS of 116 months
for RNU, > 140 months for ET). Analysis stratified by age
group also showed no significant differences between ET
and RNU (Fig. 4).

To find the largest tumor size associated with no dif-
ference in OS between ET and RNU, repeated IPTW HR
models were built for LR patients with tumor size <1.0 cm
and increasing iteratively by 0.1 cm until the difference
was significant, using Bonferroni correction to adjust for
repeated testing. The largest tumor size with no associated
difference between ET and RNU was size < 1.5 cm (adjusted
p=0.07). RNU was associated with better survival than ET
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in LR patients when tumors sized > 1.6 cm were included in
analysis (adjusted p=0.01).

Discussion

While urothelial carcinoma of the upper urinary tract is a
rare malignancy, it is one that disproportionately affects
elderly patients who often suffer from significant comorbidi-
ties. As such, minimally invasive treatment options, such as
ET, are an important tool in the armamentarium of the urolo-
gist treating this disease. In our current study, we evaluated
the differences in OS between treatment types (ET versus
RNU) in patients with LR disease to understand the impact
of recent changes to guidelines for management. Our study
has three important findings. First, ET is increasing in use
compared with other surgical treatments of UTUC, though it
remains used in a small minority of cases. Second, compared
with patients receiving RNU, those treated with ET were
more likely to be older, have fewer comorbidities, and are
treated at an academic institution. Finally, we found ET to
be associated with worse survival when compared with RNU
in selected LR patients based on recently updated guide-
line recommendations; however, survival was not different
between the treatment modalities when the previous, more
conservative, guidelines were used to select LR patients.
The small but statistically significant increases in usage
of ET likely corresponds to improvements in endoscopic
optics and ablative technologies that allow the urologist the
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Table 1 Study population characteristics by treatment recieved

Table 1 (continued)

Variable Treatment P value Variable Treatment P value
Radical nephroure-  Endoscopic Radical nephroure-  Endoscopic
terectomy terectomy
Number Percentage Number Percentage Number Percentage Number Percentage
Total 13,813 823 2970 17.7 Education
Tumor characteristics 21%+no 1788 129 354 11.9 0.48
Location HS
Pelvis 8945 648 1159 390 <0.001 13-21% 3409 247 739 249
Ureter 4368 352 1811 610 no HS
7-13%no 4783 34.6 1028 34.6
Grade HS
High 8263  59.8 874 294 <0.001 <7% no 3602 261 794 267
Low 5550  40.2 2096 70.6 HS
Clin stage Missing 231 1.7 55 1.9
<1 3465  25.1 1636 55.1 <0.001 Rural/Urban
1 2601 18.8 551 18.6 Rural 2324 16.8 451 152 0.03
Missing 7147 56.1 783 264 Urban 10,978 79.5 2412 812
Size Missing 511 3.7 107 3.6
<3cm 4853 35.1 855  28.8 <0.001 Facility
>3cm 7180 52.0 251 8.5 Academic 4757  34.4 1202 405 <0.001
Missing 1780 129 1864 62.8 Other 8982  65.0 1757 59.2
Personal characteristics Missing 74 0.5 11 0.4
Gender
Female 5678 41.1 1105 37.2 <0.001
Male 8135 589 1865 62.8 opportunity to manage these patients without extirpative
CDC score surgery [14]. A substantial number of patients receiving ET
0 9179 66.5 2136 71.9 <0001 had HG disease in our cohort, counter to current guidelines
1 3459 25.0 624 210 suggesting that ET be limited to patients with LG disease.
o 1175 85 210 71 Of patients who received ET, 29% had HG UTUC, and of all
Age HG UTUC patients who received treatment, 6.4% received
<65 3599 26.1 550 186 <0001  ET. On multivariable analysis, we found patients receiving
65-79 6953 503 1379 46.4 care at academic facilities were 50% more likely to be treated
years with ET compared with those in non-academic settings con-
80+ 3261 23.6 1039 35.0 sistent with these being more specialized procedures.
Race In the analysis of confirmed LR patients, we found
White, 12,777  92.5 2775 93.4 0.07 patients receiving ET to have a higher mortality rate than
non-hisp those receiving RNU. When 2015 EAU guidelines suggest-
Other 893 6.4 165 5.6 ing tumor size be limited to < 1 cm were used, we found
Missing 143 1.0 30 10 no difference between ET and RNU [4]. Our exploratory
Insurance analysis of tumor size indicates that patients with unifocal,
Private 3845 278 647 218 <0.001  Jow-grade, non-invasive UTUC may benefit equally from
Medicare 9199 66.6 2163 728 ET and RNU with tumor sizes equal or less than 1.5 cm.
Medicaid 382 2.8 93 3.1 This size threshold sits between that used by current and
None 20215 29 1.0 previous EAU guidelines. In the group of patients identifi-
Missing 185 13 38 1.3 able as low risk under more restrictive 2015 EAU guidelines
Local characteristics in the NCDB, 49% with potentially ET-manageable disease
Income received RNU. This represents an opportunity for improve-
<38k 2081 15.1 397 13.4 0.005  ment and highlights the importance of referral to centers
3848k 3189 23.1 656 22.1 with experience providing definitive ET-based care.
48-63k 3795 275 799 269 Similar to our study, two prior database analyses have
63k + 4509 32.6 1060 35.7 shown a benefit of RNU over ET in terms of OS in moder-
Missing 239 17 58 2.0 ate or LG non-muscle invasive disease [6, 7]. Results from
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Table 2 Multivariate analysis of factors associated with receiving pri-
mary Endoscopic treatment versus RNU

Variable Odds ratio 95% CI p value
Location

Pelvis 1.00

Ureter 2.06 (1.86,2.27) <0.001
Grade

Low 1.00

High 0.34 (0.3,0.37) <0.001
Size

<3cm 1.00

>3cm 0.24 (0.2,0.28) <0.001

Missing 5.83 (5.22,6.5) <0.001
Clinical stage

<1 1.00

1 0.70 (0.61, 0.8) <0.001

Missing 0.32 (0.28, 0.36) <0.001
Gender

Female 1.00

Male 1.20 (1.09, 1.33) <0.001
CDC score

0 1.00

1 0.79 (0.7, 0.89) <0.001

2+ 0.72 (0.6, 0.87) <0.001
Age
<65 1.00

65-79 years 1.28 (1.08, 1.51) 0.004

80+ 2.38 (1.98,2.85) <0.001
Insurance

Medicaid 1.00

None 0.61 (0.35,1.04) 0.072

Medicare 0.73 (0.54, 0.99) 0.039

Private 0.70 (0.52,0.95) 0.021

Missing 0.66 (0.39, 1.11) 0.12
Income
<38k 1.00

38-48k 1.16 (0.98, 1.37) 0.085

48-63k 1.14 (0.96, 1.34) 0.13

63k + 1.22 (1.04, 1.44) 0.018

Missing 1.60 (0.98,2.61) 0.059
Rural/urban

Rural 1.00

Urban 0.89 0.62, 1.27) 0.53

Missing 0.89 0.62, 1.27) 0.53
Facility

Non-academic 1.00

Academic 1.58 (1.43,1.75) <0.001

Missing 0.93 0.4, 1.97) 0.85
Year

2004 1.00

2005 1.00 (0.79, 1.26) 0.97

2006 1.35 (1.07, 1.69) 0.01
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Table 2 (continued)

Variable Odds ratio 95% CI p value
2007 1.23 (0.99, 1.54) 0.065
2008 1.14 (091, 1.43) 0.26
2009 1.03 (0.82,1.29) 0.8
2010 1.44 (1.16, 1.79) 0.001
2011 1.70 (1.37,2.11) <0.001
2012 1.81 (1.46,2.24) <0.001

single-institution studies of LG UTUC have been mixed
with one study of 129 patients finding a significant increase
in PFES and CSS for RNU versus ET [3] and another of 96
patients finding no difference in CSS or OS [15]. A recent
meta-analysis of 1002 patients with localized UTUC found no
difference in CSS or OS by treatment modality [16]. Another
meta-analysis of kidney-sparing treatments of UTUC found
no difference between RNU and ET in low-grade non-invasive
tumors [17]. Notably, tumor size was not included in any of
these analyses. No prospective trials exist that compare out-
comes of RNU and ET.

Our study has several limitations. First, reporting stand-
ards in NCDB are such that patients receiving multiple surgi-
cal treatments cannot be analyzed, as only the final, defini-
tive surgical treatment is recorded. As has been described in
other studies, roughly 50% of patients with LG UTUC ini-
tially treated with ET have recurrence and require RNU within
a median period of 9 months [6]. As we excluded patients
receiving multiple treatments, we likely over-estimate the
effectiveness of ET. Second, a large proportion (63%) of ET
patients were missing tumor size, making a larger analysis of
LR disease difficult [5]. However, there is reason to believe
that many of these tumors’ missing size data were small as
93% were clinical stage I or less. Third, our analysis is lim-
ited to endoscopic ablation or resection versus RNU, and does
not examine other kidney-sparing surgical techniques, such as
segmental ureterectomy, which may have similar outcomes in
selected patients [17, 18]. Fourth, our analysis is limited to OS
as information on CSS or PFES is not available in the NCDB.
Finally, while propensity score-based methods are effective
ways to control for selection bias on known covariates, there
may be other unrecorded characteristics influencing treatment
selection for UTUC. Despite these factors, we hope our find-
ings assist clinicians when discussing and deciding on treat-
ment options for UTUC with their patients.

Conclusion
We find ET to be inferior to RNU with regard to OS in

the management of LR UTUC under recently updated
guidelines. This effect was not uniform across age groups,
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Fig.4 Stratified analysis of low-risk UTUC tumors by age group for EAU 2015 guidelines. p values from IPTW-weighted proportional cox pro-
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suggesting that some of these patients may safely benefit
from kidney-sparing interventions. Under the previous
guidelines using a smaller tumor size cutoff for LR disease,
there was no difference in OS between ET and RNU. Further
analysis suggests that there is no difference in OS in patients
with tumor size less than or equal to 1.5 cm with otherwise
LR disease. Prospective studies are needed to rigorously
evaluate the benefits of one treatment over another.
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