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Introduction: To evaluate the overall survival and 
pathologic downstaging effect of neoadjuvant chemotherapy 
for upper tract urothelial cell carcinoma.
Materials and methods:  The National Cancer Database 
(NCDB) was queried for patients with stage II-IV upper 
tract urothelial cell carcinoma undergoing definitive 
surgical resection (nephroureterectomy) from 2004-2015.  
Patients with metastatic disease were excluded.  Cohorts 
were stratified by receipt of neoadjuvant chemotherapy 
(NAC).  Kaplan-Meier analysis and Cox regression were 
used to evaluate overall survival.  Logistic regression was 
used to predict the odds of pathologic downstaging to 
non-invasive disease (< pT2).  Propensity score matched 
analysis was performed between groups.
Results:  A total of 3634 patients were identified 
with non-metastatic stage II-IV disease undergoing 

surgical resection; 3364 received no chemotherapy and 
270 received NAC.  Patients undergoing NAC had a 
10.9% rate of downstaging to non-invasive disease (OR 
6.35, p < 0.001).  Moreover, on Kaplan-Meier analysis, 
median survival was 27.3 months and 44.8 months for 
no chemotherapy versus NAC, respectively (log-rank,  
p = 0.001).  Cox regression for death also revealed benefits 
for receiving NAC (HR 0.67, p < 0.001).  Findings were 
confirmed on propensity score matching (532 matched 
patients).  After matching, Cox regression for death 
noted improvement with neoadjuvant as compared to no 
chemotherapy (HR 0.61, p < 0.001).
Conclusion:  Neoadjuvant chemotherapy increases 
likelihood of downstaging to non-invasive disease in 
patients with upper tract urothelial cell carcinoma.  
Chemotherapy also provides an overall survival benefit 
in patients undergoing nephroureterectomy.
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Introduction

Upper tract urothelial cancer (UTUC) is an uncommon 
malignancy, comprising only 5%-10% of all urothelial 

tumors.1  Due to this low incidence of disease, randomized 
clinical trials to guide specific treatment modalities for 
UTUC are lacking.  Currently for non-metastatic UTUC, 
histologic grade, tumor location, and clinical stage 
guide therapeutic interventions; however, all curative 
treatment pathways involve surgical resection of some 
nature.2  For patients with invasive disease (≥ pT2), 
radical nephroureterectomy is typically the standard 
surgical procedure, while the incorporation and timing 
of chemotherapy is still a topic of research and debate. 
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and 2015.  Patients were included with non-metastatic, 
invasive disease (cT2-4 and M0) that underwent 
definitive nephroureterectomy.  Node positive disease 
was allowed.  Patients undergoing endoscopic 
management or segmental ureterectomy were not 
included.  Patients were further selected according 
to the receipt of chemotherapy (no chemotherapy 
or neoadjuvant chemotherapy).  Patients had no 
previously malignancy diagnosis and were diagnosed 
with renal pelvis or ureteral tumor location, although 
the location of the tumor is not specified within the 
NCDB. We identified 3634 patients age ≥ 18 years old 
meeting inclusion criteria.  

Patient demographic variables included age, race, 
sex, Charlson comorbidity index, income status, 
treatment facility volume, and insurance status.  
Treatment facility type was categorized as low 
volume or high volume.  Treatment facilities that 
accumulated 500 or more newly diagnosed cancer 
cases per year were considered to be high volume, 
while facilities with less than 500 were labeled low 
volume.  Disease and operative outcomes included 
histologic nuclear grade, days from diagnosis to 
surgery, clinical stage, pathologic stage, length of 
hospital stay, length of follow up, and all-cause 
mortality. Pathologic downstaging was categorized 
as < pT2.

Statistical analysis and outcomes measures
Our primary outcomes were pathologic downstaging 
of disease after surgery and overall survival, stratified 
by receipt of neoadjuvant chemotherapy.  One-way 
ANOVA was performed for continuous variables, 
while Fischer’s exact or Pearson chi-square test was 
used for categorical variables.  Multivariable analysis 
was performed using logistic regression to identify 
risk factors associated with pathologic downstaging.  
Cox regression analysis was performed for overall 
survival. Kaplan-Meier analysis was performed for 
survival outcome by receipt of chemotherapy.  

To provide further balance between two groups, 
we performed propensity score matching (PSM) on 
a subset of patients.  For a binary treatment indicator 
of chemotherapy receipt (neoadjuvant versus none), 
covariates included age, race, Charlson score, clinical 
stage, treatment facility volume, and nuclear grade.  
Matching was performed 1:1 between groups with 
logistic regression estimation and a nearest neighbor 
matching algorithm.  Matching was achieved for 532 
patients (266 per cohort) in this subset.  Analysis was 
performed with SPSS, version 23 (SPSS Inc., Chicago, 
IL, USA), and R, version 23 extension (Vienna, Austria) 
with p < 0.05 denoting statistical significance.
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The National Comprehensive Cancer Network 
recommends consideration of adjuvant chemotherapy 
(AC) for ≥ pT2 disease, while reserving the discussion 
of neoadjuvant chemotherapy (NAC) for those with 
higher grade or stage.2  These recommendations are, in 
part, extrapolated from treatment of urothelial cancer 
of the bladder.1  In the setting of urothelial cancer of the 
bladder, meta-analysis of randomized trial data shows 
an overall survival (OS) benefit associated with NAC, as 
well as significant odds of downstaging disease to a non-
invasive status.3  On the other hand, studies investigating 
chemotherapy in the setting of UTUC are derived from 
small retrospective reviews or institutional series.1  
Goldberg et al has suggested that patients receiving 
perioperative chemotherapy have increased cancer 
specific mortality.4  Ultimately, the value of perioperative 
chemotherapy in UTUC remains undetermined.

We interrogated the National Cancer Database 
for patients with invasive, non-metastatic UTUC 
treated by radical nephroureterectomy to elucidate 
the survival effects of chemotherapy.  We postulated 
that the use of NAC would improve OS outcomes 
and increase the chance of downstaging after surgical 
resection.  

Materials and methods

Data source
Data for this analysis was derived from the Commission 
on Cancer’s National Cancer Data Base (NCDB) 
Participant User File for kidney cancer from 2004 to 
2015.  The NCDB is a joint project of the Commission 
on Cancer of the American College of Surgeons and 
the American Cancer Society.  The NCDB is a national 
cancer outcomes dataset that includes input from over 
1500 Commission on Cancer-accredited centers in the 
United States.  This data includes all cancer patients 
treated at participating Commission on Cancer-
accredited institutions and is estimated to capture 
over 70% of new cancer cases in the United States.  
Standardized coding definitions are utilized, and the 
data is freely available to participating institutions after 
application for projects are accepted by the NCDB.  The 
data used in the study are derived from a de-identified 
NCDB file.  The American College of Surgeons and the 
Commission on Cancer have not verified and are not 
responsible for the analytic or statistical methodology 
employed, or the conclusions drawn from these data 
by the investigator.

Study population 
The NCDB was queried for patients with UTUC, 
including site specific histology codes, between 2004 
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Results

Patient demographics and tumor characteristics
Patient demographics and tumor characteristics of 
the 3634 patients with UTUC undergoing radical 
nephroureterectomy can be found in Table 1.   A total 
of 3364 did not receive perioperative chemotherapy, 
while 270 received NAC.  The average age of the 
cohort was 73.4 ± 10.6 years.  The mean age of 
those undergoing no chemotherapy was 73.9 ± 
10.6 while those choosing NAC on average were 
over six years younger (p < 0.001).  Those forgoing 
chemotherapeutic treatment were more likely 
to have comorbidities as evidenced by higher 
Charlson scores in comparison to those undergoing 
NAC.  Variables such as race, gender, and income 
status were not significantly different between the 
treatment groups.  Meanwhile, those receiving 
neoadjuvant chemotherapy were more likely to be 
privately insured and less likely to be Medicare 
patients, relative to those choosing only surgical 
therapy.  Notably those choosing no chemotherapy 
were more likely to receive treatment at low volume 
centers (p < 0.001).  

Table 1.  Patient demographics and clinical tumor characteristics.

Histology and survival outcomes
Table 2 lists values pertaining to the histology and 
survival outcomes of patients evaluated.  There was a 
significant difference in time from diagnosis to surgery 
date, with those receiving NAC waiting an average 
of 139 days from diagnosis (None 30.5, NAC 139.9,  
p < 0.001).  NAC patient had a higher rate of 
preoperative cT4 disease (58.9% for NAC versus 
16.7% for none; p < 0.001).  The rate of pathologic 
downstaging to non-invasive disease was higher for 
those receiving NAC (10.7%, versus 1.7%, p < 0.001).  
Additionally, patients receiving NAC had a decreased 
rate of mortality compared to no chemotherapy (40.0% 
versus 55.1%, respectively, p < 0.001). 

Logistic regression and downstaging
Logistical regression for downstaging was performed 
including age, Charlson score, clinical stage, receipt of 
neoadjuvant chemotherapy, and nuclear grade, Table 3.  
Increasing age was associated with decreased odds of 
downstaging disease after surgery (OR 0.98, p = 0.03).  
Using clinical stage cT4 as reference, cT2 disease was 
associated with increased likelihood of downstaging 
(OR 2.06, p = 0.021) while cT3 disease had no effect.  
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Table 2.  Histology and survival outcomes.

Table 4.  Cox regression for death.

Table 3.  Logistic regression for pathologic downstaging.
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Low nuclear grade, on the other hand, was associated 
with downstaging (OR 2.59, p < 0.001).  Furthermore, 
NAC was the single greatest predictor of downstaging 
disease (OR 6.35, p < 0.001).

Cox Regression and death
Table 4 lists values of our Cox regression analysis for 
death. Increasing age was associated with increased 
risk of death. Charlson scores of 2 and 3 had increased 
mortality (p < 0.001) whereas Charlson score of 1 and 
race were non-contributory.  Similarly, increasing 
clinical stage (relative to cT2) and high nuclear grade 
were found to be statistically significant detriments to 
survival.  Receipt of neoadjuvant chemotherapy was 
the only factor that decreased the hazard of death (HR 
0.66, p < 0.001). 

Kaplan-Meier survival analysis
Figure 1 depicts the Kaplan-Meier survival analysis 
stratified by chemotherapy status (log-rank p < 0.001).  
Time zero represents the date of diagnosis.  Median OS 
in months was 33.35 for no perioperative chemotherapy 
and 43.3 months for NAC.  The 2 and 5 year OS for 
patients undergoing no chemotherapy and NAC were 
57.5% and 36.3%, and 61.9% and 39.1% respectively. 

Propensity score matching
Propensity score matched cohort descriptors are noted 
in table one and two.  NAC and no chemotherapy 
cohorts were well balanced with no difference in age, 
race, gender, Charlson score, income level, insurance 
status, facility volume, nuclear grade, or clinical stage.  

Figure 1. Kaplan Meier overall survival analysis.

Figure 2. Kaplan Meier overall survival analysis.

Of note, the unadjusted rate of downstaging disease 
was highest for NAC (10.9% versus 3.8%, p < 0.001) and 
the rate of mortality was lower for NAC (39.1% versus 
59.4%, p < 0.001).

On multivariate analysis, improvements were again 
seen with NAC, Table 3 and 4.  The logistic regression 
for downstaging showed a significant effect associated 
with low nuclear grade (OR 3.61, p < 0.001) and NAC 
(OR 2.69, p = 0.01).  Additionally, the Cox regression for 
death was repeated after PSM, noting that cT4 disease 
(HR 2.55, p < 0.001) significantly increased the risk of 
mortality.  Notably, the only risk factor for decreased 
mortality was NAC (HR 0.61, p < 0.001).  On KM 
analysis in Figure 2, median OS was improved for NAC 
(44.8 versus 27.3 months, log-rank p = 0.001; Figure 2).

Discussion

For invasive, non-metastatic UTUC we demonstrate an 
overall survival benefit and increased odds of tumor 
downstaging when treated with NAC.  This was in 
spite of an expected delay in surgical intervention, 
associated with NAC.  After propensity score 
matching, the downstaging and survival benefits of 
NAC were maintained.  This evidence provides further 
credence to existing data regarding the increasing use 
of perioperative chemotherapy, particularly for NAC, 
and should encourage clinicians to pursue NAC when 
clinically feasible.3 

Despite the encouraging results associated with 
perioperative systemic treatment and data reporting 
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the increased utilization of NAC, it is estimated that 
only 16% of patients with non-metastatic disease are 
receiving chemotherapy of any nature.4,5  The current 
data landscape of perioperative chemotherapy in the 
setting of UTUC is dominated by small, single institution 
retrospective studies or extrapolated data from urothelial 
bladder cancer.  Existing guidelines admit as much 
when providing recommendations for treatment.1,2  
Generalization of the existing urothelial bladder cancer 
evidence to UTUC may be perilous, as the two disease 
processes are anatomically, biologically and molecularly 
distinct diseases.6  However, although strong evidence is 
lacking, these retrospective studies and our own analysis 
provide promising oncological outcomes.

A recent systematic review and meta-analysis 
performed by Leow and associates reviewed the 
current evidence for NAC in the setting of UTUC.7  
Compiling five retrospective and three prospective 
studies, they substantiated an increased tendency to 
downstage (14%) disease after surgical resection and 5 
year overall survival of 13%-80% when using NAC.8-10  

When combined, these studies examined 154 patient 
outcomes, and only 89 of those patients are evaluated for 
overall survival data.  Liao et al added to these results 
by examining 240 patients with UTUC, of which 32 
had NAC and 208 had no chemotherapy.  Pathologic T 
stage was significantly lower for those receiving NAC 
with a complete remission rate of 9.4%.11  Our NCDB 
analysis reviewed 5 year overall survival for nearly 
twice as many patients and notes a similar rate of 
pathologic downstaging (10.7% for NAC before PSM 
and 10.9% after PSM).  Our analysis reveals median 
overall survival of 43.3 and 33.3 months for patients 
receiving NAC and no chemotherapy, respectively.  The 
larger cohort and analysis of a national registry increases 
the generalizability of our results.  Taken together, our 
study and the results of previous analyses add to the 
ongoing discussion regarding benefits of chemotherapy 
for UTUC.  While NAC may not be feasible or warranted 
for all patients with UTUC, the current data available 
suggests well selected patients may be downstaged to 
non-invasive disease and can derive associated long 
term survival benefits.

More recent retrospective studies have been focusing 
on specific chemotherapy regimens.  Kubota et al 
preformed a multi-center, retrospective review and 
exhibited improved cancer specific survival and a 
predisposition for downstaging locally advanced UTUC 
(cT3-T4, N+ disease) in those receiving platinum-based 
NAC.12  The NAC cohort predominantly received two 
cycles of either gemcitabine + carboplatin therapy (75%) 
or gemcitabine + cisplatin (21%) therapy.  Within this 
analysis of 234 patients, recurrence-free and cancer-

specific survival was improved for NAC; however, the 
OS benefit was not statistically significant.  Similarly, 
Hosogoe and associates corroborated improved cancer 
specific survival (HR 0.37, 95% CI 0.15–0.92; p = 0.031) 
for those receiving platinum based NAC, however they 
also noted a non-significant OS benefit on multivariable 
analysis.13  Our results echo these conclusions by showing 
similar findings with regards to downstaging of disease 
for NAC (HR 7.98, p < 0.001) and noting statistically 
significant improvements in OS; however, the NCDB 
does not allow for stratification of chemotherapy agents 
or cancer-specific survival outcomes.  Additionally, our 
analysis did identify significant OS benefits, in contrast to 
these previous retrospective reviews.  This likely reflects 
selection bias associated with a retrospective tumor 
registry.  These differing results and lack of knowledge 
regarding chemotherapy regimen with the NCDB 
increase the need for a randomized clinical trial to further 
evaluate specific platinum-based regimens.

Lack of prospective and randomized data for 
treatment of UTUC is linked to the rarity of the disease 
and difficulties with enrollment; however, future 
studies are ongoing.  Recently the POUT trial (Peri-
Operative Chemotherapy Versus Surveillance in Upper 
Tract Urothelial Cancer), a randomized control trial 
examining the effects of AC in ≥ T2M0 UTUC, terminated 
enrollment early due to improved outcomes favoring 
AC.  After four cycles of gemcitabine-cisplatin, patients 
were found to have 2 year disease-free survival of 70% 
compared to 51% for those undergoing surveillance after 
nephroureterectomy.14  Studies investigating the effects of 
AC on oncological outcomes are difficult to perform due 
to decreased renal function post-operatively.  Moreover, 
postoperative complications requiring a prolonged 
treatment course may significantly delay or even 
completely exclude a patient from AC.  For that reason, 
exploring the benefits of NAC is paramount.  Similar 
studies evaluating disease free survival after platinum 
based chemotherapy in the preoperative setting are 
ongoing.15  These encouraging results foreshadow the 
possibility of trial-based UTUC guidelines, including 
recommendations for perioperative chemotherapy, with 
associated better oncological outcomes.  Our findings 
provide further support to the use of perioperative 
chemotherapy with invasive disease, as we noted an 
improved OS associated with NAC on Cox regression.  
Ultimately, the use of NAC appears to carry survival 
benefit in well selected patients who are appropriate 
candidates.

Retrospective reviews of large databases, such as 
ours, carry with them inherent limitations.  First and 
foremost, its retrospective nature allows only proof 
of association and is limited by selection bias.  Future 
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prospective and randomized control trials will be 
needed to validate our data for real world application.  
Furthermore, there is a wide range of providers and 
clinical settings within the NCDB registry; thus, 
surgery and chemotherapy treatment plans are not 
standardized.  We also noted that on average the patient 
sub-population receiving NAC were younger with less 
comorbidity (Charlson Score 0) than in the other groups.  
These differing patient characteristics could play a 
part in the improved survival outcomes seen in NAC; 
however, multivariable analysis and PSM was used, in 
an attempt to mitigate these effects.  There is also a lack 
of data regarding how many patients receiving NAC 
where unable to complete the number of planned cycles 
or never were able to receive definitive surgery.  Finally, 
as discussed, recent publications have been attempting 
to discern the best chemotherapeutic regimen.  
Unfortunately, the NCDB does not identify specific 
agents utilized. Still, as one of the largest retrospective 
review to date examining oncologic outcomes, our study 
is able to affirm the need for additional research in NAC 
use in the setting of non-metastatic UTUC.

Conclusion

There is a modest overall survival benefit in patients 
being treated with NAC when combined with surgical 
extirpation for non-metastatic UTUC.  Furthermore, 
treatment with NAC, along with lower grade or 
clinical stage disease, increases the likelihood of 
downstaging of disease after surgical intervention.  
Thus, chemotherapy should be considered part of 
multi-modal treatment for those diagnosed with non-
metastatic UTUC when clinically feasible. 
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