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Abstract
Introduction: Unlike the established evidence to use chemotherapy for urothelial 
carcinoma of the bladder, presently there are insufficient data to inform a recom-
mendation on upper urinary tract urothelial carcinoma treatment. The prognosis for 
patients with stage T4 and positive lymph nodes is poor; however, primary tumors in 
the renal pelvis are associated with favorable prognoses compared to those located 
in the ureter. Our study aimed at investigating the effectiveness of chemotherapy in 
patients with pT3N0M0 renal pelvic urothelial carcinomas (RPUC) who have rela-
tive favorable prognosis.
Methods: Patients with pT3N0M0 tumors who underwent radical nephroureterec-
tomy combined with bladder cuff excision between 2005 and 2014 and registered in 
the Surveillance, Epidemiology, and End Results database were eligible for inclu-
sion (n = 939). Baseline characteristics between the chemotherapy and observation 
groups were controlled for with inverse probability of treatment weighting (IPTW)-
adjusted analysis.
Results: After the IPTW-adjusted analysis, the 5-year IPTW-adjusted rates of overall 
survival (OS) for the chemotherapy and observation groups were 53.1% and 44.9%, 
respectively. The IPTW-adjusted Kaplan-Meier curves suggested that chemotherapy 
was associated with increased OS compared with observation (P  =  .028). In the 
IPTW-adjusted Cox proportional hazards regression model, chemotherapy was as-
sociated with favorable survival benefits compared with observation (hazard ratio 
[HR] 0.71, 95% CI 0.52-0.92, P = .031), and this was maintained after bootstrapping 
(HR 0.72, 95% CI 0.49-0.93). Chemotherapy had a protective effect on OS benefits, 
which were found in a majority of the results of the subgroup analysis and were con-
sistent with the main results (all P-interactions > 0.05).
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1  |   INTRODUCTION

Upper urinary tract urothelial carcinomas (UTUC) are rare, ac-
counting for 5%-10% of all urothelial carcinomas.1,2 Much of 
the current clinical decision-making in UTUCs uses a guideline 
based on urothelial carcinomas of the bladder.1 However, unlike 
the established evidence based on chemotherapy for urothelial 
carcinoma of the bladder, there are insufficient data to inform 
recommendations for UTUC treatment.2 Previous retrospective 
studies of adjuvant chemotherapy yielded conflicting results 
and had low statistical power.3–9 The results of the POUT clin-
ical trial recently supported the benefit of administering adju-
vant chemotherapy for patients undergoing RNU and provided 
the strongest evidence for using adjuvant chemotherapy in the 
standard of care of these patients, with improved disease-free 
survival (DFS, hazard ratio [HR] = 0.45, P = .0002) obtained 
with chemotherapy.10 However, the use of DFS as a surro-
gate endpoint for overall survival (OS) is still controversial.11 
Therefore, outcomes of OS supported by more evidence are still 
awaited.

In the POUT clinical trial, 91% of the patients had nega-
tive lymph nodes, and the subgroup analysis showed that the 
clear benefit was attributable to these patients.10 Nevertheless, 
in the subgroup analysis, the improved DFS did not reach sig-
nificance in patients with positive lymph nodes, due to their 
small sample size.10 However, in the real world, a study based 
on National Cancer Data Base (NCDB) showed that patients 
with lymph node metastases and tumors located in the ureter 
had a higher possibility of receiving adjuvant chemotherapy 
than patients with negative lymph nodes and tumors located 
in the renal pelvis.3 Furthermore, a study based on an interna-
tional UTUC database collaboration between Europe and the 
United States showed that patients who receive adjuvant che-
motherapy harbored more advanced disease.4,7 Undoubtedly, 
the prognosis for patients with T4 stage, lymph-node-positive 
disease is poor, and serious consideration is given to providing 
adjuvant chemotherapy following radical nephroureterectomy 
for these patients.3,7 Currently, only 16.2%-35.1% of pT3N0M0 
patients receive adjuvant chemotherapy.5,7 The EAU guideline 
considered that primary tumors in the renal pelvis were asso-
ciated with favorable prognosis compared with those located 
in the ureter.2,5,12 In summary, it was reported that a subgroup 
of patients with pT3N0M0 renal pelvic urothelial carcino-
mas (RPUC) had a better prognosis, but lower percentage of 

receiving chemotherapy, than those with locally advanced 
UTUC. Importantly, less is known about the relationship be-
tween chemotherapy and survival in patients with pT3N0M0 
RPUC after a radical nephroureterectomy, and there are con-
flicting results with largely retrospective studies. The effective-
ness of chemotherapy for the OS for patients with pT3N0M0 
RPUCs merits study. Therefore, we investigated the effects of 
chemotherapy using data from the Surveillance, Epidemiology, 
and End Results (SEER) database, which will address the use 
of adjuvant chemotherapy in patients with pT3N0M0 RPUC.

2  |   METHODS

2.1  |  Study population

The SEER database collects data from 17 cancer registries, 
covering approximately 28% of the US population. It clas-
sifies pathological features according to the International 
Classification of Disease for Oncology (ICD-O-3) histology 
codes. A total of 7278 cases of tumors located in the renal pel-
vis (code C65.9) were added to the SEER database between 
2005 and 2014. Patients with transitional cell carcinomas 
(codes 8120/3, 8122/3, 8130/3, and 8131/3) were eligible for 
inclusion. Patients who underwent radical nephroureterectomy 
combined with bladder cuff excision (surgery primary site 
code 40) and whose disease was subsequently characterized as 
pathological TNM stage T3N0M0 were included in the study 
(Figure 1). Patients older than 85 years were excluded because 
they were less likely to receive chemotherapy. To determine 
renal peripelvic fat invasion (RFI) and renal parenchymal in-
vasion (RPI), CS Extension codes (2004-2014) were used. OS 
was defined as the time from the date of surgery to the date of 
death due to any cause and was defined according to the vital 
status recode. Sequences of chemotherapy were not reported in 
the SEER database. A 3-month conditional landmark analysis 
was used to remove bias relating to early mortality.

2.2  |  Statistical analysis

Baseline characteristics between the chemotherapy and 
observation groups were controlled for with inverse 
probability of treatment weighting (IPTW)-adjusted 

Conclusion: Chemotherapy may provide significant OS benefits for patients with 
pT3N0M0 RPUC. The results of our study could strengthen the evidence for using 
adjuvant chemotherapy in this rare group of patients.
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analyses.13 Propensity score estimation relied on the 
inclusion of all observed covariates into a multivariate 
logistic regression model in which treatment assignment 
(chemotherapy vs observation) was regressed based on 
age, gender, race, tumor size, grade, type of invasion (RPI 
or RFI), number of lymph nodes removed, and insurance 
status. A multivariable logistic regression model used 
to estimate propensity scores is reported. The estimated 
propensity scores were used to calculate stabilized IPTW 
average treatment effect weights.13 The covariate balance 
between the chemotherapy and observation groups was 
evaluated using Austin's method of calculating the stand-
ardized difference.14 Imbalance between the two groups 
was defined as a standard difference of greater than 10%. 
The primary endpoint (OS) was compared using an ad-
justed Kaplan-Meier estimator and log-rank test with 
IPTW.15 We also used a weighted Cox proportional haz-
ards regression model to calculate the IPTW-adjusted 
hazard HR of the chemotherapy vs observation groups, 
and a bootstrap approach was used to assess the impact 
of variance variability using 1000 random datasets that 
were drawn randomly to replace the original dataset. We 
performed exploratory analyses to evaluate the IPTW-
adjusted hazard ratios (chemotherapy vs observation) 
categorized by age (<75 and ≥75 years), gender (male or 
female), race (white, black, and other), insurance status 
(yes, no/unknown), type of invasion (RPI or RFI), num-
ber of lymph nodes removed (none, 1-7, and >8), tumor 
size (≤3  cm, >3  cm, and unknown), and grade (G1-2, 
G2-3, and unknown).14 We combined the type of invasion 
and tumor size to create three prognosis groups: RPI and 
≤3 cm, RPI and >3 cm, RFI and any size. Moreover, we 
calculated the adjusted HR of chemotherapy vs observa-
tion by performing multivariate Cox regression analysis 
in each subgroup. In this multivariate subgroup analysis, 
we treated the other confounding factors as covariates 

and adjusted their effects. For lymph node dissection and 
insurance status, we did not calculate the HR because 
of the limitation imposed by the relatively small sample 
size in each subgroup. Statistical analysis was carried 
out using R software version 3.4.2 (Vienna, Austria). All 
tests were two-sided and P < .05 was considered statisti-
cally significant. The R packages IPWsurvival, survival, 
survey, tableone, forestplot, and boot were applied for the 
respective data analyses.

3  |   RESULTS

3.1  |  Comparison of baseline characteristics

The study flow is presented in Figure 1. Table 1 presents the 
baseline characteristics of the study population, which was 
divided into chemotherapy and observation groups. There 
was significant heterogeneity between the groups in charac-
teristics such as gender, age, race, pattern of invasion (RFI 
and RPI), grade, number of lymph nodes removed, and in-
surance status (standard difference >10%, Table  1). The 
highest and the lowest weights in the chemotherapy group 
4.28 and 0.34, respectively. The corresponding values in the 
non-chemotherapy group were 1.72 and 0.81. Patients who 
received chemotherapy were younger, more likely to have 
insurance, had higher grade tumors, were more likely to have 
RFI, and were more likely to have lymph node dissection. In 
addition, males and non-whites had a higher probability of 
receiving chemotherapy. After the IPTW-adjusted analysis, 
the two groups were comparable and all standardized differ-
ences were less than 10% (Table  2). The effective sample 
sizes after IPTW were 193.6 in the chemotherapy group and 
744.7 in the control group, respectively (Table 2). The results 
obtained with the multivariable logistic regression model 
used to estimate propensity scores are reported in Table 3. 

F I G U R E  1   Study flow. RPUC: renal 
pelvic urothelial carcinomas, RNU: radical 
nephroureterectomy
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Unweighted and weighted baseline characteristics of patients 
stratified by treatment group are shown in Figure 2. Figure 3 
shows the proportion patients receiving chemotherapy vs ob-
servation over the period 2005-2014.

3.2  |  Survival analysis

The median follow-up times for the chemotherapy and 
observation groups were 60  months (95% confidence 
interval [CI] 48-69) and 54 months (95% CI 50-58), re-
spectively. The 5-year IPTW-adjusted rates of OS for 
the chemotherapy and observation groups were 53.1% 
and 44.9%, respectively. IPTW-adjusted Kaplan-Meier 

curves (Figure  4) suggested that chemotherapy was as-
sociated with increased OS compared with observation 
(P = .028). In the IPTW-adjusted Cox proportional haz-
ards regression model, chemotherapy was associated 
with favorable survival benefits compared with observa-
tion (HR = 0.71, 95% CI 0.52-0.92, P = .031), and this 
was maintained after bootstrapping (HR = 0.72, 95% CI 
0.49-0.93). Subgroup analysis by type of invasion (RPI or 
RFI), age, gender, race, number of lymph nodes removed, 
tumor size, and grade was noteworthy (Figure  5). The 
chemotherapy group showed a protective effect in terms 
of OS benefits, which appeared in a majority of the results 
of subgroup analysis and was consistent with our main re-
sults (all P > .05). We noticed that the number of patients 

T A B L E  1   Comparison of baseline characteristics before inverse 
probability of treatment weighting-adjusted analysis

Chemotherapy Observation
Standard 
difference

Patients (n) 194 745 -

Gender (%)

Male 125 (64.4) 434 (58.3) 0.127

Female 69 (35.6) 311 (41.7)

Age

<75 years 160 (82.5) 414 (55.6) 0.608

≥75 years 34 (17.5) 331 (44.4)

Race

White 160 (82.5) 666 (89.4) 0.213

Black 16 (8.2) 29 (3.9)

Others 18 (9.3) 50 (6.7)

Patterns of invasion

RPI 121 (62.4) 506 (67.9) 0.117

RFI 73 (37.6) 239 (32.1)

Tumor size

≤3 cm 65 (33.5) 262 (35.2) 0.057

>3 cm 118 (60.8) 434 (58.3)

Unknown 11 (5.7) 49 (6.6)

Grade

G1-2 12 (6.2) 106 (14.2) 0.283

G3-4 165 (85.1) 596 (80.0)

Unknown 17 (8.8) 43 (5.8)

Lymph node removed (n)

None 145 (74.7) 599 (80.4) 0.198

1-7 31 (16.0) 113 (15.2)

≥8 18 (9.3) 33 (4.4)

Insurance

Yes 167 (86.1) 593 (79.6) 0.173

No/unknown 27 (13.9) 152 (20.4)

Note: RFI: renal peripelvic/periureteral fat invasion; RPI: renal parenchymal 
invasion; n: number.

T A B L E  2   Comparison of baseline characteristics after inverse 
probability of treatment weighting-adjusted analysis

Chemotherapy Observation
Standard 
difference

Patients (n) 193.6 744.7 -

Gender (%)

Male 119.3 (61.6) 443.5 (59.6) 0.042

Female 74.3 (38.4) 301.2 (40.4)

Age

<75 years 118.6 (61.3) 455.0 (61.1) 0.003

≥75 years 75.0 (38.7) 289.7 (38.9)

Race

White 174.0 (89.9) 656.6 (88.2) 0.060

Black 8.7 (4.5) 35.6 (4.8)

Others 10.9 (5.6) 52.5 (7.0)

Patterns of invasion

RPI 128.8 (66.5) 497.5 (66.8) 0.006

RFI 64.8 (33.5) 247.2 (33.2)

Tumor size

≤3 cm 68.4 (35.3) 259.3 (34.8) 0.039

>3 cm 114.7 (59.2) 438.1 (58.8)

Unknown 10.5 (5.4) 47.3 (6.3)

Grade

G1-2 23.2 (12.0) 93.6 (12.6) 0.018

G3-4 158.2 (81.7) 603.6 (81.1)

Unknown 12.2 (6.3) 47.5 (6.4)

Lymph node removed (n)

None 152.9 (79.0) 589.5 (79.2) 0.021

1-7 31.0 (16.0) 115.1 (15.5)

≥8 9.7 (5.0) 40.1 (5.4)

Insurance

Yes 159.8 (82.6) 603.1 (81.0) 0.041

No/unknown 33.8 (17.4) 141.6 (19.0)

Note: RFI: renal peripelvic/periureteral fat invasion; RPI: renal parenchymal 
invasion; n: number.
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with tumor size unknown and lymph dissection more than 
8 was only 51 and 34, which contributed to the poten-
tially unstable effect size estimates. Furthermore, it was 
possible to classify patients into three prognostic groups: 
RPI and ≤3 cm, RPI and >3 cm, and PFI and any size. 
The increased rate of OS with chemotherapy was con-
sistent in these subgroups (RPI and ≤3 cm: HR = 0.79, 
95% CI 0.39-1.63; RPI and >3 cm: HR = 0.55, 95% CI 
0.32-0.96; PFI and any size: HR  =  0.88, 95% CI 0.59-
1.32, Figure  5). In addition, we calculated the adjusted 
HR of chemotherapy vs observation by multivariate Cox 
regression analysis in each subgroup (Table S1). In this 
multivariate subgroup analysis, we treated the other con-
founding factors as covariates and adjusted their effects. 
These results were also consistent with the results calcu-
lated by IPTW.

4  |   DISCUSSION

Our data derived from a real-world database (SEER da-
tabase) validate the benefits of using chemotherapy in pa-
tients with pT3N0M0 RPUC, especially benefits related to 
OS. Furthermore, we noticed that some differences might be 
weakened by the relatively small sample sizes in subgroup 
analysis, but no heterogeneity of OS benefits was detected 
across a majority of the subgroups. Moreover, the adjusted 
HR of chemotherapy vs observation by multivariate COX 
regression was consistent with the adjusted HR obtained by 
IPTW. The P-values for the interaction effects were calcu-
lated by testing the interaction terms in the respective interac-
tion models in the whole sample (n = 939). We believed the 
results from the interaction models were more reliable com-
pared with those of the subgroup analyses due to the sufficient 

Term Estimate SE Statistic P-value OR 95% CI

Intercept −1.986 0.353 −5.623 <0.001 0.137 0.066-0.265

Gender

Male Reference

Female −0.223 0.177 −1.261 0.207 0.800 0.563-1.129

Age

<75 years Reference

≥75 years −1.305 0.206 −6.319 <0.001 0.271 0.179-0.402

Race

White Reference

Black 0.685 0.341 2.007 0.045 1.985 0.998-3.838

Others 0.385 0.308 1.249 0.212 1.469 0.786-2.648

Lymph node removed

None Reference

1-7 0.037 0.233 0.159 0.874 1.038 0.650-1.621

More than 8 0.580 0.324 1.788 0.074 1.786 0.931-3.342

Grade

G1-2 Reference

G3-4 1.002 0.326 3.075 0.002 2.722 1.492-5.404

Gx 1.296 0.436 2.975 0.003 3.656 1.569-8.762

Tumor size

≤3 cm Reference

>3 cm 0.084 0.183 0.457 0.647 1.087 0.762-1.561

Unknown −0.172 0.376 −0.458 0.647 0.842 0.386-1.709

Pattern of invasion

RPI Reference

RFI 0.338 0.177 1.906 0.057 1.402 0.988-1.981

Insurance

Yes Reference

No/
Unknown

−0.470 0.237 −1.980 0.048 0.625 0.386-0.982

Note: RPI: renal parenchymal invasion; RFI: renal peripelvic/periureteral fat invasion.

T A B L E  3   Multivariable logistic 
regression model used to estimate 
propensity scores



      |  5761LIU et al

power in the interaction models. This showed that there were 
no significant interaction effects between the chemotherapy 
and the covariates, which further supports our main finding.

The better effect of adjuvant chemotherapy for high-
risk patients with negative lymph node was seen in a sub-
group analysis of the NCDB study (pT3-4N0: HR  =  0.69, 
95% CI: 0.57-0.84)3 and the POUT clinical trial (pT2-4N0: 
HR = 0.40, 95% CI: 0.25-0.63).10 The POUT clinical trial 
primarily recruited high-risk patients with N0 (91%) UTUC 
and did provide the strongest evidence for using adjuvant 
chemotherapy in the standard of care of these patients.10 In 
our study, we focused on patients with pT3N0M0 RPUC who 
showed a relatively favorable prognosis among those with 

pT3-4 or N+ tumors. Importantly, according to analyses of 
some large multi-institutional databases, pT3N0-2 tumors 
account for approximately 22.1%-37.0% of all UTUCs 8,16–19 
and 31.0%-43.0% of all renal pelvic tumors.16,19,20 Patients 
with pT3N0M0 RPUCs appear to account for almost a third 
of patients with UTUC. However, as with most rare cancers, 
their treatment is based on a relatively small body of litera-
ture. Currently, only 18.7% of patients with pT3N0M0 RPUC 
receive adjuvant chemotherapy.5 The findings of our study 
could strengthen the evidence for using adjuvant chemother-
apy for this rare group of patients.

Furthermore, we noticed that some retrospective data 
for adjuvant chemotherapy are conflicting. Seisen et al3 

F I G U R E  2   Effect of inverse 
probability of treatment weighting. RPI: 
renal parenchymal invasion, RFI: renal 
peripelvic fat invasion

F I G U R E  3   Use of chemotherapy vs 
observation for patients who underwent 
radical nephroureterectomy from the SEER 
database between 2005 and 2014
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and Haung et al5 observed that there were survival benefits 
of using adjuvant chemotherapy for pT3-4N0M0 UTUC 
in the period 2004-2012, and for pT3N0M0 tumors from 
2004 to 2014, respectively. Conversely, a stage-to-stage 
comparison from 1992 to 2006 using an international 
UTUC database did not favor adjuvant chemotherapy in 
pT3N0M0 stage disease (HR = 1.14, P = .529),7 and when 
the sample size was increased there even appeared to be an 
increased risk of overall mortality (HR = 1.47, P = .172) 
in patients with pT3-4N0M0 (from 2000 to 2015) stage 
disease.4 In fact, their results showed that in patients with-
out lymph node metastases, adjuvant chemotherapy was 
associated with an increased risk of overall mortality.4,7 
It is likely that the positive effect of chemotherapy seen 
in our study and that of Seisen et al and Huang et al 3,5 
is due to the more recent timeframe, improved radical 
nephroureterectomy techniques, more efficient cispla-
tin-based chemotherapy regimens, and more extensive 
lymph node dissection. The different sources of data in 
studies based on international databases (obtained from 
community oncology)4 and the NCDB database3 (obtained 
from high-volume hospitals) may contribute to conflicting 
outcomes for adjuvant chemotherapy. Although the over-
lap of the NCDB and SEER databases is significant, the 
data included in NCDB are based on the hospital system 
whereas the data in the SEER database are based on the 
population. Not all results derived from the NCDB study 
could be generalized to the entire US.21 In addition, the use 
of chemotherapy may be limited because of the post-RNU 
drop-off in half renal function in clinical practice. In this 
context, our IPTW-adjusted analysis based on the SEER 
database showed a significant OS benefit of chemother-
apy, and these outcomes may facilitate the clinical practice 
changes for pT3N0M0 RPUC.

Previous studies have reported that 4.7%-45.8% of 
pT3N0-2 UTUC tumors are low-grade,5,20,22,23 and the pro-
portion of low-grade tumors receiving chemotherapy is 
reported as 6.4%-50.0%4,5,7; less is known about the effi-
cacy of chemotherapy in these patients. Our study suggests 
that chemotherapy for pT3N0M0 patients with low-grade 
(G1-2) tumors is also beneficial in terms of survival bene-
fit (HR = 0.86, 95% CI 0.30-2.48), but difference might be 
weakened by the relatively small sample sizes. Two previ-
ously published analyses using propensity scoring did not 
incorporate lymph node dissection into the model.3,4 The out-
comes of the POUT clinical trial validate the survival benefits 
in patients with pN0, and whether the use of more extensive 
lymph node dissection would offer additional benefits is un-
certain. Therefore, we considered lymph node dissection as a 
potential confounder. We found that chemotherapy provided 
a significant survival benefit in patients who underwent no 
lymph node dissection and a trend of benefits in patients who 
had undergone lymph node removal (harvested from 1 to 7). 
This outcome could be attributed to the “Will Rogers” stage 
migration phenomenon, whereby more extensive lymph-
adenectomy could lead to more accurate staging. In the real 
world, patients with positive lymph nodes might be the most 
suitable candidates for receiving adjuvant chemotherapy and 
showed clear survival benefits in some retrospective studies.3 
Certainly, the necessity of lymphadenectomy and the opti-
mum degree of lymph node removal is still under debate.24 
According to Kondo et al25 and Roscigno et al,26 a lymph 
node count of at least eight during lymphadenectomy favor-
ably influenced survival. Therefore, in our study, removal 
of eight lymph nodes was considered as the cutoff value in 
predicting OS. Although chemotherapy was not associated 
with benefits in improving OS for patients who had under-
gone removal of more than eight lymph nodes, we think that 

F I G U R E  4   Inverse probability of 
treatment weighting-adjusted Kaplan-Meier 
analysis of overall survival in patients 
receiving chemotherapy vs observation
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this result might be attributable to the low statistical power 
caused by the small sample size.

For patients who underwent radical removal of half 
renal units after undergoing radical nephroureterectomy, 
the success of the POUT clinical trial give us an oppor-
tunity to consider the neoadjuvant setting. The ongoing 
trial, URANUS, will address the effectiveness of neoad-
juvant chemotherapy in comparison with adjuvant che-
motherapy. PD-1/PD-L1 checkpoint inhibitors may be a 
better choice of adjuvant treatment, with their low toxic-
ity, high compliance, and longer response duration.27,28 

In addition, concomitant or sequential administration of 
PD-1/PD-L1 checkpoint inhibitors and chemotherapy pos-
sibly further enhances their efficacy,29 by inhibiting tu-
mors’ evasion of the immune response and by increasing 
sensitivity to chemotherapy. Robinson et al conducted a 
study based on an integrated analysis of whole-exome and 
RNA-sequencing of UTUC, and the outcome showed that 
most of the UTUCs were categorized to luminal-papillary 
and T-cell depleted. Moreover, sporadic UTUCs contain a 
lower total mutational burden than urothelial carcinomas of 
the bladder.30 Most importantly, they indicated that FGFR3 

F I G U R E  5   Inverse probability of 
treatment weighting-adjusted hazard ratios 
of chemotherapy vs observation for patients 
receiving radical nephroureterectomy 
depicted by a Forrest plot. RPI: renal 
parenchymal invasion, RFI: renal peripelvic 
fat invasion
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inhibition potentially remolds the immune contexture of 
UTUC and provides a rationale for combined treatment 
with PD-1/PD-L1 and an FGFR3 inhibitor.30 Recently, a 
pan-FGFR inhibitor was also established for advanced 
urothelial carcinomas with FGFR alterations, including 
UTUC.31 However, data for combined chemotherapy and 
immunotherapy and/or FGFR inhibitors are unmet needs in 
the clinical context.

Some investigators have attempted to stratify patients 
with pT3 stage RPUC into heterogeneous prognosis groups, 
for example microscopic inflation of the renal parenchyma 
(pT3a) vs macroscopic inflation or peripelvic adipose tis-
sue (pT3b).20,22 However, that information could not be re-
trieved by the SEER database in our study. Additionally, as a 
prognostic factor, tumor size has the advantage of allowing 
pathologist agreement and accurate measurement through 
imaging techniques. A 3-cm tumor size cutoff value is well 
validated as reflecting biological aggressiveness in bladder 
urothelial carcinomas, and the same cutoff value has been 
confirmed in UTUCs by Yan et al.32 Some retrospective 
studies suggested that tumors with PFI may be more likely 
to metastasize and contain more adverse features than tu-
mors with RPI. As highlighted by Park et al,33 the renal 
parenchyma could be considered as a barrier to the system-
atic spread of UTUC. In addition, Park et al showed that 
tumors with RFI had more aggressive features than those 
with RPI, such as positive resection margins, higher tumor 
grades, and sessile tumor architecture.34 The current study 
demonstrated that the trend of OS benefits was consistent 
in patients with RPI or RFI. Our results showed that the 
effectiveness of chemotherapy is not related to the tumor 
size and pattern of invasion.

One limitation of this study is its retrospective design. 
Moreover, details of the treatment regimens, cycles, and 
sequences of chemotherapy were not reported in the SEER 
database. However, in some large population databases, the 
proportions of patients receiving neoadjuvant and adjuvant 
chemotherapy were 3%-5.3% and 13%-25%, respectively.17,19 
The survival benefit of neoadjuvant chemotherapy is mainly 
seen in patients achieving complete response35; complete 
response occurs in 38% of cases of bladder urothelial car-
cinoma35 and only 14% of UTUC cases.36 Moreover, as rec-
ommended by the EAU guidelines, the survival benefits of 
neoadjuvant chemotherapy for UUTC still need to be vali-
dated.2 According to the NCDB database, the proportion of 
patients with pT3-4 or pN+ tumors receiving neoadjuvant 
chemotherapy is only 2.3%.3 We think that our outcomes 
will be relevant for patients with pT3N0M0 who are under 
preparation to receive adjuvant chemotherapy. Also not in-
cluded in the SEER database were particular factors reflect-
ing the aggressiveness of tumors (eg, tumor architecture and 
lymphovascular invasion). We therefore attempted to con-
trol only the observed risk factors with the IPTW-adjusted 

propensity scoring technique, and acknowledge that prospec-
tively designed studies are the best way to resolve this lim-
itation. As previously mentioned, the SEER database did not 
grade tumors according to the World Health Organization/
International Society of Urologic Pathologists (WHO/ISUP) 
coding system; however, the binary method of grading used 
(G1-2 vs G3-4) approximately correlates to the WHO/ISUP 
coding system (low vs high grade).37 It may be thought that 
data from 2005 to 2014 does not sufficiently reflect a con-
temporary study population. This time lag is unavoidable for 
a population-based study, and is ameliorated by the fact that 
treatment of UTUCs staged as T3-4 or N+ did not progress 
much during this time period, especially adjuvant treatment 
after radical nephroureterectomy.38

5  |   CONCLUSION

Chemotherapy may provide a significant OS benefits for 
patients with pT3N0M0 RPUC. The findings of our study 
could strengthen the evidence to use adjuvant chemotherapy 
for this rare group of patients.

ETHICAL APPROVAL AND CONSENT TO 
PARTICIPATE
The data of our study were sought by the SEER database. So, 
the ethical approval is not necessary for our study.

We got approval from the National Cancer Institute to use 
data of patient from SEER database.

ACKNOWLEDGMENTS
We extend our sincere gratitude to the SEER work group.

CONFLICTS OF INTEREST
The authors declare that they have no competing interests.

AUTHOR CONTRIBUTIONS
ZFL, JLH, and ZWL participated in study concepts and de-
sign; ZFL and HCW have contributed to data acquisition; 
ZWL and ZJX have contributed to quality control of data and 
algorithms; ZFL, JLH, and ZWL have contributed to data 
analysis and interpretation; JLH and JXZ have contributed 
to statistical analysis; ZFL, XDL, and YLY participated in 
manuscript preparation and editing; ZWL and JXZ have con-
tributed to manuscript review.

DATA AVAILABILITY STATEMENT
The datasets generated during the current study are available 
in the SEER database, https://seer.cancer.gov/data/.

ORCID
Yunlin Ye   https://orcid.org/0000-0001-5424-7066 
Zhouwei Liu   https://orcid.org/0000-0002-8159-3033 

https://seer.cancer.gov/data/
https://orcid.org/0000-0001-5424-7066
https://orcid.org/0000-0001-5424-7066
https://orcid.org/0000-0002-8159-3033
https://orcid.org/0000-0002-8159-3033


      |  5765LIU et al

REFERENCES
	 1.	 Green DA, Rink M, Xylinas E, et al. Urothelial carcinoma 

of the bladder and the upper tract: disparate twins. J Urol. 
2013;189(4):1214-1221.

	 2.	 Rouprêt M, Babjuk M, Compérat E, et al. European Association 
of Urology guidelines on upper urinary tract urothelial carcinoma: 
2017 update. Eur Urol. 2018;73(1):111-122.

	 3.	 Seisen T, Krasnow RE, Bellmunt J, et al. Effectiveness of adju-
vant chemotherapy after radical nephroureterectomy for locally ad-
vanced and/or positive regional lymph node upper tract urothelial 
carcinoma. J Clin Oncol. 2017;35(8):852-860.

	 4.	 Necchi A, Lo Vullo S, Mariani L, et al. Adjuvant chemotherapy 
after radical nephroureterectomy does not improve survival in pa-
tients with upper tract urothelial carcinoma: a joint study by the 
European Association of Urology-Young Academic Urologists 
and the Upper Tract Urothelial Carcinoma Collaboration. BJU Int. 
2018;121:252-259.

	 5.	 Huang Y-C, Chen M-F, Shi C-S, et al. The efficacy of postopera-
tive adjuvant chemotherapy for patients with pT3N0M0 upper tract 
urothelial carcinoma. J Urol. 2015;194(2):323-329.

	 6.	 Vassilakopoulou M, de la Motte Rouge T, Colin P, et al. Outcomes 
after adjuvant chemotherapy in the treatment of high-risk urothelial 
carcinoma of the upper urinary tract (UUT-UC): results from a large 
multicenter collaborative study. Cancer. 2011;117(24):5500-5508.

	 7.	 Hellenthal NJ, Shariat SF, Margulis V, et al. Adjuvant chemother-
apy for high risk upper tract urothelial carcinoma: results from 
the Upper Tract Urothelial Carcinoma Collaboration. J Urol. 
2009;182(3):900-906.

	 8.	 Ploussard G, Xylinas E, Lotan Y, et al. Conditional survival after 
radical nephroureterectomy for upper tract carcinoma. Eur Urol. 
2015;67(4):803-812.

	 9.	 Leow JJ, Martin-Doyle W, Fay AP, et al. A systematic review and 
meta-analysis of adjuvant and neoadjuvant chemotherapy for upper 
tract urothelial carcinoma. Eur Urol. 2014;66(3):529-541.

	10.	 Birtle A, Johnson M, Chester J, et al. Adjuvant chemother-
apy in upper tract urothelial carcinoma (the POUT trial): a 
phase 3, open-label, randomised controlled trial. The Lancet. 
2020;395(10232):1268-1277.

	11.	 Fajkovic H, Cha EK, Xylinas E, et al. Disease-free survival as a 
surrogate for overall survival in upper tract urothelial carcinoma. 
World J Urol. 2013;31(1):5-11.

	12.	 Tai Y-S, Chen C-H, Huang C-Y, et al. The effect of tumor loca-
tion on oncologic outcomes in patients with upper urinary tract 
urothelial carcinoma stratified by pathologic stage. Urol Oncol. 
2016;34(1):4.e19-4.e25.

	13.	 Cole SR, Hernan MA. Adjusted survival curves with inverse 
probability weights. Comput Methods Programs Biomed. 
2004;75(1):45-49.

	14.	 Austin PC, Stuart EA. Moving towards best practice when using 
inverse probability of treatment weighting (IPTW) using the pro-
pensity score to estimate causal treatment effects in observational 
studies. Stat Med. 2015;34(28):3661-3679.

	15.	 Xie J, Liu C. Adjusted Kaplan-Meier estimator and log-rank test 
with inverse probability of treatment weighting for survival data. 
Stat Med. 2007;26:2276.

	16.	 Rink M, Ehdaie B, Cha EK, et al. Stage-specific impact of tumor 
location on oncologic outcomes in patients with upper and lower 
tract urothelial carcinoma following radical surgery. Eur Urol. 
2012;62(4):677-684.

	17.	 Margulis V, Shariat SF, Matin SF, et al. Outcomes of radical 
nephroureterectomy: a series from the Upper Tract Urothelial 
Carcinoma Collaboration. Cancer. 2009;115(6):1224-1233.

	18.	 Adibi M, Youssef R, Shariat SF, et al. Oncological outcomes 
after radical nephroureterectomy for upper tract urothelial 
carcinoma: comparison over the three decades. Int J Urol. 
2012;19(12):1060-1066.

	19.	 Miyake M, Tatsumi Y, Fujimoto K, et al. Changes in oncological 
outcomes after radical nephroureterectomy in patients with upper 
urinary tract urothelial carcinoma treated in the last two decades: 
a retrospective analysis based on a multicenter collaborative study. 
Jpn J Clin Oncol. 2016;46(12):1148-1155.

	20.	 Shariat SF, Zigeuner R, Rink M, et al. Subclassification of pT3 
urothelial carcinoma of the renal pelvicalyceal system is asso-
ciated with recurrence-free and cancer-specific survival: pro-
posal for a revision of the current TNM classification. Eur Urol. 
2012;62(2):224-231.

	21.	 Boffa DJ, Rosen JE, Mallin K, et al. Using the national can-
cer database for outcomes research: a review. JAMA Oncol. 
2017;3(12):1722-1728.

	22.	 Roscigno M, Cha EK, Rink M, et al. International validation of 
the prognostic value of subclassification for AJCC stage pT3 
upper tract urothelial carcinoma of the renal pelvis. BJU Int. 
2012;110(5):674-681.

	23.	 Wu C-F, Pang S-T, Chen C-S, et al. The impact factors on progno-
sis of patients with pT3 upper urinary tract transitional cell carci-
noma. J Urol. 2007;178(2):446-450, discussion 450.

	24.	 Guo R, Zhu Y, Xiong G, et al. Role of lymph node dissection in the 
management of upper tract urothelial carcinomas: a meta-analysis. 
BMC Urol. 2018;18(1):24.

	25.	 Kondo T, Hashimoto Y, Kobayashi H, et al. Template-based 
lymphadenectomy in urothelial carcinoma of the upper urinary 
tract: impact on patient survival. Int J Urol. 2010;17(10):848-854.

	26.	 Roscigno M, Shariat SF, Margulis V, et al. The extent of lymph-
adenectomy seems to be associated with better survival in patients 
with nonmetastatic upper-tract urothelial carcinoma: how many 
lymph nodes should be removed? Eur Urol. 2009;56(3):512-518.

	27.	 Powles T, Durán I, van der Heijden MS, et al. Atezolizumab versus 
chemotherapy in patients with platinum-treated locally advanced 
or metastatic urothelial carcinoma (IMvigor211): a multicentre, 
open-label, phase 3 randomised controlled trial. The Lancet. 
2018;391(10122):748-757.

	28.	 Rosenberg JE, Hoffman-Censits J, Powles T, et al. Atezolizumab in 
patients with locally advanced and metastatic urothelial carcinoma 
who have progressed following treatment with platinum-based che-
motherapy: a single-arm, multicentre, phase 2 trial. The Lancet. 
2016;387(10031):1909-1920.

	29.	 Massari F, Di Nunno V. Atezolizumab for platinum-treated meta-
static urothelial carcinoma. The Lancet. 2018;391(10122):716-718.

	30.	 Robinson BD, Vlachostergios PJ, Bhinder B, et al. Upper tract urothe-
lial carcinoma has a luminal-papillary T-cell depleted contexture and 
activated FGFR3 signaling. Nat Commun. 2019;10(1):2977.

	31.	 Loriot Y, Necchi A, Park SH, et al. Erdafitinib in locally ad-
vanced or metastatic urothelial carcinoma. N Engl J Med. 
2019;381(4):338-348.

	32.	 Shibing Y, Liangren L, Qiang W, et al. Impact of tumour size on 
prognosis of upper urinary tract urothelial carcinoma after radical 
nephroureterectomy: a multi-institutional analysis of 795 cases. 
BJU Int. 2016;118(6):902-910.



5766  |      LIU et al

	33.	 Park J, Ha SH, Min GE, et al. The protective role of renal pa-
renchyma as a barrier to local tumor spread of upper tract tran-
sitional cell carcinoma and its impact on patient survival. J Urol. 
2009;182(3):894-899.

	34.	 Park J, Park S, Song C, et al. Peripelvic/periureteral fat invasion is 
independently associated with worse prognosis in pT3 upper tract 
urothelial carcinoma. World J Urol. 2013;32(1):157-163.

	35.	 Grossman HB, Natale RB, Tangen CM, et al. Neoadjuvant che-
motherapy plus cystectomy compared with cystectomy alone for 
locally advanced bladder cancer. N Engl J Med. 2003;349:859-866.

	36.	 Matin SF, Margulis V, Kamat A, et al. Incidence of downstag-
ing and complete remission after neoadjuvant chemotherapy 
for high-risk upper tract transitional cell carcinoma. Cancer. 
2010;116(13):3127-3134.

	37.	 Charlton ME, Adamo MP, Sun L, et al. Bladder cancer collaborative 
stage variables and their data quality, usage, and clinical implica-
tions: a review of SEER data, 2004–2010. Cancer. 2014;120(Suppl 
23):3815-3825.

	38.	 Aziz A, Dobruch J, Hendricksen K, et al. Perioperative chemother-
apy in upper tract urothelial carcinoma: a comprehensive review. 
World J Urol. 2017;35(9):1401-1407.

SUPPORTING INFORMATION
Additional supporting information may be found online in 
the Supporting Information section.

How to cite this article: Liu Z, Huang J, Li X, et al. 
The effectiveness of chemotherapy for patients with 
pT3N0M0 renal pelvic urothelial carcinomas: An 
inverse probability of treatment weighting comparison 
using Surveillance, Epidemiology, and End Results 
data. Cancer Med. 2020;9:5756–5766. https://doi.
org/10.1002/cam4.3238

https://doi.org/10.1002/cam4.3238
https://doi.org/10.1002/cam4.3238

