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A B S T R A C T

Purpose: The TNM staging system represents the cornerstone for classifying patients with

upper tract urothelial carcinoma (UTUC). We tested the prognostic impact of pT and pN

stages on cancer-specific mortality (CSM) in a large population-based cohort of surgically

treated patients with UTUC.

Methods: Our analyses relied on 2299 patients treated with nephroureterectomy (NU) or

segmental ureterectomy (SU) for UTUC within nine Surveillance, Epidemiology and End

Results registries between 1988 and 2004. CSM rates after surgery were graphically explored

using Kaplan–Meier plots. Univariable and multivariable Cox regression models tested the

effect of pT and pN stages on CSM, after adjusting for tumour grade, age, gender, primary

tumour location, type and year of surgery.

Results: Five years after surgery, the overall CSM-free survival rate was 77.6%. The 5-year

CSM-free survival rates of pT1N0 (n = 739), pT2N0 (n = 422), pT3N0 (n = 691), pT4N0 (n = 190)

and any T N1–3 (n = 257) were, respectively, 93.5 versus 86.2 versus 64.5 versus 54.7 versus

35.0%. The 5-year CSM-free survival rates of pT1–2N1–3 (n = 41) and pT3–4N1–3 (n = 216) patients

were, respectively, 68.9% and 28.7% (p = 0.006). In multivariable analyses, pT and pN stages

(p < 0.001), as well as tumour grade (p < 0.001), achieved independent predictor status.

Advanced age adversely affected CSM-free survival (p = 0.001). Conversely, tumour location,

gender, year and type of surgery did not exert independent predictor status.

Conclusion: Durable cancer control can be expected in patients treated with NU or SU for

organ-confined (pT1–2) UTUC. Conversely, the presence of non-organ-confined (pT3–4) disease

and/or of nodal metastases (pN1–3) exerts a profound detrimental effect on CSM-free survival.
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1. Introduction

Upper tract urothelial carcinoma (UTUC) accounts for

approximately 10% of all renal tumours and for 5–6% of uro-

thelial tumours, with an incidence of 0.7/100.000 person-

years.1–3 The standard of care for invasive, non-metastatic

UTUC is nephroureterectomy (NU).1,4,5 Segmental ureterec-

tomy (SU) may be performed in select patients.1,3,6,7 Patho-

logic TNM staging represents the cornerstone for

classifying the prognosis of patients with UTUC.1,8,9 As in

other disease models, patients with higher pT stages and/

or the presence of nodal metastases are expected to have

less favourable prognoses.5,10–12

However, to the best of our knowledge, only one large-

scale study that relied on tertiary care centres data examined

the ability of the TNM staging system to predict cancer-spe-

cific mortality (CSM) in patients with UTUC.13 Therefore, we

performed a population-based analysis that focused on the

ability of pT and pN stages to stratify CSM risk after NU or

SU in patients with UTUC.

2. Materials and methods

2.1. Study population

Patients diagnosed with UTUC (ICD-O-2 C65.9 and C66.9

codes) with available TNM stage,9 who underwent either a

NU or a SU between 1988 and 2004 were identified within nine

Surveillance, Epidemiology and End Results (SEER) cancer reg-

istries (n = 2547).14 These include the Atlanta, Detroit, San

Francisco-Oakland and Seattle-Puget Sound metropolitan

areas, as well as the states of Connecticut, Hawaii, Iowa,

New Mexico and Utah. The characteristics of the SEER popu-

lation are comparable to those of the general population of

the United States.14

The cause of death was defined according to SEER-specific

cause of death code (code 29020). For the purpose of this anal-

ysis, deaths from UTUC were coded as cancer-specific events.

All other deaths were considered as other-cause mortality.

Exclusions consisted of patients with distant metastases

(n = 112) and of patients with unavailable tumour grade

(n = 136). Finally, patients with unknown nodal status (pNx;

n = 839) were excluded from the survival analyses. The ratio-

nale for the exclusion of pNx patients was based on the inabil-

ity to know whether these individuals did or did not harbour

lymph node metastases. In consequence, the pN stage could

not have been validated in these individuals.

2.2. Statistical analysis

The Chi-square test and the student t-test were, respectively,

used for comparison of means and proportions. CSM rates

after NU or SU were graphically explored in Kaplan–Meier

plots, after stratification according to pathologically deter-

mined T (pT1N0 versus pT2N0 versus pT3N0 versus pT4N0)

and N stages (pN0 versus pN1–3), as was previously done for

UC of the urinary bladder.15 The log-rank test was used for

comparison of CSM rates between different groups.

Univariable and multivariable Cox regression models ad-

dressed CSM after NU or SU. Covariates consisted of patholog-
ically determined T stage (pT1 versus pT2 versus pT3 versus

pT4), N stage (N0 versus N1–3), tumour grade (I versus II versus

III versus IV), primary tumour location (ureter versus renal

pelvis), type of surgery (NU with bladder cuff versus NU with-

out bladder cuff versus SU), year of surgery, gender (male ver-

sus female) and age. Since pT and pN stages, as well as

tumour grade, may contribute to a multiplicative increase in

CSM rate, we tested three first-degree interactions between

these variables. Specifically, multivariable interaction tests

were performed between pT and pN stages, between T stage

and tumour grade and between N stage and tumour grade.

All reported p-values are two-sided and statistical signifi-

cance was set at 60.05. Statistical analyses were performed

with S-Plus Professional software (MathSoft Inc., Seattle,

Washington).
3. Results

The study population consisted of 2299 patients who under-

went either a NU (n = 2077) or a SU (n = 222) for UTUC between

1988 and 2004 (Table 1). The majority were male (60.5%) and

Caucasian (88.9%). Overall, 1424 (61.9%) and 875 (38.1%) pa-

tients had, respectively, renal pelvic and ureteral tumours.

Stage pT1 was recorded in 32.7% of patients at NU or SU. Con-

versely, stage pT4 was recorded in the 11.0% of cases. The pro-

portion of patients with nodal metastases was 11.2%. Most

patients had grade III UTUC (41.8%), followed by grade II

UTUC (33.8%). The majority of patients underwent a NU with

bladder cuff removal (60.9%). NU without bladder cuff re-

moval was performed in 29.4% of patients. Finally, 9.7% of pa-

tients underwent a SU.

The characteristics of excluded patients (pNx; n = 839) are

given in Table 1. Overall, significant differences between the

study population (pN0 and pN1–3 patients) and patients with

unknown nodal status (pNx) were recorded relative to SEER

registries (p < 0.001), race (p = 0.01), type and year of surgery

(p = 0.003 and p < 0.001, respectively), tumour grade distribu-

tion (p = 0.005) and length of follow-up (p < 0.001).

When data were stratified according to primary tumour

location (renal pelvis versus ureter), statistically significant

differences were observed in pT stage distribution (Table 1).

For example, 44.2% of patients with renal pelvic tumours

had pT3 disease versus 24.7% of patients with ureteral tu-

mours (p < 0.001). Similar differences were recorded for pN

stage distribution. Specifically, 13.1% of patients with renal

pelvic tumours had nodal metastases versus 8.0% of patients

with ureteral tumour (p < 0.001). Interestingly, a larger propor-

tion of males had ureteral tumours (40.5%), relative to females

(34.4%; p = 0.003). Finally, ureteral tumours were in general

treated surgically at more advanced age than renal pelvic tu-

mours (p = 0.002).

When data were stratified according to surgery type (NU

with bladder cuff removal versus NU without bladder cuff re-

moval versus SU), statistically significant differences were ob-

served in pT stage distribution (54.0 versus 41.1 versus 75.7%

of pT1–2 UTUC; p < 0.001), in tumour grade distribution (57.9

versus 68.3 versus 53.6% of grades III–IV tumours; p < 0.001)

and in gender distribution (58.4 versus 61.6 versus 70.7% of

males; p = 0.002).



Table 1 – Characteristics of the study population of patients diagnosed with upper tract urothelial carcinoma who were
treated with nephroureterectomy or segmental ureterectomy with (n = 2299) or without (n = 839) lymphadenectomy
between 1988 and 2004. Patients with known nodal stage (pN0 and pN1–3) were stratified according to primary tumour
location (renal pelvis versus ureter).

Study population
(known nodal stage;

pN0 and pN1–3)

Renal
pelvis UC

Ureteral
UC

p-Valuea Excluded patients
(unknown nodal stage;

pNx)

p-Valueb

Number of patients 2299 1424 875 – 839 –

Age (years)

Mean (Median) 71.0 (72.0) 70.5 (71.0) 71.9 (73.0) 0.002d 72.2 (73.0) 0.3d

Range 27–99 27–99 29–94 37–98

Age group

<49 82 (3.6%) 66 (4.6%) 16 (1.8%) <0.001c 23 (2.7%) 0.1c

50–59 237 (10.3%) 163 (11.4%) 74 (8.5%) 69 (8.2%)

60–69 600 (26.1%) 374 (26.3%) 226 (25.8%) 212 (25.3%)

70–79 882 (38.4%) 517 (36.3%) 365 (41.7%) 326 (38.9%)

>80 498 (21.7%) 304 (21.3%) 194 (22.2%) 209 (24.9%)

Gender

Male 1391 (60.5%) 828 (58.1%) 563 (64.3%) 0.003c 496 (59.1%) 0.5c

Female 908 (39.5%) 596 (41.9%) 312 (35.7%) 343 (40.9%)

SEER registries

San Francisco-Oakland 331 (14.4%) 251 (13.1%) 181 (14.8%) 0.06c 101 (12.0%) <0.001c

Connecticut 372 (16.2%) 283 (14.8%) 197 (16.1%) 108 (12.9%)

Metropolitan Detroit 453 (19.7%) 368 (19.2%) 214 (17.5%) 129 (15.4%)

Hawaii 142 (6.2%) 91 (4.8%) 76 (6.2%) 25 (3.0%)

Iowa 292 (12.7%) 278 (14.5%) 177 (14.4%) 163 (19.4%)

New Mexico 122 (5.3%) 75 (3.9%) 63 (5.1%) 16 (1.9%)

Seattle 364 (15.8%) 355 (18.6%) 193 (15.0%) 184 (21.9%)

Utah 59 (2.6%) 85 (4.4%) 40 (3.3%) 66 (7.9%)

Metropolitan Atlanta 164 (7.1%) 127 (6.6%) 84 (6.9%) 47 (5.6%)

Race

Caucasian 2004 (88.9%) 1255 (88.1%) 789 (90.2%) 0.1c 772 (92.0%) 0.01c

Other 255 (11.1%) 169 (11.9%) 86 (9.8%) 67 (8.0%)

Type of surgery

NU with bladder cuff 1400 (60.9%) 859 (60.3%) 541 (61.8%) <0.001c 551 (65.7%) 0.003c

NU without bladder cuff 677 (29.4%) 565 (39.7%) 112 (12.8%) 196 (23.4%)

Segmental ureterectomy 222 (9.7%) 0 (0) 222 (25.4%) 92 (11.0%)

Year of surgery

1988–1994 801 (34.8%) 512 (36.0%) 289 (33.0%) 0.03c 403 (48.0%) <0.001c

1995–1999 655 (28.5%) 419 (29.4%) 236 (27.0%) 277 (33.0%)

2000–2004 843 (36.7%) 493 (34.6%) 350 (40.0%) 159 (19.0%)

pT stage

pT1 752 (32.7%) 428 (30.1%) 324 (37.0%) <0.001c 258 (30.8%) 0.3c

pT2 450 (19.6%) 196 (13.8%) 254 (29.0%) 149 (17.8%)

pT3 845 (36.7%) 629 (44.2%) 216 (24.7%) 332 (39.6%)

pT4 252(11.0%) 171 (12.0%) 81 (9.3%) 100 (11.9%)

pN stage

pN0 2042 (88.8%) 1237 (86.9%) 805 (92.0%) <0.001c – –

pN1–3 257 (11.2%) 187 (13.1%) 70 (8.0%) –

Tumour grade

Grade I 129(5.6%) 72 (5.1%) 57 (6.5%) 0.2c 48 (5.7%) 0.005c

Grade II 778 (33.8%) 467 (32.8%) 311 (35.5%) 286 (34.1%)

Grade III 961 (41.8%) 612 (43.0%) 349 (39.9%) 391 (46.6%)

Grade IV 431 (18.7%) 273 (19.2%) 158 (18.1%) 114 (13.6%)

Follow-up (months) of censored patients

Mean (Median) 55.9 (39.0) 61.3(45.0) 55.4 (39.0) 0.05d 67.1 (50.5) <0.001d

Range 0.1–203 0.1–203 0.1–203 0.1–201

UC: urothelial carcinoma; NU: nephroureterectomy and SEER: Surveillance, Epidemiology and End Results.

a Comparisons were made between patients with renal pelvis UC and patients with ureteral UC.

b Comparisons were made between patients with known nodal stage (pN0 and pN1–3) and patients with unknown nodal stage (pNx).

c Chi-square test.

d Student t-test.
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In the overall population, the CSM-free rates at 1, 3 and 5

years were, respectively, 91.0%, 80.6% and 77.6% (Fig. 1A).
After stratification for pT and pN stages, the 5-year CSM-free

survival rates were 93.5 versus 86.2 versus 64.5 versus 54.7



Fig. 1 – Kaplan–Meier plots assessing cancer-specific mortality (CSM) rates in surgically treated patients with upper tract

urothelial carcinoma. (A) Illustrates the CSM-free survival in the entire cohort of 2299 patients. (B) Stratifies the CSM-free rates

according to pT stages and the presence of nodal metastases (pN1–3). Log-rank tests comparing CSM-free survival rates were

all significant (all p-values <0.001, except for comparison between pT3 and pT4: p = 0.02). (C) Stratifies the CSM-free rates

according to pT1–2 versus pT3–4 stage in patients with established nodal metastases (pN1–3).
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versus 35.0% for, respectively, pT1N0, pT2N0, pT3N0, pT4N0 and

any pT N1–3 patients (log-rank test: all p-values <0.001, except
for the comparison between pT3 and pT4 tumours: p = 0.3)

(Fig. 1B). Of all patients, 257 (11.3%) had nodal metastases



Table 2 – Univariable and multivariable analyses addressing cancer-specific mortality in the population of surgically
treated patients with upper tract urothelial carcinoma with known T and N stages (n = 2299).

Variables Patients with known T and N stages (n = 2299)

UVA analysis MVA analysis

HR; p-value

T stage p < 0.001 p < 0.001

pT2 versus pT1 2.35; <0.001 1.99; 0.001

pT3 versus pT1 6.09; <0.001 4.06; <0.001

pT4 versus pT1 8.27; <0.001 5.49; <0.001

N stage

pN1–3 versus pN0 4.78; <0.001 2.59; <0.001

Tumour grade p < 0.001 p < 0.001

II versus I 2.43; 0.03 1.72; 0.2

III versus I 6.42; <0.001 2.97; 0.009

IV versus I 7.48; <0.001 3.14; 0.008

Age group p < 0.001 p = 0.001

50–59 versus <49 1.02; 0.1 1.55; 0.2

60–69 versus <49 2.51; 0.01 2.00; 0.05

70–79 versus <49 2.56; 0.01 2.01; 0.05

>80 versus <49 3.56; 0.001 2.92; 0.003

Year of diagnosis p = 0.12 p = 0.07

1995–1999 versus 1988–1994 1.21; 0.09 1.08; 0.5

2000–2004 versus 1988–1994 0.96; 0.8 0.80; 0.09

Surgery type p < 0.001 p = 0.2

NU without bladder cuff versus NU with bladder cuff 1.63; <0.001 1.21; 0.08

Segmental ureterectomy versus NU with bladder cuff 0.74; 0.1 1.01; 0.9

Gender

Female versus male 1.20; 0.06 0.99; 0.9

Primary tumour location

Ureter versus Renal pelvis 0.70; 0.001 0.97; 0.8

UVA: univariable, MVA: multivariable, HR: hazard ratio and NU: nephroureterectomy.
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(pN1–3). Of those, 41 (16%) had organ-confined (pT1–2) UTUC

and 216 (84.0%) had non-organ-confined (pT3–4) UTUC. The

5-year CSM-free survival rate of pT1–2N1–3 patients was

68.9% versus 28.7% for pT3–4N1–3 patients (log-rank test:

p = 0.006) (Fig. 1C).

In multivariable Cox regression analyses, the rate of CSM

increased according to pT stage (Table 2). Specifically, patients

with pT2, pT3 and pT4 UTUC were 2.0 (p = 0.001), 4.1 (p < 0.001)

and 5.5 (p < 0.001) times more likely to succumb to UTUC than

patients with pT1 UTUC. Patients with nodal metastases (pN1–

3) were 2.6 times (p < 0.001) more likely to die of UTUC, relative

to their counterparts without nodal metastases. Interestingly,

the location of the primary tumour failed to achieve indepen-

dent predictor status (HR: 0.97; p = 0.8). Conversely, elevated

tumour grade was associated with higher likelihood of CSM.

For example, patients with grade III UTUC were 3.0 times

(p = 0.009) more likely to die of UTUC than patients with grade

I tumours. Increasing age was also associated with more ele-

vated CSM rates. For example, patients aged 70–79 years were

2.0 times (p = 0.05) more likely to die of UTUC than their coun-

terparts aged less than 49 years. Finally, the surgery type (NU

with bladder cuff removal versus NU without bladder cuff re-

moval versus SU) did not affect the CSM-free rates, after con-

trolling for other covariables. All tests of first-degree
interactions (pT stage and pN stage, pT stage and tumour

grade, and pN stage and tumour grade) failed to achieve sta-

tistical significance.

4. Discussion

Nephroureterectomy (NU) represents the treatment modality

of choice for patients with UTUC.1,4,5 Segmental ureterectomy

(SU) may be performed in select patients.1,3,6,7 To date, only

one large-scale series from a multi-institutional tertiary care

centres database assessed the survival rates after NU for

UTUC.13 In the current series of 2299 patients, we examined

the CSM rates after NU or SU. The overall rate of CSM-free sur-

vival was 77.6% 5 years after surgery. Since most cancer-re-

lated deaths occur within 2–3 years after surgery, a 77.6%

survival rate confirms the validity of NU and SU as effective

cancer control measures.

Our study also demonstrated that the pathologically

determined T and N stages can accurately discriminate the

CSM-free survival of patients with UTUC. Of 2299 patients,

739 had pT1N0 versus 422 had pT2N0 versus 691 had pT3N0

versus 190 had pT4N0 versus 257 had any T N1–3 disease.

The 5-year CSM-free survival rates of these four mutually

exclusive categories were, respectively, 93.5 versus 86.2
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versus 64.5 versus 54.7 versus 35.0%. This demonstrated that

pathological T stage is a powerful discriminant of CSM-free

survival. Moreover, our data indicated that the presence of

established nodal metastases strongly predisposes to higher

CSM rates than pT3 or pT4 stage. It is of interest that all pT

stages are statistically significantly different from one an-

other, when CSM is considered. This even applies to pT3

and pT4 tumours, which confirms the validity of current

pT substages.

When analyses were restricted to patients with estab-

lished nodal metastases (pN1–3, n = 257), the presence of or-

gan-confined T stage (pT1–2) exerted a protective effect on

CSM rates, relative to patients with non-organ-confined

(pT3–4) UTUC (log-rank test: p = 0.006). Therefore, non-organ-

confined disease is also an important determinant of progno-

sis, even in the presence of nodal metastases.

The importance of pT and pN stages was confirmed in

multivariable models, where, for example, pT3 stage in-

creased the rate of CSM in a 4.1-fold fashion, and the pres-

ence of nodal metastases (pN1–3) increased the rate of CSM

in a 2.6-fold fashion. Although it may be suspected that

the combination of pT and pN stages, or the combination

of pT stage and grade, or the combination of pN stage and

grade may increase the rate of CSM in a multiplicative fash-

ion, this was not the case as evidenced by the lack of statis-

tical significance between the three tested first-degree

interactions.

Younger age exerted a protective effect on CSM rates. It is

possible that older patients had more aggressive tumours,

since our analysis did adjust for stage and grade. This phe-

nomenon may be explained by greater reluctance to perform

NU or SU in elderly patients.5,16 Finally, our results indicated

that grade is a powerful predictor of CSM, which is consistent

with previous data.5,8,12 It is noteworthy that, in multivariable

Cox regression models, there was no difference in CSM rates

between grade 1 and grade 2 tumours, as well as between

grade 3 and grade 4 tumours. Conversely, there was an impor-

tant CSM difference between grades 1–2 and grades 3–4 tu-

mours. This observation supports the currently

recommended two-tiered World Health Organisation-Interna-

tional Society of Urological Pathology (WHO-ISUP) grading

system, which divides urothelial tumours into low grade ver-

sus high grade.17

It is also noteworthy that the effect of NU with bladder cuff

removal versus NU without bladder cuff removal on CSM was

relatively weak in the current analysis (HR: 1.2; p = 0.08). The

same limitation was recently reported by Capitanio and col-

leagues in a large-scale tertiary care centres dataset, where

patients who underwent a NU with bladder cuff removal

fared no differently from NU patients.18 Lack of important ef-

fect on CSM may result from selection biases, whereby high-

risk patients are treated with NU with bladder cuff removal

and low-risk patients are treated with NU alone. Only a ran-

domised-controlled trial addressing NU with bladder cuff re-

moval versus NU without bladder cuff removal may validly

assess the benefit of this procedure at NU.

Besides the main findings, our results also demonstrated

statistically significant differences in pT and pN stages dis-

tribution (p < 0.001), in median age at diagnosis (p = 0.002)

and in gender distribution (p = 0.003), when patients were
stratified according to primary tumour location (renal pelvis

versus ureter). Unfortunately, the scope and the signifi-

cance of these differences cannot be examined in greater

detail, due to the population-based nature of our study.

Nonetheless, these associations warrant closer examination

in future studies and may represent surgical selection

biases.

Several limitations apply to our study. It is possible that

some individuals who were censored may have moved out

of the SEER registry and died of their disease. Unfortunately,

the effect of this type of loss to follow-up is not known in

either this or any other previous SEER database study. More-

over, the SEER database lacks details about pathological spec-

imen handling. Tumour evaluations may have been

performed with some variability, according to centres. There-

fore, the stage findings are representative of a real-life phe-

nomenon, but cannot be compared to clinical trials or

prospective studies, where detailed pathologic review is per-

formed. Additionally, UTUC tends to be multifocal.19 Unfortu-

nately, the SEER database provides no information about

disease focality. Similarly, we did not have information about

previous bladder cancer diagnoses and eventual recur-

rences.20–22 The lack of this information prevents us to adjust

the incidence of UTUCs according to a monoclonal origin

assumption, as suggested by Aben and colleagues.23 We also

lacked information about previous surgical treatments. For

example, the survival of patients treated with cystectomy

previously may be different from that of patients treated with

upfront NU.22 Similarly, patients treated with endourologic

surgeries previously may have different natural history than

patients who were treated with immediate NU or SU.24,25 Fi-

nally, the SEER database contains no information about the

extent of the lymph node dissection that was performed at

NU or SU. It is possible that some patients underwent more

extensive lymph node dissections than others. Therefore, this

variability in lymph node dissection extent may undermine

the value of the current pN stage. Standardisation of lymph

node dissection may therefore improve the prognostic ability

of pN stage and should represent a focus of future prospective

trials.

In conclusion, durable cancer control can be expected in

patients with organ-confined (pT1–2) UTUC. Conversely, the

presence of non-organ-confined (pT3–4) disease and/or of no-

dal metastases (pN1–3) exerts a profound detrimental effect

on CSM-free survival of patients treated with NU or SU for

UTUC.
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