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A b s t r a c t
To verify prognostic significance of the 2004 

World Health Organization (WHO)/International 
Society of Urological Pathology (ISUP) grading 
systems, we retrospectively studied the tumors of 
1,515 patients who underwent transurethral resection 
of primary non–muscle-invasive urothelial tumors 
(pTa, 1,006 patients; pT1, 509 patients) confined to 
the bladder. Cases were classified according to the 
2004 WHO/ISUP systems as 212 cases of papillary 
urothelial neoplasm of low malignant potential 
(PUNLMP), 706 low-grade papillary urothelial 
carcinomas (LPUCs), and 597 high-grade papillary 
urothelial carcinomas (HPUCs). PUNLMP showed 
the statistically significantly lowest recurrence 
cumulative incidence compared with the other tumor 
types. There were significant differences and trends 
for higher progression and cancer-specific mortality 
cumulative incidence in the following order: PUNLMP, 
LPUC, pTa HPUC, and pT1 HPUC. No differences of 
progression and cancer-specific mortality cumulative 
incidence were found between pTa and pT1 LPUC. Our 
study validates the usefulness of the 2004 WHO/ISUP 
system to classify urothelial tumors into prognostically 
distinct categories that would contribute to the design 
of therapeutic and monitoring strategies for patients 
with non–muscle-invasive bladder urothelial tumors.

The grading of papillary urothelial neoplasms has been 
a long-standing issue of debate. Among numerous grading 
systems, the 1973 World Health Organization (WHO) system 
is the most commonly used.1 However, a major limitation is 
its arbitrary definitions. In 1998, the International Society of 
Urological Pathology (ISUP) proposed a new grading sys-
tem,2 which was adopted in large measure by the WHO in 
2004.3 The new 2004 WHO/ISUP scheme, with the strength 
of clear-cut criteria for each entity and the aim of eliminating 
subjective and arbitrary interpretation, greatly improves the 
ambiguous language that marked the 1973 WHO system.

In this study, we evaluated the efficiency of the 2004 
WHO/ISUP classification for prediction of recurrence, progres-
sion, and cancer-specific mortality. The usefulness of the 2004 
WHO/ISUP system has been described in a few reports, with 
sample size varying from 49 to 504 cases.4-12 We collected a 
large cohort of patients with primary bladder non–muscle-inva-
sive (pTa and pT1) urothelial tumors treated by transurethral 
resection (TUR). The large sample permitted us to stratify cases 
to procure detailed information from different strata.

Materials and Methods

Study Subjects

This study was approved by the institutional review 
board of Taipei Veterans General Hospital, Taipei, Taiwan 
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(No. 96-06-10A). During the 15-year period from 1991 to 
2005, a total of 2,191 patients at Taipei Veterans General 
Hospital received a pathology diagnosis of bladder urothelial 
tumor. Of these, a total of 1,515 patients (1,307 men and 208 
women) had non–muscle-invasive tumors confined to the 
bladder, without primary urothelial neoplasms elsewhere. 
They were treated by TUR with or without intravesical instil-
lation (IVI). Patients who underwent partial or radical cys-
tectomy were not included in this study. To minimize inter-
observer variability, all pathology material was reviewed by 
1 investigator (C.-C.P). Tumors were reviewed and graded 
according to the 2004 WHO/ISUP classification as papillary 
urothelial neoplasm of low malignant potential (PUNLMP), 
low-grade papillary urothelial carcinoma (LPUC), or high-
grade papillary urothelial carcinoma (HPUC) ❚Image 1❚. 
Information regarding multiplicity was obtained from sur-
gery notes and pathology reports.

Complete management records of adjuvant therapy were 
available for 874 patients. A total of 592 patients received IVI. 
IVI included thiotepa for 4 patients, mitomycin-C for 300, 
epirubicin for 61, doxorubicin for 29, and bacillus Calmette-
Guérin for 97. The remaining patients received a combination 
of the aforementioned regimens.

Patient Follow-up
The follow-up protocol was composed chiefly of periodic 

cystoscopy every 3 months for 3 years, followed by every 6 
months for 2 years and then yearly for 5 years. Follow-up 
records were obtained by reviewing the medical records, the 
pathology archive, and the cancer registry file of the cancer reg-
istry center of our institute. Recurrence was defined as the reap-
pearance of histopathologically confirmed urothelial neoplasm 
in the bladder. Cases with recurrence within 3 months of prima-
ry diagnosis were excluded, owing to the possibility of residual 

A B

C
❚Image 1❚ Samples of papillary urothelial neoplasm of low 
malignant potential (A, H&E, ×200), low-grade papillary 
urothelial carcinoma (B, H&E, ×200), and high-grade papillary 
urothelial carcinoma (C, H&E, ×200).
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tumor rather than true recurrence. Progression was defined as 
an advance in stage, diagnosis of metastasis, or death caused 
by tumor. Prior recurrence rate (primary; recurrent ≤1 recur-
rence per year; recurrent >1 recurrence per year) was defined as 
previously.13 Patients who were alive and without the event of 
interest (recurrence, progression, and cancer-specific mortality) 
were censored at the last date of follow-up. Deaths before the 
event of interest were analyzed as a competing risk.

Statistical Analysis
Relations between parameters were examined by using the 

Fisher exact test or χ2 test. The distribution of age among grades 
was assessed by 1-way analysis of variance and Scheffe com-
parison. Time to event distributions were estimated by means of 
cumulative incidence functions to properly take into account the 
patients who died (competing risk) before the end point of inter-
est. Given the presence of competing risk, it is more appropriate 
to report cumulative incidence curves rather than disease-free 
Kaplan-Meier curves.14 Considering sample size and effect of 
IVI, we performed survival analysis first on the entire data set 
(1,515 patients) and then focused on cases with available man-
agement records (874 patients). Statistical analyses were com-
puted with the Stata software program (Stata, College Station, 
TX) or R Project for Statistical Computing supplemented with 
Cmprsk library (http://www.r-project.org).

Results

The case numbers of PUNLMP, pTa LPUC, pT1 LPUC, 
pTa HPUC, and pT1 HPUC were 212 (14.0%), 603 (39.8%), 
103 (6.8%), 191 (12.6%), and 406 (26.8%), respectively. 
Patient age ranged from 23 to 92 years, with a mean of 71 
years. The mean ± SD age of patients with PUNLMP was 65.4 
± 14.6 years, for patients with LPUC was 71.0 ± 9.8 years, and 
for patients with HPUC was 72.6 ± 9.6 years. Differences in 
age between these subtypes were statistically significant (P < 
.0001 for PUNLMP vs the other 2 groups; P = .022 for LPUC 
vs HPUC). There was a statistically significant positive cor-
relation between grade and pT stage (P < .0001). The mean 
follow-up times were 81 months (range, 1-215 months; median, 
74 months) for patients who were alive and 43 months (range, 
1-182 months; median, 33 months) for patients who died.

A total of 425 patients (28.1%) had multiple tumors, 
and 52 (3.4%) had simultaneous carcinoma in situ. The latter 
may be an underestimate because not all patients underwent 
biopsy of the bladder mucosa at the time of tumor resection 
to find flat lesions.

Incidence of Recurrence, Progression, and Cancer-
Specific Mortality

A total of 484 patients (31.9%) experienced recurrence. 
The incidence rates of recurrence for PUNLMP, LPUC, and 

HPUC were 17.9%, 35.0%, and 34.0%, respectively. The 
incidence of recurrence for PUNLMP was significantly lower 
(P < .0001) than that for the other types. When all grades were 
considered, there was no significant difference in recurrence 
between pTa and pT1 tumors (31.0% vs 33.0%). Patients 
with multiple tumors showed significantly higher recurrence 
(47.1%) than those with single tumors (26.0%) (P < .0001). 
IVI in patients with LPUC reduced the incidence of recurrence 
from 41.0% to 31.8% (P = .031). However, IVI did not modify 
the risk of recurrence for PUNLMP or HPUC.

A total of 222 patients (14.7%) experienced tumor progres-
sion. Tumors progressed in 1.9%, 6.5%, and 28.8% of patients 
with PUNLMP, LPUC, and HPUC, respectively, and in 8.0% 
and 26.9% of pTa and pT1 tumors, respectively. Differences in 
progression incidence between paired grades and pT stage were 
all statistically significant (P < .0001). IVI reduced the overall 
progression rate from 17.4% to 10.0% (P = .001).

None of the patients with PUNLMP died of the disease. 
Of patients with initial diagnoses of LPUC and HPUC, 2.0% 
and 21.9%, respectively, eventually died of these cancers. 
The incidences of cancer-specific mortality were 3.0% and 
22.0% for pTa and pT1 tumors, respectively. Differences 
in cancer-specific mortality rates were significant between 
paired grades and pT stage (P < .0001). IVI reduced the inci-
dence of cancer-specific mortality from 11.8% to 5.1% of all 
cases (P = .0002).

Univariate and Multivariate Analyses
The recurrence cumulative incidence plot stratified by 

tumor grade and pT stage ❚Figure 1A❚ revealed that PUNLMP 
showed the lowest cumulative incidence, whereas the cumula-
tive incidence curves for LPUC and HPUC overlapped with 
each other. The cumulative incidence plots for progression 
❚Figure 1B❚ and cancer-specific mortality ❚Figure 1C❚ showed 
that patients with PUNLMP had the lowest cumulative inci-
dence, followed by patients with LPUC, in which pTa and 
pT1 did not differ significantly, and then pTa HPUC and pT1 
HPUC, in order.

If only pTa tumors were considered, PUNLMP showed 
significant lower recurrence cumulative incidence than LPUC 
and HPUC ❚Figure 2A❚. There were significant differences 
in the cumulative incidence of progression ❚Figure 2B❚ and 
cancer-specific mortality ❚Figure 2C❚ between PUNLMP and 
LPUC, and between LPUC and HPUC.

❚Table 1❚ summarizes the results of univariate and mul-
tivariate statistical analyses based on the 1,515 patients. 
Univariate analysis showed that tumor grade, pT stage, patient 
age, multiplicity, and prior recurrence rate were significant 
risk factors for recurrence. pT and patient age were removed 
from the multivariate model, owing to lack of independent 
significance. Tumor grade, pT, and patient age were significant 
prognostic factors for progression by univariate analysis and 
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by stepwise multivariate regression analysis. Both univariate 
and multivariate analyses demonstrated that high-grade tumor 
and pT were associated with cancer-specific mortality.

❚Table 2❚ lists the results of univariate and multivariate 
statistical analyses limited to the 874 patients with available 
record of IVIs. Probably due to shrinkage of sample size, there 
was variation about the significance of certain variables, yet 
most factors retained significance. Multivariate analysis dem-
onstrated a statistically significant protective effect of IVI on 
recurrence (relative risk, 0.74; P = .015), progression (relative 
risk, 0.43; P < .0001), and cancer-specific mortality (relative 
risk, 0.28; P < .0001).

Discussion

Recurrence rates for non–muscle-invasive urothelial 
carcinoma reportedly vary between 15% and 70%.15 The 

probability of progression ranges from 7% to 40%.13 The 
recurrence rate and progression rate of this series fell within 
the ranges. It is noted that we adopted a more conservative 
approach to interpreting recurrence. While some authors 
defined fulgurated lesions without pathologic material and 
resected lesions with pathologic diagnosis as recurrence,16-19 
we only considered histopathologically proven cases. The 
recurrence rate of our series (32.0%) is similar to that reported 
in the series by Oosterhuis et al,8 who also considered only 
histopathologically confirmed recurrences (34%). Without 
pathologic confirmation, it cannot be definitely ascertained 
whether the cystoscopically “suspicious” lesions represent a 
true neoplasm or an inflammatory process such as papillary 
hyperplasia or cystitis. Although the recurrence rate in the 
series was lower than in some prior studies, we believe that 
it reflected definitive recurrences with the neoplastic nature 
verified histopathologically.
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❚Figure 1❚ Cumulative incidence plots of recurrence (A), 
progression (B), and cancer-specific mortality (C) for patients 
with non–muscle-invasive bladder tumors of different grades 
and stages. HPUC, high-grade papillary urothelial carcinoma; 
LPUC, low-grade papillary urothelial carcinoma; PUNLMP, 
papillary urothelial neoplasm of low malignant potential.
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Although the 2004 WHO/ISUP classification adopts a 
unified definition for each urothelial tumor entity, it is still 
under discussion whether this advantage can be translated 
to clinical relevance. Cheng et al5 studied 105 patients who 
underwent cystectomy and found that WHO/ISUP grade 
at TUR was associated with pT stage at cystectomy. Desai 
and coworkers6 analyzed 120 non–muscle-invasive bladder 
urothelial tumors and reported that WHO/ISUP grade cor-
related with tumor stage, recurrence, and progression when 
analyzed as papilloma and PUNLMP vs LPUC vs HPUC. 
Pich and coworkers9 studied 19 cases of PUNLMP and 43 
cases of pTa LPUC. Similarly, Alsheikh et al4 studied 20 
cases of PUNLMP and 29 of LPUC. The series by Pich 
et al9 and Alsheikh et al4 revealed a higher rate for recur-
rence, progression, and cancer-specific mortality for LPUC 
compared with PUNLMP. Samaratunga et al10 studied 124 
pTa bladder tumors but did not identify the significance of 
differences in recurrence among the WHO/ISUP grades. 
Oosterhuis et al8 studied 322 patients with primary pTa bladder 
tumors and found a small yet significant difference in 5-year 
progression-free survival between PUNLMP and HPUC; how-
ever, 5-year progression-free survival was not significantly 

different between grades. Yin and Leong12 studied 84 cases 
of pTa bladder urothelial tumors and found that recurrence 
rates at 36 months significantly differed between PUNLMP 
and LPUC and between LPUC and HPUC. Holmäng and 
Johansson7 reviewed 555 surgically treated patients with renal 
pelvis or ureteral urothelial tumors. They noted a significant 
difference in survival between LPUC and HPUC, but not 
between PUNLMP and LPUC. However, when stage was 
taken into consideration, the prognostic value of histologic 
grade was limited to high-grade, stage T3 cancers. Schned et 
al11 analyzed 504 patients with pTa bladder urothelial tumors. 
The authors found that survival times decreased progressively 
from PUNLMP to HPUC and concluded that the WHO/ISUP 
system has several advantages: more detailed diagnostic 
criteria, the ability to define a lesion with minimal malignant 
potential, and the ability to discern a larger group of patients 
needing closer surveillance.

One of the shortcomings of prior studies, which preclud-
ed arriving at convincing evidence for the grading system’s 
clinical relevance, was limited sample size and case composi-
tion. Many series only included pTa tumors, and tumor grade 
was not always considered together with stage. In the present 
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❚Figure 2❚ Cumulative incidence plots of recurrence (A), 
progression (B), and cancer-specific mortality (C) for patients 
with pTa bladder tumors of different grades. HPUC, high-
grade papillary urothelial carcinoma; LPUC, low-grade 
papillary urothelial carcinoma; PUNLMP, papillary urothelial 
neoplasm of low malignant potential.
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study, we recruited a statistically sufficient number of cases 
that had long-term follow-up. We stratified cases into every 
grade and stage. Each subgroup contained more than 100 
cases. Thus, we were able to compare all important end points 
of observation pertinent to non–muscle-invasive bladder can-
cer among different subsets.

The results of the present study establish the efficacy of 
the 2004 WHO/ISUP classification of urothelial carcinoma. 
Tumor grade was the single salient factor that remained in 
all 3 multivariate regression models for recurrence, progres-
sion, and cancer-specific mortality. In terms of recurrence, 
PUNLMP showed the significantly lowest recurrence rate and 
excelled against all other groups. After segregating PUNLMP, 
the other subgroups did not show significant differences in 
recurrence. Regarding progression and cancer-specific mor-
tality, cumulative incidence curves showed an apparent trend 
of worsening prognosis with higher grade and advancing 
stage. Compared with stage, tumor grade was more predictive 
of progression and cancer-specific mortality. The biologic 
behavior of urothelial tumors is first determined by grade, 
then by stage within the same grade. Tumors of higher grade 
generally behave more aggressively than those of lower grade, 
regardless of stage. It is exemplified by the small group of 

pT1 LPUCs that accounted for 7.0% of all cases and 15.1% 
of LPUCs in our series. These LPUCs, even with lamina 
propria invasion, did not significantly differ from noninvasive 
LPUCs and still had a better prognosis than noninvasive pTa 
HPUCs in terms of progression and cancer-specific mortality. 
Although we did not substage the lamina propria invasion, it 
is plausible that the unusual lamina propria invasion in LPUC 
is focal and does not affect the prognosis greatly. On the 
contrary, HPUC generally portends a higher risk, even before 
acquiring the ability of invasion. When only pTa tumors were 
considered, there were also significant differences between 
PUNLMP, LPUC, and HPUC, suggesting that before inva-
sion, histologic grade still had a major role in determining the 
biologic behavior of the tumor.

Our study addressed the legitimacy of PUNLMP as a sep-
arate entity. PUNLMPs, when diagnosed strictly by the new 
criteria, showed a low propensity to recur and a negligible risk 
of progression and never resulted in tumor-related death. The 
indolent character of PUNLMP justifies removal of the label 
of carcinoma, instead designating it as a neoplasm.

A limitation of the present study was its retrospective 
nature. Some potentially deleterious conditions and factors that 
can influence outcome, such as tumor size and concomitant 

❚Table 1❚
Univariate and Stepwise Multivariate Regression Analyses for Recurrence, Progression, and Cancer-Specific Mortality in 1,515 
Non–Muscle-Invasive Bladder Tumors Without Considering Intravesical Instillation

  Univariate Multivariate

Variable P RR (95% CI) P RR (95% CI)

Recurrence    
   Grade    
      PUNLMP (Reference)  (Reference) 
      LPUC <.0001 2.21 (1.58-3.11) <.0003 1.83 (1.39-2.42)
      HPUC <.0001 2.63 (1.87-3.72) <.0001 2.04 (1.53-2.72)
   pTa vs pT1 .0063 1.31 (1.11-1.52) Removed 
   Patient age .0027 1.02 (1.01-1.03) Removed 
   Multiplicity <.0001 2.24 (1.92-2.61) <.0001 1.98 (1.69-2.32)
   Prior recurrence rate <.0001 3.14 (2.70-3.66)  <.0001 2.92 (2.44-3.49)
Progression    
   Grade    
      PUNLMP (Reference)  (Reference) 
      LPUC .014 3.58 (1.29-9.96) .038 2.95 (1.25-6.96)
      HPUC <.0001 19.5 (7.24-52.63) <.0001 12.4 (5.29-29.08)
   pTa vs pT1 <.0001 3.80 (3.03-4.76) .0044 1.56 (1.21-2.01)
   Patient age .0005 1.03 (1.01-1.04) .039 1.02 (1.00-1.03)
   Multiplicity .083 1.28 (1.01-1.62) Removed 
   Prior recurrence rate .061 1.12 (0.18-1.18)  Removed 
Cancer-specific mortality    
   Grade    
      PUNLMP (Reference)  (Reference) 
      LPUC .174 3.13 (0.60-16.25) Removed 
      HPUC <.0001 35.31 (7.27-171.57) <.0001 8.20 (5.00-13.43)
   pTa vs pT1 <.0001 7.67 (5.54-10.6) <.0001 2.67 (1.84-3.87)
   Patient age .024 1.02 (1.01-1.04) Removed 
   Multiplicity .75 1.06 (0.78-1.43) Removed 
   Prior recurrence rate .1191 3.05 (0.46-3.78) Removed 

CI, confidence interval; HPUC, high-grade papillary urothelial carcinoma; LPUC, low-grade papillary urothelial carcinoma; PUNLMP, papillary urothelial neoplasm of low 
malignant potential; RR, relative risk.
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carcinoma in situ, could not be reliably assessed. Furthermore, 
we did not address the issue of interobserver discrepancy. 
In this study, all cases were reviewed by 1 pathologist for 
the purpose of interpretative consistency. In real practice, 
a certain level of diagnostic variation undoubtedly exists.20 
Further consensus meetings and educational conferences and 
programs should improve the situation. We anticipate wider 
acceptance and proper use of the classification system among 
pathologists and urologists so that histologic grading can be 
a truly valuable indicator that contributes to the design of 
therapeutic and monitoring strategies for patients with non–
muscle-invasive bladder urothelial tumors.
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❚Table 2❚
Univariate and Stepwise Multivariate Regression Analyses for Recurrence, Progression, and Cancer-Specific Mortality in 874 
Non–Muscle-Invasive Bladder Tumors, Including the Status of Intravesical Instillation

  Univariate  Multivariate

Variable P RR (95% CI) P RR (95% CI)

Recurrence    
   Grade    
      PUNLMP (Reference)  (Reference) 
      LPUC .0059 1.76 (1.17-2.65) .049 1.48 (1.07-2.06)
      HPUC .0001 2.28 (1.51-3.45) .0048 1.79 (1.28-2.52)
   pTa vs pT1 .0023 1.45 (1.19-1.78) Removed 
   Patient age .24 1.01 (0.99-1.02) Removed 
   Multiplicity <.0001 2.26 (1.86-2.74) <.0001 2.10 (1.71-2.58)
   Prior recurrence rate <.0001 2.96 (2.44-3.58) <.0001 2.76 (2.18-3.50)
   Intravesical instillation* .1384 0.84 (0.66-1.06) .015 0.74 (0.60-0.91)
Progression    
   Grade    
      PUNLMP (Reference)  (Reference) 
      LPUC .148 2.44 (0.73-8.23) Removed 
      HPUC <.0001 12.77 (4.03-40.42) <.0001 6.76 (4.57-10.01)
   pTa vs pT1 <.0001 3.01 (2.20-4.13) Removed 
   Patient age .0015 1.03 (1.02-1.05) Removed 
   Multiplicity .0016 1.84 (1.34-2.53) Removed 
   Prior recurrence rate .220 1.55 (0.22-2.45) Removed 
   Intravesical instillation .0019 0.55 (0.40-0.77) <.0001 0.43 (0.32-0.61)
Cancer-specific mortality    
   Grade    
      PUNLMP (Reference)  (Reference) 
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      HPUC <.0001 12.79 (3.12-52.36) <.0001 20.11 (7.76-52.13)
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   Patient age .017 1.04 (1.01-1.06) Removed 
   Multiplicity .044 1.65 (1.01-2.49) Removed 
   Prior recurrence rate .349 4.55 (0.01-5.17) Removed 
   Intravesical instillation .0005 0.41 (0.27-0.63) <.0001 0.28 (0.19-0.44)

CI, confidence interval; HPUC, high-grade papillary urothelial carcinoma; LPUC, low-grade papillary urothelial carcinoma; PUNLMP, papillary urothelial neoplasm of low 
malignant potential; RR, relative risk.

* For LPUC, RR = 0.75; CI = 0.57-0.99; P = .03.
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