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Abstract

Purpose: To verify if the distinction between papillary urothelial neoplasm of low malignant
potential (PUNLMP) and noninvasive low-grade papillary urothelial carcinoma (LGPUC) reflects a
different biologic activity.

Materials and Methods: We reviewed and analyzed the clinical data from 678 patients who had
a diagnosis of PUNLMP (n=53) or noninvasive LGPUC (n=625) after initial TUR-BT for bladder
neoplasm between 2000 and 2012.

Results: The noninvasive LGPUC group showed a higher frequency of recurrence in comparison
with the PUNLMP group (46.7% vs. 30.2%, p=0.022). In contrast, there were no significant
differences in progression (15.2% vs. 18.9%, p=0.295) between the two groups. Grade progression
was reported in 10 patients (LG: n=5; high grade: n=2; carcinoma in situ: n=3) and stage
progression was reported in 2 patients (all: T1) in PUNLMP group. The Kaplan-Meier survival
analysis showed significantly decreased 5-year recurrence-free survival (RFS) (50.3% vs. 74.6%,
log-rank test, p=0.014) in the noninvasive LGPUC group compared to the PUNLMP group.
However, there were no significant differences in progression-free survival (PFS) between the two
groups. Multivariate analysis revealed that tumor grades according to 2004 WHO/ISUP
classification system (PUNLMP vs. LG) were identified as significant predictors of RFS. However, it
was not a significant predictor of both PFS and overall survival.

Conclusions: PUNLMP had a substantial number of recurrences (30.2%), although RFS was
better than noninvasive LGPUC. In addition, PUNLMP had a similar risk of progression compared
with noninvasive LGPUC. Consequently, PUNLMP should be treated in a manner similar to
noninvasive LGPUC, and long-term clinical follow-up should be recommended for patients with
PUNLMP.

Key words: noninvasive low-grade papillary urothelial carcinoma; progression; PUNLMP; recurrence;
urothelial carcinoma.

Introduction

Noninvasive papillary urothelial carcinoma  invasive carcinoma [1-3]. Accordingly, the grading
(PUC) of the bladder is a major challenge in clinical ~ system of PUC has been a long-standing issue of
setting due to its proclivity to recur or progress to  debate. The 1973 World Health Organization (WHO)
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classification system originally included the
categories from papilloma to grade 3 PUC [4].
However, arbitrary definitions including the
intermediate grade (grade 2) were the major
limitation of this system [5]. In 1998, the International
Society of Urological Pathology (ISUP) proposed a
new grading system [6]. This system introduced the
term of papillary wurothelial neoplasm of Ilow
malignant potential (PUNLMP), and this group of
lesions included many cases that was categorized as
grade 1 PUC in the 1973 WHO classification system
[7]. Subsequently, the 2004 WHO/ISUP classification
system has been suggested for potential advantages
over the 1973 WHO classification system, including
more standardized histological criteria for grading the
noninvasive PUC [8].

Although several previous studies confirmed
the improvement of prognostic discrimination of this
revised system [9-11], the other published
comparisons had not clearly confirmed that the 2004
WHO/ISUP  classification system has better
reproducibility than the 1973 WHO classification
system [3,12]. The most controversial issue of the 2004
WHO/ISUP classification system centers on the
diagnosis of PUNLMP [7, 13-18]. Some of previous
studies demonstrated that PUNLMP showed a low
risk of recurrence and progression, and never resulted
in cancer-specific death [9, 13, 17]. In contrast, several
other studies indicated that patients with PUNLMP
were at increased risk for recurrence and progression
[14-16]. Subsequently, they recommended long-term
clinical follow-up in these patients.

Thus the aim of this study was to verify if the
distinction between PUNLMP and noninvasive
low-grade papillary urothelial carcinoma
(noninvasive LGPUC) reflects a different biologic
activity.

Materials and Methods

Ethics statement

The Institutional Review Boards of the Seoul
National University Hospital approved this study
(Approval number: H-1612-004-809). As the present
study was carried out retrospectively, written
informed consent from patients was waived. Personal
identifiers were completely removed and the data
were analyzed anonymously. Our study was
conducted according to the ethical standards laid
down in the 1964 Declaration of Helsinki and its later
amendments.

Study cohort

A total of 697 patients who had a diagnosis of
PUNLMP or noninvasive LGPUC after initial TUR-BT
for bladder neoplasm between 2000 and 2012 at our

institution were included in this study. Clinical data
in the medical records were retrospectively reviewed.
Subsequently, patients with non-urothelial carcinoma
history (n=6), suspicious lymph node enlargement on
radiologic  evaluation (n=8), or incomplete
information (n=5) were excluded. Ultimately, 678
patients were included at the final analysis.

Acquisition and definition of data

Clinical preoperative variables included age,
gender, body mass index (BMI), past medical history
including gross hematuria (GHU) and upper urinary
tract urothelial carcinoma (UTUC), tumor multiplicity
(1 vs. 2-7 vs. 28), and tumor size (<3cm vs. =3cm).
Tumor size and number were obtained from
cystoscopy measurement. The tumor stage and grade
of all initial TUR-BT specimens were assessed by staff
pathologists with genitourinary expertise according
to the standard pathological procedure at our
institution. Pathological staging was assigned to the
2010 TNM classification by the American Joint
Committee on Cancer-Union for International Cancer
Control (AJCC/UICC). Pathological grading was
assessed according to both recommended the 1973
WHO classification system and/or the 2004
WHO/ISUP classification system. Repeat TUR-BT
and intravesical chemotherapy (IVC) were performed
at the discretion of the individual surgeons.
Recurrence was defined as the histopathologically
proven urothelial tumor relapse in the bladder or
prostatic urethra during follow-up periods.
Progression was defined as recurrence to a higher
grade (LG, carcinoma in situ [CIS], high-grade [HG])
or stage (= T1).

Follow-up protocol

According to the institutional standardized
postoperative protocol, patients were generally
followed up after TUR-BT at least every 3-4 months
for the first 2 year, semiannually for the next 3 years,
and then annually thereafter. Follow-up consisted of
urinary cytology, cystoscopy, and biopsy of
suspicious lesions. Computed tomography scan for
the upper urinary tract evaluation was generally
carried out at the initial diagnosis and thereafter
conducted only in cases of tumor recurrence or
suspicion. IVC, including maintenance instillations,
were performed at the surgeon’s discretion.

Cause of death was determined by the
responsible physicians and death certificates. Overall
survival (OS) was calculated from the date of TUR-BT
to the date of last follow-up or death. Recurrence-free
survival (RFS) was defined as the interval between the
date of the TUR-BT and the time of the first tumor
recurrence. Progression-free survival (PFS) was
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defined as the interval from the date of the TUR-BT to
the date of disease progression.

Statistical analyses

The clinicopathological characteristics were
compared between PUNLMP and noninvasive
LGPUC wusing chi-squared test for categorical
variables, and independent t-test or Mann-Whitney U
test for continuous variables. The Kaplan-Meier
method was used to calculate survival estimates for
OS, RFS and PFS. Also, log-rank test was used to
conduct comparisons between the groups. Univariate
and multivariate Cox-proportional hazard regression
analyses were performed to evaluate significant
variables associated with OS, RFS and PFS. The
variables with p-value less than 0.2 obtained in the
univariate analysis were included in the multivariate
analysis, and the final model was derived using the
backward selection method with an elimination
criterion of p-value greater than 0.05. In addition, we
used the propensity score methodology [19] to control
other confounding factors in analyzing survival
outcomes. The propensity score matching analysis
was conducted by using a nonparsimonious multiple
logistic regression model. All statistical analyses were
performed using commercially available software
(IBM SPSS Statistics ver. 22.0, Armonk, NY, USA and
the statistical package for R, ver. 2.13.2, R Foundation
for Statistical Computing [http:/ /www.r-project.org])
and two-sided p-values < 0.05 were considered
statistically significant.

Results

Mean patient age was 70.2 £ 12.2 years, and the
median follow-up period was 71.2 (range 0-205)
months. At the last follow-up, there were 91 patients
(13.4%) who died of any cause, and 19 patients (2.8%)
died of bladder cancer. Among the patients, 308
(45.4%) patients experienced recurrence. Stage and
grade progression were reported in 78 (11.5%) and 76
(11.2%) patients, respectively. On pathologic review,
53 (7.8%) and 625 (92.2%) patients were diagnosed as
PUNLMP and noninvasive LGPUC, respectively. IVC
was given to 1 patient in the PUNLMP group (1.9%;
Mitomycin C [MMC]), and 32 patients in the
noninvasive LGPUC group (5.1%; MMC: n=14;
Bacillus Calmette-Guérin [BCG]: n=18).

Comparison of clinicopathological features
between two groups

The comparative analysis of clinicopathological
features between the PUNLMP group and the
noninvasive LGPUC group are summarized in Table
1. The median follow-up periods were 73.9 (range,
3-165) and 70.5 (0-205) months in PUNLMP and

noninvasive LGPUC group, respectively (p=0.745).
The noninvasive LGPUC group showed a higher
frequency of GHU (73.6% vs. 45.3%, p<0.001) and
recurrence (46.7% vs. 30.2%, p=0.022) in comparison
with the PUNLMP group.

Table 1. Comparative analysis results of variables between
PUNLMP group and noninvasive LGPUC group after initial
TUR-BT.

PUNLMP (n=53) LGPUC (n=625) p-value

Age, 260 38 (71.7%) 516 (82.6%) 0.063
Gender, male 41 (77.4%) 515 (82.4%) 0.354
BMI, mean (SD) 24.06 (2.48) 24.07 (3.02) 0.981
GHU, yes 24 (45.3%) 460 (73.6%) <0.001
1973 WHO classification, <0.001
grade

1 53 (100%) 154 (30.0%)

2 0(0%) 359 (70.0%)

Number 0.509
1 40 (75.5%) 430 (68.8%)

2-7 12 (22.6%) 188 (30.1%)

>8 1(1.9%) 7 (1.1%)

Size, cm 0.810
>3 4(7.5%) 64 (10.2%)

Repeat TUR-BT, yes 0(0%) 12 (1.9%) 0.613
Intravesical therapy, yes 1 (1.9%) 32 (5.1%) 0.742
Upper urinary tract 0(0%) 8 (1.3%) 1.000
recurrence, yes

Recurrence, yes 16 (30.2%) 292 (46.7%) 0.022
Progression, yes 10 (18.9%) 95 (15.2%) 0.295
All cause death, yes 6 (11.3%) 85 (13.6%) 0.834
Cancer specific death, yes 0 (0%) 19 (3%) 0.434

BMI: body mass index, GHU: gross hematuria, PUNLMP: papillary urothelial
neoplasm of low malignant potential, noninvasive LGPUC: noninvasive low-grade
papillary urothelial carcinoma, WHO: World Health Organization

Median time to first recurrence were 9 (range,
3-103) and 11 (2-147) months in PUNLMP and
noninvasive LGPUC group, respectively. In contrast,
there were no significant differences in progression
(15.2% vs. 18.9%, p=0.295) between the two groups.
Grade progression was patients (all: T1) in PUNLMP
group. Two patients who had stage progression also
reported grade progression (LG: n=1; HG: n=1). In
noninvasive LGPUC group, there were 6 patients
progressed to T2 and 19 (3%) patients died of the
disease. None of the patients in the PUNLMP group
progressed to T2 or died of the disease.

Survival outcomes and Cox-proportional
hazard regression analyses: Propensity score
matching analysis

In the total study cohort, the Kaplan-Meier
survival analysis showed significantly decreased
5-year RFS (50.3% vs. 74.6%, log-rank test, p=0.014) in
the noninvasive LGPUC group compared to the
PUNLMP group (Fig. 1A.). However, there were no
significant differences in PFS and OS between two
groups (Fig. 1B. and 1C.).
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The propensity scores were computed by logistic
regression modeling, with the independent variables
which showed significant differences between two
groups in the comparative analysis (Table 1): GHU
and the 1973 WHO grade classification. A 1:1
matching ratio was used in our propensity analysis.
Consequently, two groups were well balanced, and
there were no significant differences between two
groups in any of variables used for propensity score

matching (Table S1). Subsequently, the Kaplan-Meier
survival analysis was conducted, and consistently
showed significantly decreased 5-year RFS (31.0% vs.
74.6%, log-rank test, p<0.001) in the noninvasive
LGPUC group compared to the PUNLMP group (Fig.
S2A). Notably, there were still no significant
differences in PFS and OS between two groups (Fig.
S2B and S2C.).
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Figure 1. Kaplan-Meier survival curves for (A) recurrence-free survival (RFS), (B) progression-free survival (PFS), and overall survival (C) for patients with papillary
urothelial neoplasm of low malignant potential (PUNLMP) and noninvasive low-grade papillary urothelial carcinoma (noninvasive LGPUC) according to the 2004

WHO/ISUP classification system.

Table 2 summarized the results of multivariate
Cox regression analyses based on the total study
cohort. Multivariate analysis revealed that GHU
(p=0.007), tumor grades according to the 2004
WHO/ISUP classification system (p=0.042) and
tumor number (p<0.001) were identified as significant
predictors of RFS. In addition, age (p=0.016) and BMI
(P<0.001) were identified as significant predictors of
OS, and tumor number (p=0.024) was identified as
significant predictor of PFS. Whereas, tumor grades
according to the 2004 WHO/ISUP classification
system was not a significant predictor of both PFS and
0s.

Discussion

Both in the 1973 WHO classification system and
2004 WHO/ISUP classification system, PUCs were
divided into four categories. At first, the definition of
papilloma was same in the both 1973 WHO
classification system and 2004 WHO/ISUP
classification system. At the other end of the grading
category, all 1973 WHO grade 3 tumors were assigned
to the HG carcinoma category in the 2004 WHO/ISUP
classification system. Whereas, there was no direct
matched translation to the 2004 WHO/ISUP
classification system for 1973 WHO grades 1 and 2
carcinomas. The grade 1 carcinomas according to the
1973 WHO classification system, in case of showing
no or minimal cytological atypia and merely

thickened urothelium with, at most, nuclear
enlargement, are reclassified as PUNLMP [8, 16]. The
other 1973 WHO grade 1 tumors with definite yet
slight cytological atypia are reassigned to the LG
category in the 2004 WHO/ISUP classification system
[8, 16]. Subsequently, considering the interobserver
variability and the prognostic accuracy among LG
category tumors, it is obvious that morphology alone
would be insufficient to predict the clinical outcome
of the disease [3, 14].

PUNLMP was created as category of neither
benign nor intrinsically malignant neoplasm in the
2004 WHO/ISUP classification  system  [8].
Accordingly, PUNLMP should not be regarded as
cancer, which has psychosocial and financial
significance. However, several previous studies
showed that PUNLMPs could recur in a substantial
proportion of patients [9, 14-18, 20-22]. Notably, some
studies also represented that PUNLMPs had a low,
but definitive risk of progression to a higher grade or
stage lesions [14-16, 18]. Subsequently, the criticisms
evolved that PUNLMP should be qualified as a
carcinoma and that all PUC should be categorized as
two groups (LG and HG) [4, 8]. In addition, several
studies demonstrated that a low level of agreement in
the histologic distinction, or no significant prognostic
differences between PUNLMP and noninvasive
LGPUC [14-16, 22].

Current study showed that noninvasive LGPUC
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group showed a higher frequency of recurrence in
comparison with the PUNLMP group (46.7% vs.
30.2%, p=0.022, Table 1). The Kaplan-Meier survival
analysis also showed significantly decreased 5-year
RFS (50.3% vs. 74.6%, log-rank test, p=0.014) in
noninvasive LGPUC group compared to the
PUNLMP group (Fig. 1A.). In concordance with
previous studies [9, 13-17, 20-22], substantial number
of patients reported recurrence even with a distinct
risk between two groups. In addition, median time to
first recurrence were even shorter in PUNLMP group
than noninvasive LGPUC group (9 vs. 11 months).

In contrast, current study showed no significant
differences in progression (18.9% vs. 15.2%, p=0.295)
between two groups. The Kaplan-Meier survival
analysis also showed no significant differences in PFS
between two groups (Fig. 1B.). In concordance with
some previous studies [14-16], in terms of
progression, PUNLMP and noninvasive LGPUC were
similar with a definitive risk proportion. The high
progression rates in current study may be derived
from the definition that we used. Some previous
studies defined progression as a recurrence with HG
and/or invasive PUC [8]. Our definition, whereas,
was broader and also included recurrent to LG or CIS.
The rationale for our definition was derived from
previous studies, which demonstrated that the
prognosis of LGPUC was worse than that of
PUNLMP [3, 13, 14, 23]. Notably, there were 2 patients
who reported stage progression to pTl in current
study. Consequently, our findings further support the
notion that patients with PUNLMP have increased

risks of recurrence, progression, and
cancer-specific death [14-16].

To the best of our knowledge, the current study
is by far the largest single-institutional study
comparing the PUNLMP and noninvasive LGPUC. In
addition, our institutional pathologist had reported
both the 1973 WHO classification system and 2004
WHO/ISUP classification system. Accordingly,
current study showed that all PUNLMPs were also
reported 1973 WHO grade 1 (Table 1). Whereas, 30%
of LGPUC were reported as 1973 WHO grade 1, and
the other 70% were reported as 1973 WHO grade 2
(Table 1). The Kaplan-Meier survival analysis showed
significantly decreased 5-year RFS (46.1% vs. 58.7%,
log-rank test, p=0.016) in grade 2 group compared to
grade 1 group (Fig. S1A). In contrast, there were no
significant differences in PFS between two groups
(Fig. S1B). Consequently, the majority of patients with
LGPUC showed distinct histology from PUNLMP
according to the 1973 WHO classification system; both
LGPUC and PUNLMP showed no significant
differences in terms of PFS.

There are several well-known parameters
including tumor number, tumor size, and molecular
markers on the clinical outcomes for PUC [3, 24, 25].
Current study showed that tumor number (1 vs. 22)
was the significant predictor for both RFS and PFS in
multivariate Cox regression analyses; however, tumor
size was not observed as a significant predictor (Table
2). It might be derived from a small number of
patients (n=68, 10.0%) who reported tumor size of >
3cm.

even

Table 2. Multivariate Cox regression analyses results for evaluating variables associated with overall survival (OS), recurrence-free

survival (RFS), and progression-free survival (PFS).

(@5 RFS PFS

HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value
Age (years)
<60 Reference Reference Reference
260 4.136 (1.302-13.137) 0.016 1.268 (0.920-1.749) 0.147 0.985 (0.538-1.806) 0.962
BMI 0.851 (0.789-0.918) <0.001 0.990 (0.953-1.028) 0.587 0.999 (0.933-1.070) 0.982
GHU 0.834 (0.515-1.349) 0.459 1.461 (1.108-1.928) 0.007 0.879 (0.571-1.354) 0.559
2004 WHO/ISUP classification, grade
PUNLMP Reference Reference Reference
Low grade 1.277 (0.556-2.936) 0.565 1.537 (1.032-2.556) 0.042 0.843 (0.439-1.619) 0.609
Tumor number
1 Reference Reference Reference
22 1.211 (0.775-1.892) 0.401 1.956 (1.554-2.462) <0.001 1.611 (1.066-2.436) 0.024
Tumor size, cm
<3 Reference Reference Reference
>3 1.338 (0.726-2.464) 0.350 1.037 (0.714-1.507) 0.847 1.248 (0.726-2.684) 0.380

BMLI: body mass index, GHU: gross hematuria, ISUP: the International Society of Urological Pathology, PUNLMP: papillary urothelial neoplasm of low malignant potential,

WHO: World Health Organization
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The current study has several limitations. Due to
the retrospective nonrandomized design, the
conduction of repeat TUR-BT or IVC was at the
discretion of the individual clinicians, not the
standardized criteria. In addition, we did not address
the issue of interobserver discrepancy, but rather
depended on our pathologist with an expertise to
identify and report according to standardized
procedures of our institution for the purpose of
interpretative consistency. Consequently, the current
study was based on the single-institutional data and
reflects real clinical practice. Finally, we did not
include some molecular markers which have been
evaluated for the differential diagnosis of LGPUC [21,
23-25]. However, previous studies have not clearly
confirmed their usefulness or clinical implications yet
[14].

In conclusion, current study showed that
PUNLMP had lower risks of recurrence than
noninvasive LGPUC, but with a substantial number
of patients (30.2%). In addition, in terms of
progression, PUNLMP and noninvasive LGPUC were
similar ~with a definitive risk proportion.
Consequently, PUNLMP should be treated in a
manner similar to noninvasive LGPUC, and
long-term clinical follow-up would be recommended
in these patients.
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