
ARTICLE

Bladder cancer recurrence in papillary urothelial neoplasm of low malignant
potential (PUNLMP) compared to G1 WHO 1999: a population-based study

Johannes Bobjera,b , Oskar Hagbergb, Firas Aljaberyc, Truls Gårdmarkd, Staffan Jahnsonc, Tomas Jerlstr€ome,
Amir Sheriff, Athanasious Simoulisb,g, Viveka Str€ockh, Christel H€aggstr€omi,j, Lars Holmbergi,k and
Fredrik Liedberga,b

aDepartment of Urology, Skåne University Hospital, Malm€o, Sweden; bInstitution of Translational Medicine, Lund University, Malm€o, Sweden;
cDivision of Urology, Department of Clinical and Experimental Medicine, Link€oping University, Link€oping, Sweden; dDepartment of Clinical
Sciences, Danderyd Hospital, Karolinska Institute, Stockholm, Sweden; eDepartment of Urology, Faculty of Medicine and Health, School of
Medical Sciences, €Orebro University, €Orebro, Sweden; fDepartment of Surgical and Perioperative Sciences, Urology and Andrology, Umeå
University, Umeå, Sweden; gDepartment of Clinical Pathology, Skåne University Hospital, Malm€o, Sweden; hDepartment of Urology,
Sahlgrenska University Hospital and Institute of Clinical Sciences, Sahlgrenska Academy, University of Gothenburg, Gothenburg, Sweden;
iDepartment of Surgical Sciences, Uppsala University, Uppsala, Sweden; jDepartment of Public Health and Clinical Medicine, Northern
Registre Centre, Umeå University, Sweden; kSchool of Cancer and Pharmaceutical Sciences, King’s College London, London, UK

ABSTRACT
Objective: Papillary urothelial neoplasm of low malignant potential (PUNLMP) and stage TaG1 non-
muscle invasive bladder cancer (NMIBC) represent separate categories in current WHO 1999 grade
definitions. Similarly, PUNLMP and Ta low-grade are separate entities in the WHO 2004/2016 grading
system. However, this classification is currently questioned by reports showing a similar risk of recur-
rence and progression for both categories.
Patients and methods: In this population-based study, risk estimates were evaluated in patients diag-
nosed with PUNLMP (n¼ 135) or stage TaG1 (n¼ 2176) NMIBC 2004–2008 with 5-year follow-up regis-
tration in the nation-wide Bladder Cancer Data Base Sweden (BladderBaSe). The risk of recurrence was
assessed using multivariable Cox regression with adjustment for multiple confounders (age, gender,
marital status, comorbidity, educational level, and health care region).
Results: At five years, 28/135 (21%) patients with PUNLMP and 922/2176 (42%) with TaG1 had local
recurrence. The corresponding progression rates were 0.7% (1/135) and 4.0% (86/2176), respectively. A
higher relative risk of recurrence was detected in patients with TaG1 tumours compared to PUNLMP
(Hazard Ratio 1.6, 95% CI 1.2–2.0) at 5-year follow-up, while progression events were too few
to compare.
Conclusions: The difference in risk of recurrence between primary stage TaG1 and PUNLMP stands in
contrast to the recently adapted notion that treatment and follow-up strategies can be merged into
one low-risk group of NMIBC.
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1. Introduction

The papillary urothelial neoplasm of low malignant potential
(PUNLMP) grade definition as introduced in 1998, constitutes
a category of non-muscle invasive bladder cancer (NMIBC)
with mild nuclear atypia and increased cell proliferation, but
with preserved polarity and minimal variation among cells
[1]. However, data indicate similar recurrence and progres-
sion rates for PUNLMP and low-grade tumours (WHO 2004/
2016) [1–4]. Likewise, similar estimates for recurrence and
progression for 127 PUNLMP out of 2204 Ta low-grade
tumours were recently reported in an international multicen-
ter study [5]. Consequently, and in conjunction with a
decreased proportion of tumours categorized as PUNLMP

over time, the use of PUNLMP as a separate grade category
has been questioned [6].

In Sweden, the national urothelial carcinoma guidelines
(https://kunskapsbanken.cancercentrum.se/diagnoser/urin-
blase-och-urinvagscancer/vardprogram/) recommend a
combination of the 4-tiered WHO 1999 (PUNLMP, G1, G2,
and G3) and the 3-tiered WHO 2004/2016 grading sys-
tems (PUNLMP, low-grade (G1), high-grade (G2), and high-
grade (G3), where WHO 1999 G1 to a large extent corre-
sponds to WHO 2004/2016 low-grade. To assess the risk
of recurrence and progression in a population-based set-
ting using the WHO 1999 grading system, we investigated
all patients diagnosed with primary stage TaG1 or
PUNLMP between 2004 and 2008 in the Bladder Cancer
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Data Base Sweden (BladderBaSe), comprising all patients
in the Swedish National Registry of Urinary Bladder
Cancer (SNRUBC).

2. Patients and methods

2.1. Study population

We identified 2550 patients diagnosed with primary stage
TaG1 or PUNLMP between 2004 and 2008 in the Bladder
Cancer Data Base Sweden (BladderBaSe), comprising all
patients in the Swedish National Registry of Urinary Bladder
Cancer (SNRUBC) with linked data from national registers,
demographic data and 5 years follow-up data from a follow-
up form distributed 5 years after diagnosis [7]. We excluded
patients treated with primary radical cystectomy (n¼ 3), pri-
mary lymph node-positive (n¼ 5), or metastatic disease
(n¼ 8) as registered in the primary form at diagnosis, and
patients with no available follow-up (missing 5 years follow-
up form, n¼ 140) (CONSORT flow chart in Figure 1).
Information on adjuvant intravesical treatment in the
SNRUBC for the included years is incomplete with respect to
the type of treatment (BCG or chemotherapy), duration of
treatment, and/or the number of courses administered.
Furthermore, such adjuvant treatment affects recurrence,
which was our primary outcome measure. Thus, we excluded
all 95 patients treated with adjuvant instillations.
Consequently, the current study included 2311 patients for
analyses (PUNLMP, n¼ 135 and TaG1, n¼ 2176).

2.2. Measures

Recurrence and progression data and dates were retrieved
from the Swedish National Registry of Urinary Bladder Cancer
(SNRUBC) 5-year follow-up form. Recurrence was defined as
tumour recurrence verified by biopsy and/or TUR-B.

Progression was defined as muscle-invasive local recurrence
or nodal and/or distant metastasis.

Charlson Comorbidity Index (CCI) [8] was calculated based
on a list of diseases, with a specific weight assigned to each
disease category according to data from the National Patient
Register. The separate weights were collated to give an over-
all score, categorising morbidity as follows: 0¼ none,
1¼mild, 2¼ intermediate, and �3¼ severe. Educational level
was retrieved from Statistics Sweden and categorised as low
(�9 years of education), intermediate (10–12 years), and high
(�13 years), corresponding to mandatory school, high school,
and college or university [7].

2.3. Statistical analyses

The Kaplan–Meier technique was used for calculating the
cumulative incidence of recurrence at 12, 15, and 60months
after the date of diagnosis. Hazard ratio for risk of recurrence
comparing PUNLMP with TaG1 were estimated from the date
of diagnosis using multivariable Cox regression with adjust-
ment for multiple confounders (age, gender, marital status,
comorbidity, educational level, and health care region). Date
of death or 5-year follow-up date was considered the end of
follow-up, whatever happened first. Due to only one regis-
tered case of progression in the PUNLMP group, we chose
not to compare the risk of progression between groups.

As a sensitivity analysis, the regression models were also
performed excluding the Northern healthcare region, moti-
vated by the relatively higher proportion of PUNLMP diag-
nosed (20%). We also performed a sensitivity analysis in
respect to the relatively high proportion of patients (5.5%)
with no available follow-up (total n¼ 140; PUNLMP, n¼ 17,
TaG1 n¼ 123). Hence, the multivariable Cox regression mod-
els for risk of recurrence were tested in two separate analy-
ses with the imputation of the following hypothetical
extreme outcomes: (a) all patients with no available follow-
up registered with an event (recurrence) after 1 year during

Patients with primary NMIBC stage TaG1 or PUNLMP 2004-2009 in the SNRUBC (n=2550)

TaG1 (n=2176)

Excluded due to any of the criteria (n=239, 9.4%)
• Stage N+/N1/N2/N3 (n=5, 0.2%)
• Stage M1 (n=8, 0.3%)
• Primary radical cystectomy (n=3, 0.1%)
• No follow up available (n=140, 5.5%)
• Any intravesical treatment (n=95, 3.7%)

Available for survival analysis 
(n=2311)

PUNLMP (n=135)

Figure 1. Flow chart describing the selection, exclusion, and follow-up of patients in the study. NMIBC: non-muscle invasive bladder cancer; SNRUBC: Swedish
National Registry of Urinary Bladder Cancer.
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follow-up, and (b) all patients with no available follow-up
registered with no event (recurrence) during follow-up.

For all statistical analyses, the R statistical package was
used [9].

2.4. Ethical review

The study was approved by the Research Ethics Board of
Uppsala University, Sweden (EPN 2015/277).

3. Results

Baseline characteristics are available in Table 1. The propor-
tion of PUNLMP in the study population (5.8%) remained
consistent throughout the included years (2004, 6.3%; 2005,
7.8%; 2006, 5.5%; 2007, 4.2%; 2008, 5.4%) and beyond (data
until 2015 in Supplemental Table 1). Recurrence proportions
at 12, 15, and 60months are available in Supplemental
Table 2.

The 5-year recurrence rate was 21% (95% CI, 14–29) (28/
135) for PUNLMP patients and 42% (95% CI 40–44) (922/
2176) for TaG1, and the corresponding progression rates

were 0.7% (95% CI 0.0–4.1) (1/135) and 4.0% (95% CI,
3.2–4.9) (86/2176) (Figure 2). Using Cox multivariable regres-
sion models, TaG1-tumours were associated with increased
risk of recurrence (HR 1.6, CI 1.2–2.0) compared to PUNLMP
(Table 2). Proportions of recurrence at 12, 15, and 60months
for PUNLMP and TaG1 are available in Supplemental Table 2.

A sensitivity analysis excluding the Northern health care
region with the highest proportion PUNLMP (20%) (Table 1),
revealed no changes from the main results (Supplemental
Table 3). Assessing the patients with no available 5 years fol-
low-up, revealed a higher proportion of PUNLMP compared
to the included study population (17/140, 12% vs. 135/2311,
5.8%, p¼ 0.005). When all these patients were added to the
multivariable Cox regression models with assumptions of
100% or 0% recurrence, respectively, the resulting HR for
TaG1 compared to PUNLMP were 1.6 (1.3–2.1, p< 0.001) and
1.4 (1.1–1.7, p¼ 0.006). Thus, both risk estimates remained
within the 95% CI of the main analysis suggesting no signifi-
cant selection bias.

4. Discussion

This population-based study comprising the largest series of
PUNLMP patients to date showed a 60% increased risk of
tumour recurrence for TaG1 compared to PUNLMP after
5 years of follow-up. In contrast to the recent study by
Henstchel et al. that was performed in the context of the 3-
tiered WHO 2004/2016 grading system, the present study
was based on the 4-tiered WHO 1999 grading system.
Furthermore, we opted to exclude patients with co-existing
carcinoma in situ (CIS) and any registered adjuvant instilla-
tions to rule out effects of recurrence-reducing treatments
when evaluating prognostic differences between PUNLMP
and TaG1-tumours [5]. Another difference between that
study and the present was the population-based data in the
SNRUBC with high coverage and from five consecutive years,
while Hentschel et al. collected data from several European
countries (and Canada) diagnosed over almost three decades
[5]. Altogether, these three differences compared to the

Figure 2. Kaplan–Meier graphs with a cumulative incidence of recurrence for
PUNLMP and TaG1.

Table 1. Baseline characteristics for patients in the Swedish National Registry
of Urinary Bladder Cancer (SNRUBC) diagnosed in 2004–2008 with papillary
urothelial neoplasm of low malignant potential (PUNLMP) or TaG1 blad-
der cancer.

PUNLMP (n¼ 135) TaG1 (n¼ 2176)

n % n %

Year of diagnosis
2004 24 (18) 357 (16)
2005 38 (28) 450 (21)
2006 25 (19) 428 (20)
2007 20 (15) 455 (21)
2008 28 (21) 486 (22)

Age
Mean 66 69
SD 13 12

Age (dichotomized)
�65 60 (44) 815 (37)
>66 75 (56) 1361 (63)

Sex
Male 96 (71) 1577 (72)
Female 39 (29) 599 (28)

CCI
0 91 (67) 1323 (61)
1 16 (12) 354 (16)
2 15 (11) 294 (14)
�3 13 (10) 205 (9.4)

Married
No 51 (38) 869 (40)
Yes 84 (62) 1307 (60)

Education
Low 56 (43) 933 (44)
Intermediate 52 (40) 806 (38)
High 22 (17) 399 (19)

Health care region
Stockholm/Gotland 38 (28) 413 (19)
Uppsala/€Orebro 18 (13) 459 (21)
South-eastern 9 (7) 253 (12)
Southern 11 (8) 439 (20)
Western 17 (13) 440 (20)
Northern 42 (31) 172 (8)

Age is stratified above or below the mean age in the study population (�65
and >66 years). Charlson Comorbidity Index (CCI) is calculated for a 10-year
period before diagnosis. Educational level is categorized as low (�9 year edu-
cation), intermediate (10–12 years), and high (�13 years), corresponding to
mandatory school, high school, and college/university.
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present study might explain why no difference in time to
recurrence was found in that study. In addition, the lack of
information about tumour multiplicity and tumour size limits
the comparison of our findings with those in other studies.
The persistent reporting of PUNLMP cases throughout study
years and health care regions is also different from other
studies [1,5] (Table 3).

The pathological distinction between PUNLMP and Ta
low-grade (G1) is a challenging task with known high inter-
observer variability [1], despite the introduction of more pre-
cise criteria in both the WHO 1999 and 2004 definitions. In
the current study, pathological re-evaluation adjusting for
interobserver variability was not done. On the other hand,
assessing the outcome of PUNLMP applied in a clinical con-
text without pathological re-evaluation confers the broad
generalizability of our results. The lack of detailed informa-
tion on the disease course in patients with progressive dis-
ease is another study limitation. Likewise, data on

progression to stage T1 was not available, further limiting a
more specific description of these patients.

Compared to Swedish patients diagnosed before the cur-
rent study between 1987 and 1988, 5 years progression rates
for PUNLMP and Ta low-grade (0 vs. 4%, respectively) were
similar to our present data [13] (Table 3), while correspond-
ing recurrence rates in the older study were higher (35 vs.
71%, respectively). The similar relative difference between
groups suggests improved transurethral resection quality and
clinical care over time. Thus, trends in calendar time for date
of diagnosis may be important to be taken into account
when comparing outcomes for PUNLMP and Ta low-grade.

The EAU-NMIBC guidelines panel group recently con-
cluded that a 4-tiered combination of the WHO 1973 and
2004/2016 outperforms each of the 3- and 2-tiered grading
systems individually, when evaluating a large retrospective
individual patient data study [15]. Considering molecular
grade as a continuous variable [16], a more granular 4-tiered
stratification also seems beneficial compared to a less granu-
lar 3- or even 2-tiered grade stratification. In addition, a new
‘very high risk’ group was defined comprising patients with
the most elevated risk of progression to facilitate identifica-
tion and consideration of primary cystectomy [15].

In the other spectrum of NMIBC, the opposite strategy is
applied when merging PUNLMP and low-grade in one group.
The risk at stake here has not the same dignity as in high-
grade disease, yet overtreatment and unnecessary cystoscop-
ies are also important to consider [17]. However, at present
current guidelines recommend different follow-up schedules
for Ta low-grade tumours, with NICE favouring only two cys-
toscopies at 3 and 12months post-operatively [17], whereas
EAU proposes follow-up cystoscopies for five years. In our
data, the probability of recurrence at 15months (including
the 12-month cystoscopy) was 13% (CI 7.0–19) vs. 26% (CI
24–28) for PUNLMP and TaG1, respectively. While the cumu-
lative incidence curve for recurrence for TaG1 continues to
rise, there are no recurrences after 3 years in patients with
PUNLMP (Figure 2). These differences suggest biological fac-
tors leading to separate clinical courses for these grade cate-
gories. Irrespective of tumour size and multiplicity, patients
with PUNLMP tumours can be recommended to stop follow-
up cystoscopies after three years due to the low risk of
recurrence and negligible risk of progress according to
our findings.

5. Conclusions

In summary, our results show a 60% increased relative risk of
tumour recurrence at 5 years for TaG1 compared to PUNLMP
in a population-based setting using the WHO 1999 grading
system. Despite limitations in the analysed data, we argue
that abandoning the PUNLMP category would neglect
important biologic and prognostic information when design-
ing trials for low-risk NMIBC and that patients with PUNLMP
tumours can stop follow-up cystoscopies at three years
based on the extremely low risk of further recurrences and
no risk of progression.

Table 2. Risk of recurrence evaluated in a Cox regression model.

Recurrence

N HR (multivariate) 95% CI p-Value

Grade WHO 1999
PUNLMP 135 1 – –
TaG1 2176 1.6 1.2–2.0 <0.001

Age
(Continuous) 2311 1.0 1.0–1.0 <0.001

Sex
Male 1673 1 – –
Female 638 1.1 0.93–1.2 0.45

CCI
0 1414 1 – –
1 370 1.2 1.1–1.4 0.01
2 309 1.5 1.3–1.7 <0.001
�3 218 1.6 1.4–1.9 <0.001

p (overall): <0.001
Married
No 920 1 – –
Yes 1391 0.96 0.86–1.1 0.46

Education
Low 989 1 – –
Intermediate 858 1.1 0.96–1.2 0.18
High 421 0.92 0.79–1.1 0.29
Missing 43 p (overall): 0.08

Health care region
Stockholm/Gotland 451 1 – –
Uppsala/€Orebro 477 1.3 1.1–1.5 0.01
South-Eastern 262 0.98 0.80–1.2 0.86
Southern 450 1.3 1.1–1.5 0.004
Western 457 1.4 1.2–1.6 <0.001
Northern 214 1.1 0.85–1.3 0.66

p (overall): <0.001

HR: hazard ratio; PUNLMP: papillary urothelial neoplasm of low malignant
potential; CCI: Charlson Comorbidity Index. Education was stratified as follows:
Low (�9 years of education), intermediate (10–12 years), and high (�13 years).

Table 3. Recurrence and progression in previous studies with �50 cases of
PUNLMP (adapted from Hofmann et al.) [7].

Study
Number
of cases

Recurrence
(%)

Progression
(%)

Mean
follow-up

Present study 135 21 0.7 3.6 years
Hentschel et al. [5] 127 51 3.9 38.4months
Oosterhuis et al. [10] 116 26 2.6 79months
Cheng et al. [11] 112 27 3.6 12.8 years
Holm€ang et al. [12,13] 95 35 0 >5 years
Fuji et al. [14] 50 60 8.0 11.7 years
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