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Background: The identification of protein biomarkers to guide treatment decisions regarding adjuvant
therapies for high-risk non-muscle-invasive bladder cancer (NMIBC) has been of increasing interest.
Evidence of the impact of tumor suppressor gene product p53 and cell proliferation marker Ki-67 on
oncologic outcomes in bladder cancer patients at highest risk of recurrence and progression is partially
contradictory. We sought to mirror contemporary expression patterns of p53 and Ki-67 in a select cohort of
patients with pT'1 bladder cancer.

Methods: Patients from four Northern German institutions with a primary diagnosis of pT'1 bladder cancer
between 2009 and 2016 and complete data regarding p53 or Ki-67 expression status were included for final
analyses. Baseline patient characteristics (age, gender, age-adjusted Charlson comorbidity index) and tumor
characteristics [diagnostic sequence, tumor focality, concomitant carcinoma in situ, 1973 World Health
Organization (WHO) grading, lymphovascular invasion, adjuvant instillation therapy] were abstracted by
retrospective chart review. Immunohistochemistry for detection of p53 and Ki-67 expression was performed
according to standardized protocols. Microscopic analyses were performed by central pathologic review.
First, we compared patients with positive vs. negative p53 expression and Ki-67 labeling index [>40% vs.
<40%; cutoffs based on best discriminative ability in univariable Cox regression analysis with disease-free
survival (DFS) as endpoint] with regard to baseline and tumor characteristics. Second, we evaluated the
effect of biomarker positivity on DFS by plotting univariable Kaplan-Meier curves and performing uni- and
multivariable Cox regression analyses.

Results: Of 102 patients with complete information on p53 status, 44 (43.1%) were p53 positive, and they
more often harbored concomitant carcinoma in situ (50.0% vs. 27.6%; P=0.032) and 1973 WHO grade
3(97.7% vs. 69.0%; P=0.001) compared to their p53 negative counterparts. Of 79 patients with complete
information on Ki-67 expression status, 30 (38.0%) had a labeling index >40%. Mean Ki-67 labeling index
was higher in WHO grade 3 vs. grade 2 tumors (45.8 vs. 29.7; P=0.004). At a median follow-up of 51.0
months, 31/91 patients with complete follow-up information (34.1%) suffered from disease recurrence or

progression. In univariable Kaplan-Meier analyses, no difference regarding DFS was found in p53 positive vs.
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negative (P=0.8) or Ki-67 labeling index >40% vs. <40% (P=0.078) patients. In multivariable analyses, Ki-67
labeling index >40% remained an independent predictor of DFS [hazard ratio (HR), 2.66; 95% confidence

interval (CI), 1.02-6.95; P=0.046], after adjusting for p53 expression and lymphovascular invasion. However,

p53 status was not associated with our endpoint (P=0.8).

Conclusions: While we found an association of a Ki-67 labeling index >40% and shorter DFS in pT1

bladder cancer patients, this did not hold true for p53 positivity. Future research is needed to identify

additional microscopic and molecular risk factors and biomarker panels to improve risk stratification and

guide adjuvant therapies in those patients.
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Introduction

In 2017, approximately 79,000 patients worldwide will
be diagnosed with carcinoma of the urinary bladder (1).
Approximately 80% of patients present with non-muscle-
invasive bladder cancer (NMIBC) at diagnosis (2) and may
be potentially cured by transurethral resection of bladder
tumor (TURBT) without removing the organ (3). However,
there is still a non-negligible subgroup of patients with
NMIBC who harbor high-risk features (i.e., pTis, pT1,
high grade/G3 tumors, or multifocal + recurrent + large
tumors >3 cm) with a great propensity of disease recurrence
and—more importantly—progression to muscle-invasive
disease (3). Over the recent years, much effort has been
put into identifying risk factors in those patients with high-
risk NMIBC to optimize treatment recommendations with
regard to adjuvant therapies (4,5). That said the role of
protein biomarkers has been extensively explored in NMIBC
(6-9). p53 as the result of the TP53 tumor suppressor
gene (10) regulates cell cycle progression, senescence, and
apoptosis following several stress signals (11). Consequently,
molecular defects in human cancer cells have been linked
to pathway irregularities with inactivated p53 leading to an
increased half-life of the protein and prolonged detectability
via immunohistochemistry (11,12). This concept has
been adapted and validated for urothelial cancers as
well (13-15). Likewise, Ki-67 constitutes an established
protein biomarker encoded by the MKI67 gene (16)
and is necessary for cellular proliferation. Against this
backdrop, the proportion of Ki-67 positive tumor cells
(i.e., the Ki-67 labeling index) is correlated with disease
recurrence and progression in malignancies, and urothelial
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cancer in particular (14,15,17). However, not many studies
focus on the expression patterns of aforementioned
biomarkers in the subgroup of patients diagnosed with pT'1
bladder cancer, and the available evidence is scarce and
partially contradictory (13,18-22). The aim of our study
was to mirror contemporary expression patterns of the
p53 and Ki-67 biomarkers in a homogeneous Northern
German cohort of patients with pT'1 urothelial carcinoma
of the bladder. We furthermore hypothesized that there
is an association between marker positivity and disease
recurrence.

Methods
Study population

We included patients undergoing endoscopic treatment
due to cystoscopic evidence of a bladder tumor at four
institutions in Northern Germany between 2009 and 2016.
Only patients with pathologically confirmed pT'1 urothelial
carcinoma of the bladder according to the TNM staging
system and those with complete data on Ki-67 and p53
expression status were considered for final analyses. The
study was approved by the institutional review board and
informed consent was taken from all the patients.

Covariates

Baseline patient characteristics were assessed by retrospective
chart review and consisted of age at TURB'T, gender, and
age-adjusted Charlson comorbidity index (<2, 3-5, and
>6) (23). Tumor characteristics included the sequence of pT1

tau.amegroups.com Transl Androl Urol 2017;6(6):1018-1026



1020

diagnosis (primary vs. progressive tumors), tumor focality at
TURBT (unifocal vs. multifocal), concomitant carcinoma
in situ, World Health Organization (WHO) 1973 grading,
lymphovascular invasion at TURBT, and the administration
of any adjuvant instillation therapy (Bacillus Calmette-
Guérin or Mitomycin C).

p53 immunobistochemistry
The antibody DO1 (Oncogene; 1:3,600) was used for p53

protein detection after boiling the sections in an autoclave
in citrate buffer (pH=7.8). The EnVision system (Dako)
was used to visualize the immunostainings. Only intense
p53 staining in almost all tumor nuclei was considered
as positive and cytoplasmic staining was not considered
as positive. Normal urothelial and non-epithelial cells
(Iymphocytes, stromal cells, and endothelial cells), used as
negative controls, demonstrated no immunoreactivity.

Ki-67 immunobistochemistry

We used the Ki-67 antibody (Dako clone Mib-1; 1:400) to
detect Ki-67 protein after heating the TURBT sections up
to 98 °C for 20 minutes in citrate buffer (pH=9.0).

Ki-67 staining results were reported according to the
proportion of Ki-67-positive bladder tumor cells in five
percent increments, and only unequivocal nuclear staining,
regardless of its intensity, was counted. Ki-67 labeling
index was defined as positive when samples demonstrated
>40% reactivity. As previously reported (24), we utilized
the patient cohort reported in this study to assess the
discriminative ability of Ki-67 as a categorical variable
with 10% increments of cutoffs with regard to disease-free
survival (DFS) (data not shown). Univariable Cox regression
analyses revealed that the Ki-67 cutoff of 40% was the most
superior discriminator for DFS.

Study endpoint

Our statistical endpoint was DFS, which was defined
as the time interval between the date of TURBT with
pT1 diagnosis to the date of any tumor recurrence or
progression.

Statistical analyses

Our statistical analyses consisted of several steps.
First, we compared the distribution of patients with
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a negative and positive p53 and Ki-67 expression status
according to baseline patient and tumor characteristics.
Differences between the groups were assessed using
Student’s #-test and one-way analysis of variance (ANOVA)
for continuous variables (means and standard deviations;
SDs), and Pearson’s 3’ test for categorical variables
(frequencies and proportions), as appropriate.

Second, we calculated reverse Kaplan-Meier estimates for
median follow-up time in censored patients (25) and plotted
Kaplan-Meier curves (26,27) for DFS, comparing equality of
survival curves between p53 negative vs. positive and Ki-67
negative vs. positive patients by the log-rank test (28).

Third, we performed univariable Cox regression analyses
to calculate crude hazard ratios (HRs) for DFS for each
of the aforementioned covariates, and for p53 and Ki-67
expression status. Covariates with significant univariable
association with our endpoint were included into a
multivariable Cox regression model to identify independent
predictors of DFS. Given that p53 and Ki-67 expression
status were our main covariates of interest, we included
both into the multivariable model.

All statistical analyses were performed using Stata®
(StataCorp. 2015. Stata Statistical Software: Release 14.
College Station, TX: StataCorp LP), and reported P
values were two-sided and values <0.05 were considered
statistically significant.

Results

Complete data on p53 expression was available in
102 patients, and information on the Ki-67 labeling index
was available in 79 patients diagnosed with pT1 urothelial
carcinoma of the bladder. Mean age of the p53 and
Ki-67 cohort was 73.4 years (SD, 11.3 years) and 72.7 years
(SD, 11.9 years), respectively. In both groups, about 80%
of patients were men and had an age-adjusted Charlson
comorbidity index of >3. In more than 90% of the patients
in both groups, pT1 urothelial carcinoma was a primary
bladder cancer diagnosis; the remaining 10% harbored
recurrent tumors. In the p53 cohort, patients with a positive
p53 expression status harbored concomitant carcinoma
in situ more often (50.0% vs. 27.6%; P=0.032), and
presented with WHO grade 3 more frequently (97.7%
vs. 69.0%; P=0.001), as compared to their p53 negative
counterparts. In the Ki-67 cohort, the mean Ki-67 labeling
index was significantly higher in patients with WHO grade
3 vs. WHO grade 2 tumors (45.8 vs. 29.7; P=0.004), and
thus, Ki-67 positivity—according to our definition—was
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Figure 1 Kaplan-Meier curves depicting DFS in 88 patients with
pT1 urothelial carcinoma of the bladder, stratified according to
(A) Ki-67 expression status and (B) p53 expression status. DFS,

disease-free survival.

found more often in patients with WHO grade 3 compared
to WHO grade 2 tumors (93.3% wvs. 71.4%; P=0.019). All
baseline and tumor characteristics stratified according to
p53 and Ki-67 expression status are reported in Table 1.

Of 91 patients with available information on follow-up,
31 (34.1%) suffered from disease recurrence. Patients with a
follow-up <1 month were subsequently excluded to mitigate
potential bias due to short follow-up intervals, yielding a
final study population of 88 patients for survival analyses.
Reverse Kaplan-Meier estimate of median follow-up
was 51.0 months [95% confidence interval (CI), 24 to 56 months].
DEFS curves stratified according to p53 and Ki-67 expression
status are presented in Figure 14 and IB, respectively.
Kaplan-Meier curves in Ki-67 positive vs. Ki-67 negative
patients were slightly separated, but were not significantly
different (log-rank test: P=0.078). When comparing p53
positive vs. p53 negative patients, there was no difference in
DFS (log-rank test: P=0.8).
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In univariable Cox regression analyses, only lymphovascular
invasion at TURBT was associated with shorter DFS (HR,
3.42; 95% CI, 1.18-9.89; P=0.023), and neither Ki-67
(P=0.8) nor p53 (P=0.086) expression status were associated
with our endpoint. However, in multivariable analyses,
adjusting for lymphovascular invasion and p53 expression
status, Ki-67 positivity was significantly associated with
adverse DFS (HR, 2.66; 95% CI, 1.02-6.95; P=0.046). Uni-
and multivariable Cox regression analyses are reported in
Table 2.

Discussion

In an era of tailored treatment and personalized risk-
adapted therapeutic recommendations, many investigators
have focused on identifying potential biomarkers to
improve risk stratification in patients at highest risk of
disease recurrence and progression. Indeed, patients with
high-risk NMIBC according to the European Association
of Urology (EAU) risk groups (3) warrant continuous and
rigorous follow-up. Evaluating new prognostic tools on
a microscopic and molecular level in TURBT specimens
contains great potential of adding predictive value to already
established risk factors for adverse oncological outcomes,
and may ultimately guide adjuvant treatment decisions
such as the administration of Bacillus Calmette-Guérin
instillation therapy or early cystectomy. For example, current
EAU guidelines advocate the use of pT1 substaging (3),
although an optimal system remains to be defined (29,30).
On a molecular level on the other hand, tumor suppressor
gene TP53 product p53 and cell proliferation indicator
Ki-67 levels in tumor cells are known to have significant
impact on bladder cancer outcomes (18,31). However, to
date there are no recommendations regarding routine use
of protein biomarkers for risk stratification in NMIBC (3).
To report the expression, detection, and clinical value of
those biomarkers in a homogeneous cohort of patients,
we evaluated immunohistochemistry staining by central
pathological review of tumor specimen in patients with
primary diagnosis of pT1 bladder cancer and depicted
potential associations of protein overexpression and DFS.
Several of our findings are noteworthy.

First, we found that patients with p53 or Ki-67 positivity
presented with higher WHO grade at diagnosis and
concomitant carcinoma #z situ was found more often in
patients with p53 positive tumors. Numerous previous
studies have shown that p53 and Ki-67 may serve as a
surrogate for high-grade NMIBC (10,18,20,22,32-34).
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Table 1 Baseline and tumor characteristics in patients diagnosed with pT'1 urothelial carcinoma of the bladder, stratified according to p53 and Ki-67 expression status

p53 expression status

Ki-67 expression status

Characteristics Overall Negative Positive Overall Mean Ki-67 Negative  Positive
(N=102) (N=58) (Nedsy VAU (\70)  labelingindex (D) | “AY®  Noa9)  (N=30) | A€
Age at TURBT, 734(11.3)  73.0(11.9)  74.0(10.7) 0.7 727 - - 72.6 72.9 0.9
years; mean (SD) (11.9) (12.8) (10.5)
Gender; N (%) 0.6 0.4 0.6
Female 21 (20.6) 11 (19.0) 10 (22.7) 16 (20.3) 46.4 (5.3) 9(184)  7(23.3)
Male 81 (79.4) 47 (81.0) 34 (77.3) 63 (79.8) 41.6 (2.5) 40 (81.6) 23 (76.7)
ACCI; N (%) 0.7 0.4 0.9
<2 19 (18.6) 12 (20.7) 7 (15.9) 15 (19.0) 48.0 (25.5) 10(20.4)  5(16.7)
3-5 58 (56.9) 31 (53.5) 27 (61.4) 42 (53.2) 39.9 (20.0) 26 (53.1) 16 (53.3)
=6 25 (24.5) 15 (25.9) 10 (22.7) 22 (27.9) 43.9 (16.0) 13 (26.5) 9 (30.0)
Diagnosis sequence of pT1 carcinoma of the 0.4 0.2 0.2
bladder; N (%)
Primary 92 (90.2) 51 (87.9) 41(93.2) 72 (91.1) 41.8 (19.6) 46(93.9) 26 (86.7)
Recurrence 8(7.8) 5(8.6) 3(6.8) 6(7.6) 55.0 (24.1) 2 (4.1) 4(13.3)
Unknown 2 (2.0) 2 (3.5) 0() 1(1.3) 20.0 (0) 1(2.0) 00
Tumor focality; N (%) 0.1 0.6 0.8
Unifocal 43 (42.2) 23 (39.7) 20 (45.5) 34 (43.0) 44.9 (20.4) 20 (40.8) 14 (46.7)
Multifocal 38 (37.3) 26 (44.8) 12 (27.3) 29 (36.7) 39.5 (18.7) 18(36.7) 11(36.7)
Unknown 21 (20.6) 9 (15.5) 12 (27.3) 16 (20.3) 43.1 (22.4) 11225 5(16.7)
Concomitant carcinoma in situ; N (%) 0.032* >0.9 0.9
No 46 (45.1) 28 (48.3) 18 (40.9) 41 (51.9) 42.1 (21.4) 26 (53.1) 15 (50.0)
Yes 38 (37.3) 16 (27.6) 22 (50.0) 27 (34.2) 43.5 (17.4) 17 (34.7)  10(33.3)
Unknown 18 (17.7) 14 (24.1) 4(9.1) 11 (13.9) 41.8 (22.9) 6(122)  5(16.7)
WHO grade; N (%) 0.001~ 0.004* 0.019*
Grade 2 18 (17.7) 17 (29.3) 1(2.3) 16 (20.3) 29.7 (16.1) 14 (28.6) 2 (6.7)
Grade 3 83 (81.4) 40 (69.0) 43 (97.7) 63 (79.8) 45.8 (19.8) 35(71.4) 28(93.3)
Unknown 1(1.0 1(1.7) 0(-) 0() - 0(-) 0(-)
Lymphovascular invasion; N (%) 0.1 0.3 0.8
No 81 (79.4) 49 (84.5) 32 (72.7) 61 (77.2) 41.1(19.7) 39(79.6) 22 (73.3)
Yes 6(5.9) 46.9) 2 (4.6) 5(6.3) 54.0 (21.9) 3(6.1) 2(6.7)
Unknown 15 (14.7) 5(8.6) 10 (22.7) 13 (16.5) 45.0 (21.2) 7(143)  6(20.0)
Adjuvant instillation therapy (N=96/N=74); N (%) 0.3 0.8 0.3
No 33 (34.4) 17 (30.4) 16 (40.0) 24 (32.4) 41.5(14.2) 17 (37.0)  7(25.0)
Yes 63 (65.6) 39 (69.6) 24 (60.0) 50 (67.6) 42.8 (23.0) 29 (63.0) 21 (75.0)
Disease recurrence or progression (N=88/N=66); N (%) 0.6 0.048* 0.024*
No 57 (64.8) 32 (62.8) 25 (67.6) 46 (69.7) 39.8 (20.0) 32(80.0) 14 (53.9)
Yes 31(35.2) 19 (37.3) 12 (32.4) 20 (30.3) 50.9 (21.7) 8(20.0) 12 (46.2)

Percentages may not add up to 100% as they are rounded to the nearest tenth. P values marked with * indicate statistical significance. ACCI, age-
adjusted Charlson comorbidity index; SD, standard deviation; TURBT, transurethral resection of bladder tumor; WHO, World Health Organization.
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Table 2 Univariable and multivariable Cox regression analyses predicting DFS in patients diagnosed with pT'1 urothelial carcinoma of the bladder
Univariable Cox regression analyses Multivariable Cox regression analysis
Characteristics
HR (95% CI) P value HR (95% ClI) P value
Age at TURBT, years 1.00 (0.97-1.03) >0.9 - -
Male gender (Reference: female) 1.10 (0.45-2.67) 0.8 - -
ACCI (Reference: <2)
3-5 0.94 (0.37-2.34) 0.9 - -
>6 0.81 (0.26-2.51) 0.7 - -
Recurrent bladder tumor diagnosis (Reference: primary 1.54 (0.54-4.43) 0.4 - -
diagnosis)
Multifocal tumor (Reference: unifocal) 1.76 (0.81-3.80) 0.2 - -
Concomitant pTis (Reference: no pTis) 1.69 (0.72-3.96) 0.2 - -
WHO grade 3 (Reference: grade 2) 1.86 (0.57-6.13) 0.3 - -
Lymphovascular invasion (Reference: no) 3.42 (1.18-9.89) 0.023* 3.18 (0.90-11.24) 0.072
Adjuvant instillation therapy (Reference: no) 1.10 (0.49-2.46) 0.8 - -
p53 positive (Reference: p53 negative) 0.92 (0.44-1.89) 0.8 0.91 (0.35-2.38) 0.8
Ki-67 positive (Reference: Ki-67 negative) 2.20 (0.89-5.36) 0.086 2.66 (1.02-6.95) 0.046*

P values marked with * indicate statistical significance. DFS, disease-free survival; ACCI, age-adjusted Charlson comorbidity index; Cl, confidence interval;

HR, hazard ratio; TURBT, transurethral resection of bladder tumor; WHO, World Health Organization.

Ki-67 is directly associated to cell proliferation (16) and a
mutated TP53 gene results in higher levels of p53 protein
expression due to a prolonged half-life of the protein (12).
Thus, intuitively it seems reasonable that in tumors with
high levels of a proliferation trigger and an overexpressed
dysfunctional tumor suppressor, pathological parameters
such as grading are worse compared to a tumor cell with
moderate or no molecular alterations.

Second, in univariable Kaplan-Meier analyses, there
was no difference in DFS when patients were stratified
by biomarker positivity. However, after adjusting in
multivariable analyses, Ki-67 positivity was significantly
associated with shorter DFS. In general, evidence of
the predictive value of solitary markers such as p53 and
Ki-67 are contradictory, and most studies pool patients
with different NMIBC stages rather than reporting
outcomes for a specific subgroup (14,17,35-37). However,
there are a number of studies explicitly focusing on pT1
bladder cancer, which corroborate our findings (19,20). For
example, a study group from the Memorial Sloan-Kettering
Cancer Center prospectively evaluated 89 patients with
primary pT1 diagnosis and found no significant association
between p53 overexpression and progression or survival (20).
Similarly, a French study group found no independent
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predictive value of p53 regarding progression in 94 pT1
patients (19). Conversely, in a recent meta-analysis of
studies evaluating the prognostic value of p53 in 712 pT1
bladder cancer patients, the authors suggest an association
of p53 overexpression and progression [pooled risk ratio
(RR), 2.32; 95% CI, 1.59-3.38; P<0.0001] (13).

The literature on the predictive value of Ki-67
expression in pT1 bladder cancer is contradictory as well.
A Spanish study group evaluated tumor specimen by
immunohistochemical staining in 175 patients with a pT1
diagnosis and found no prognostic value of Ki-67 when
analyzing cancer-specific survival as an endpoint (22).
Similarly, another Spanish group found an association of
Ki-67 positivity and disease-free, progression-free, and
overall survival in 51 patients with pT1 G3 bladder cancer
in univariable analyses, which, however, did not hold true
in multivariable models (21). Interestingly, in a recent
systematic review and meta-analysis, the authors found an
association of high Ki-67 expression and shorter recurrence-
free survival (pooled HR, 1.45; 95% CI, 1.09-1.93; P=0.01)
when summarizing six studies including 927 patients, which
performed pT'1 subgroup analyses (18). Similar trends were
found for progression-free survival (pooled HR, 1.78; 95%
CI, 1.22-2.60; P=0.003) and cancer-specific survival (pooled

tau.amegroups.com Transl Androl Urol 2017;6(6):1018-1026
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HR, 2.86; 95% CI, 1.16-7.02; P=0.02) when summarizing
five and three studies including 799 and 695 patients,
respectively (18).

Two things have to be considered when interpreting
findings from aforementioned meta-analyses and the
available primary data. First, almost all studies suffer
from significant heterogeneity regarding the populations
included. This is of particular relevance regarding the cutoff
values used to define p53 or Ki-67 positivity. Given that
there is no internationally approved cutoff for biomarker
positivity, the presented findings have to be inferred
with greatest caution, as patients were pooled without
accounting for the different thresholds. In addition, there
is no standardization regarding the confounding variables,
which were adjusted for when presenting independent
predictive value of p53 and Ki-67 using multivariable
models. The most likely reason for this is a low number of
samples and events when performing multivariable analyses,
which may lead to over-fitting otherwise. Second, there
has been a shift towards the implementation of combined
biomarker panels and molecular subtyping in the NMIBC
setting. Considering molecular relationships of different
mRNA or protein biomarkers, this is a logical consequence
in order to account for several molecular interactions
regarding cell proliferation and tumor suppression. For
example, Shariat ez 4. showed the predictive benefit of a
combination of altered biomarkers (p53, p27, and Ki-67)
over solitary biomarker positivity in 80 patients with
pT1 bladder cancer (38). In another multicenter study,
van Rhijn er 4/ validated the European Organization for
Research and Treatment of Cancer (EORTC) risk scores as
adopted in the EAU guidelines in a cohort of 230 patients
with primary NMIBC and determined its relation to
molecular grade based on fibroblast growth factor receptor
3 (FGFR3) gene mutation status and Ki-67 expression (8).
Predictive accuracy for disease progression was increased
from 74.9% to 81.7% when including molecular grade
(P<0.001). Most recent studies have finally shown the value
of distinguishing molecular subtypes based on different
biomarker expression patterns to improve risk stratification
and provide information on tumor progression. Sjodahl
et al. suggested immunohistochemistry-based subtypes,
defining urobasal, genomically unstable, and squamous-
cell-carcinoma-like urothelial tumors (39). This subtype
classification was validated in 167 patients with pT'1 stage
and rapidly progressing tumors were strongly associated
with genomically unstable or squamous-cell-carcinoma-like
tumors (40). Another approach is the molecular subtyping
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of bladder cancer according to distinct molecular classes
resembling features of luminal and basal breast cancer
subtypes (41), which was validated in 255 patients with
pT1 disease (6). In short, future research will be highly
dependent on evaluating different biomarker panels,
microscopic, and molecular subtypes rather than focusing
on singular protein biomarkers. However, in concordance
with the available literature, our study suggests a certain
role of Ki-67 within those potential biomarker panels,
whereas the role of p53 remains unclear.

The presented findings have to be cautiously interpreted
within certain limitations of our observational study design.
First, given the retrospective nature of the data used,
remaining selection bias is likely, as only patients with
available information on p53 and Ki-67 expression from
a pool of individuals with pT1 urothelial carcinoma were
selected for analyses. Further, tumor size was available
in a minority of our cohort, which made adequate risk
adjustment for this variable impossible. Given that tumor
size is an established risk factor of disease recurrence in
NMIBC, this may have introduced a certain bias into our
analyses. Second, no officially approved threshold exists
regarding the Ki-67 labeling index to define Ki-67 positivity
in urinary bladder cancer (18). We attempted to evaluate
the threshold in our cohort to provide highest precision
in predicting DFS using a method, which has been
previously described (24). However, residual inaccuracies
due to the relatively small sample size cannot be ruled out.
Moreover, given that number of events was quite low, our
multivariable regression model was prone to over-fitting,
which we attempted to mitigate by purposefully selecting
covariates for this model, and including only those showing
a significant univariable association with our endpoint as
well as our main variables of interest. Third, the purpose of
this study was not to frame a robust statement on whether
p53 and Ki-67 expression analyses should or should not
be routinely performed. We rather sought to mirror the
expression patterns in a contemporary series of patients,
and to delineate potential implications for subsequent risk
stratification and treatment in those patients at highest
risk of disease recurrence and progression. In addition,
our findings may be of importance regarding future study
design in pT'1 bladder cancer.

In conclusion, we found an association of a Ki-67 labeling
index >40 at TURBT and shorter DFS in a contemporary
sample of patients diagnosed with pT1 urothelial carcinoma
of the bladder. Conversely, the predictive benefit of p53

expression in those patients seemed to be marginal in our
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patient cohort. Given the non-negligible risk of disease
recurrence and progression in pT'1 bladder cancer patients,
there is further need of identifying additional risk factors
and biomarker panels, which may improve risk stratification
to guide adjuvant therapies, such as intravesical instillation
therapy or early cystectomy. Specifically in the case of
Ki-67, large prospectively planned studies are warranted to
adequately evaluate optimal thresholds while adjusting for
all relevant cofactors with regard to DFS.
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