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ABSTRACT

Introduction: There is an urgent need to iden-
tify patients with bladder cancer (BC) who are at
high risk of recurrence or progression. Cal-
granulin A is a strong marker for muscle-inva-
sive or advanced BC and recent studies have
shown its potential for identifying patients at

risk even in non-muscle-invasive bladder cancer
(NMIBC). The present study examines risks of
recurrence and progression dependent on
immunostaining with calgranulin A in NMIBC.
Methods: Calgranulin A protein expression was
evaluated through the immunohistochemistry
of 158 randomly selected, transurethrally
resected BC specimens of separate patients (pTa
89, pT1 69) using tissue microarrays. Kaplan–
Meier survival analysis and Cox regression were
performed to determine whether calgranulin A
expression is associated with recurrence-free
survival (RFS), progression-free survival (PFS), or
cancer-specific survival (CSS).
Results: Calgranulin A expression is signifi-
cantly different between pTa and pT1 tumors
(p = 0.000, Mann–Whitney U test) and between
tumor grades (p = 0.015, Kruskal–Wallis test).
Kaplan–Meier estimates produced significant
results for low and high calgranulin A expres-
sion concerning RFS [5y-RFS 70.4 ± 4.0% vs.
35.9 ± 12.5%, median RFS not reached (NR) vs.
12.0 ± 4.4 month, p = 0.029, log-rank test], PFS
(5y-PFS 90.3 ± 2.7% vs. 51.5 ± 14.0%, median
PFS NR in both groups, p = 0.000, log-rank test),
and CSS (5y-CSS 92.9 ± 2.6% vs. 70.7 ± 12.4%,
median CSS NR in both groups, p = 0.005, log-
rank test). Calgranulin A remained an inde-
pendent factor for RFS (p = 0.024, HR 2.43) and
PFS (p = 0.002, HR 5.92) according to the mul-
tivariate Cox regression model.
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Conclusions: Calgranulin A expression in
NMIBC, detected through immunohistochem-
istry, is a promising marker for the identifica-
tion of NMIBC patients at high risk of
recurrence and progression.
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INTRODUCTION

Bladder cancer (BC) has the highest lifetime
treatment cost per patient of all cancers [1],
amounting in the European Union to approxi-
mately €4.9 billion per year [2]. Approximately
75–85% of patients with BC present with the
disease confined to the mucosa (stage pTa, pTis)
or to the submucosa (stage pT1). Of these
patients approximately 50% will have at least
one tumor recurrence, and periodic cysto-
scopies of all these patients are mandatory to
detect recurrence as early as possible. Long-term
cost benefits can be achieved through reduced
tumor recurrence and potentially reduced pro-
gression rates [1]. In addition to recurrence,
11% of initial non-muscle-invasive bladder
cancers (NMIBC) will progress to a muscle-in-
vasive stage [3]. High-grade pT1 (formerly pT1
G3) BC in particular has a high propensity to
recur and will progress to a muscle-invasive
stage in approximately 50% of patients [4]. The
unpredictable biological behavior of NMIBC,
including the development of locally invasive
tumor growth, the latter mainly a risk for
patients with pT1 tumors, is one of the dilem-
mas faced during the treatment of the disease.
Currently, the search for reliable serum- and
urine-based, histological or staging criteria that
can adequately predict recurring or progressive
tumors is ongoing. Identification of patients at
high risk is needed to select them for a more
aggressive approach to therapy and follow-up.

There are many strategies to classify the risk
of recurrence and/or progression of BC. Gener-
ally, NMIBC can be stratified into high-, inter-
mediate, and low-risk groups depending on
tumor stage, grade, size, number, and

recurrence pattern [3, 5]. Although the strength
of the European Organization for Research and
Treatment of Cancer (EORTC) risk groups is
their excellent database, in individual cases it is
sometimes difficult to decide on the basis of the
primary tumor occurrence because of the need
for the time-dependent factor ‘‘recurrence’’ and
because of the likelihood to have understaging
in transurethral resection of bladder tumors
(TURBT) [6]. Technical improvements in the
surgical treatment of NMIBC, such as photody-
namic diagnosis-assisted transurethral resection
of bladder tumor, are targeted at a reduction in
recurrence rates [7]. Many novel tumor markers
have been identified and are still being evalu-
ated to improve the accuracy of prognosis and
therapy [8, 9].

Calgranulin A (S100A8) belongs to the S100
protein family, which has more than 20 mem-
bers, all carrying a Ca2?-binding EF-Hand motif.
Calgranulin A is a protein of 10.83 kD and its
gene is located at chromosome 1q21 [10]. It
forms a heterodimer with calgranulin B
(S100A9) which is called calprotectin. Calgran-
ulin A may function in the inhibition of casein
kinase and as a cytokine, and S100 proteins are
involved in cell differentiation and cell cycle
regulation [11, 12]. The precise function of the
S100 proteins in tumorigenesis and tumor pro-
gression is still unknown but recent reports
emphasize their role as a regulator of tumor
progression [13]. Calgranulin A has been iden-
tified as highly expressed in muscle-invasive
and advanced BC; however, studies of calgran-
ulin A expression and its role in NMIBC are
sparse.

The aim of this study was to assess the risks
of recurrence and progression dependent on
calgranulin A immunostaining in transur-
ethrally resected bladder cancer specimens for
the identification of NMIBC at high risk of
recurrence or progression.

METHODS

This study was performed in consideration of
the Declaration of Helsinki [14]. Patient data
and specimens were used with informed
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consent, and this was approved by the ethics
committee of the medical faculty at the
University of Tübingen, Germany.

Patients

This study included a total of 158 archival his-
tological specimens of separate patients with
primary NMIBC (pTa and pT1), treated by
transurethral resection between 1993 and 2002.
In this study, specimen selection was based
solely on the availability of well-preserved
tumor tissue blocks and the availability of
enough tissue in those blocks for microarray
preparation. A database of patients with paraffin
blocks of the resected bladder tumor available
was first created. Only patients with a minimum
follow-up of 3 years following initial transure-
thral treatment of the lesion or in case of tumor
recurrence or progression regardless of the time
when either recurrence or progression occurred
were included. All tumors were initially diag-
nosed by pathologists and graded according to
the 1973 WHO grading system [15]. As the
sample collection was all performed before the
implementation of the 2004 WHO grading sys-
tem for urothelial cancers, the new classifica-
tion could not be used in the present study.
Patient data and follow-up information were
collected retrospectively by searching the clini-
cal information system. Missing follow-up data
was collected by written inquiry to the referring
urologists. Inpatient treatment and outpatient
follow-up were performed according to the EAU
guidelines on non-muscle-invasive urothelial
carcinoma of the bladder [16]. Follow-up con-
forming to the guidelines was recommended to
all referring urologists, who performed follow-
ups themselves, but data about the reliability of
the recommended follow-up is lacking. The
same cohort was validated in four previous
biomarker studies investigating galectin-3 [17],
HYAL-1 hyaluronidase [18], maspin [19], and
galectin-8 [20]. Recurrence was defined as the
reappearance of a tumor at the same tumor
stage. Recurrence-free follow-up was assumed if
there was no tumor reported in routine cysto-
scopies, performed either at the hospital or by
the referring urologist. Progression was defined

as tumor development to a higher tumor stage,
and cancer-specific death was presumed if the
patient died within the follow-up period as a
result of progressive bladder cancer disease. In
the 158 cases studied, clinicopathologic
parameters and a complete follow-up were
available. The median follow-up interval was
49.5 months and the last follow-up data was
collected in 2009.

Twenty-four tumor specimens from patients
with muscle-invasive bladder cancer (C pT2)
were also analyzed to investigate differential
staining patterns, in contrast to non-muscle-
invasive tumor specimens. In these cases, clin-
ical data was available, but follow-up data was
not suitable for inclusion in our assessment of
recurrence and progression, because of the
divergent therapies these patients underwent.
These 24 patients with muscle-invasive tumors
were therefore not included in the survival
analyses, but they were additionally examined
in the assessment of calgranulin staining levels
regarding tumor stage and grade.

Tissue Microarray
and Immunohistochemical Analysis

The 158 non-muscle-invasive and 24 muscle-
invasive tumor specimens were routinely for-
malin-fixed, dehydrated, and embedded in
paraffin. Hematoxylin and eosin staining was
performed on 4-lm sections for each tumor
specimen to validate tumor stage and grade, as
well as for the onset of tissue microarrays
(TMA). The TMAs were constructed as described
previously [21, 22]. TMA slides were stained for
S100A8 protein expression using a monoclonal
antibody to calgranulin A (Mouse/IgG2b Clone:
CF-145, Acris Antibodies GmbH, Herford, Ger-
many). Sections were demasked by incubation
at 60 �C using a 10 mM citrate buffer (pH 6.0).
After the blocking of endogenous peroxidases,
the sections were treated using the avidin/bi-
otin blocking kit (Vector Laboratories, Burlin-
game, CA, USA) to block endogenous biotin as
well as unspecific avidin binding. Following
treatment in 4% (w/v) nonfat milk for 30 min,
the slides were incubated with the monoclonal
antibody to calgranulin A (dilution 1:60,
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incubation overnight at room temperature).
The sections were stained using the standard
avidin–biotin system according to the manu-
facturer’s protocols. Signal amplification using
tyramide was carried out as described previously
[23, 24]. The tissue sections were counterstained
with hematoxylin. To rule out false positive
results, a single tissue microarray slide played
the role of another negative control and was
immunohistochemically processed as described
above, except for the antibody incubation step.
No signals were obtained in this additional
negative control slide. Positive control was
performed by staining well-defined BC samples
of muscle-invasive tumors, approved and staged
by a pathologist from our institution. All posi-
tive control samples showed full and intensive
staining of the tumor. TMA sections were
reviewed and rated after immunohistochemical
staining by two independent investigators
(APN, MWK), completely blinded to the clinical
data and follow-up information. A regular
bright-field microscope was used to determine
the grading index of the TMA staining. We used
a system of TMA grading indexing between 0
and 300, as described previously [21, 25]. All
cases where results differed between the two
investigators were double-checked, and the
calgranulin A staining levels were finally deter-
mined by consensus, still blinded to the clinical
data.

Statistical Analysis

Statistical analysis was performed using IBM�

SPSS� Statistics Version 23 (IBM Corporation,
Armonk, NY, USA) and the open-source statis-
tical software ‘‘R’’, version 3.4.3 (https://www.R-
project.org). Continuous variables are expressed
as mean and standard deviation, or median and
range, and categorical variables are expressed
with absolute and relative frequencies. Mean
and median values were reported after visual
assessment of data via histogram plots, with
normally distributed values reported with
means and standard deviation and non-nor-
mally distributed values reported with medians
and range. Time-dependent variables as well as
patient age were reported with medians and

range. Additionally, the Kolmogorov–Smirnov
test was used to evaluate distributions of cal-
granulin A staining levels. At each test the null
hypothesis was assuming that there is no dif-
ference between the test variables, and p values
less than 0.05 were considered statistically sig-
nificant resulting in rejection of the null
hypothesis. The Mann–Whitney U test and
Kruskal–Wallis tests were performed to evaluate
calgranulin A staining levels according to vary-
ing clinical variables. Correlation between age
and calgranulin A staining index was assessed
with Spearman’s rank correlation coefficient.
The cutoff determination was explicitly per-
formed after data acquisition and prior to sta-
tistical first statistical analysis. The ‘‘Significance
of correlation with survival variable’’ method in
the cutoff finder tool from Budczies et al. [26]
was used for cutoff determination: this method
fits Cox proportional hazard models for the
dichotomized variable and the survival variable.
Hazard ratios (HRs) were calculated with 95%
confidence intervals (CI). Prognostic evaluation
was performed using Kaplan–Meier survival
analysis and log-rank tests. Cox proportional
hazards regression was used to assess the inde-
pendent prognostic value of calgranulin A
expression levels.

RESULTS

Assessment of Immunohistochemical
Staining of Calgranulin A

Only the staining reaction within tumor cells
was used for the classification of the immuno-
histochemical staining patterns. Calgranulin A
expression was preferably detected within the
cytoplasm of tumor cells (Fig. 1). In a few cases,
nuclear staining was observed, however, this
revealed no prognostic information for the
present cohort of patients.

Correlation of Calgranulin A Expression
and Clinicopathological Parameters

Of the 158 NMIBC specimens included in the
present investigation, 122 (77.2%) were from
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male and 36 (22.8%) from female patients. The
median age at diagnosis was 69.0 years (range
32–90) and the median follow-up interval was
49.5 months (range 4–139). According to
histopathologic evaluation, tumor stages were
classified as pTa in 89 (56.3%) and pT1 in 69
(43.7%). Concomitant carcinoma in situ (pTis)
was found in 7 (4.4%) patients, one in stage pTa
and six in stage pT1. The tumor grades of the
cases included in the prognostic evaluation
were as follows: G1 in 60 (38.0%) cases, G2 in 86
(54.4%), and G3 in 12 (7.6%) (Table 1). Twenty-
four cases with stage C pT2 were compared to
the NMIBC specimens. Consequently, 182
specimens were included in the analysis of cal-
granulin A expression regarding tumor stage
and grade, of which 89 (48.9%) were pTa, 69
(37.9%) pT1, and 24 (13.2%) C pT2. The distri-
bution of tumor grades in the 182 cases was G1
in 60 (33.0%), G2 in 93 (51.1%), and G3 in 29
(15.9%) cases.

Calgranulin A expression patterns were tes-
ted for various patient and tumor characteris-
tics, such as patient’s age and gender, the
detection of pTis in addition to the primary
papillary lesion, multifocality, and tumor stage
and grade. There was no positive or negative
correlation between patient age and calgranulin
A expression levels (sample size 158, Spearman’s
correlation coefficient rs = 0.13, p = 0.103).
Moreover, there were no significant differences

in calgranulin A expression levels for gender
(sample size 158, p = 0.108, Mann–Whitney
U test). Furthermore, patients with or without
multifocal tumor growth showed no significant
differences in calgranulin A expression levels
(sample size 158, p = 0.075, Mann–Whitney
U test). Because the results for age, gender, and
multifocality were close to significance, further
tests of these variables were also included in the
Kaplan–Meier survival analysis. Simultaneous
detection of pTis in the specimens showed

Fig. 1 Calgranulin A expression detected immunohisto-
chemically using anti-S100A8 mAb. Arrows indicate
positive staining of epithelial (black) and subepithelial
(white) tumor cells

Table 1 Distribution of clinicopathological parameters

Parameter N % Mean calgranulin
A expression
level (0–300)

Tumor stage

Ta ? T1 158 100.0 26.13

Ta 89 56.3 8.26

T1 69 43.7 49.19

Concomitant pTis

No 151 95.6 24.83

Yes 7 4.4 54.29

Tumor size (cm)

\ 3 129 81.6 28.53

C 3 8 5.1 0.83

Multifocality

No 104 65.8 19.57

Yes 54 34.2 38.77

Tumor grade

G1 60 38.0 13.93

G2 86 54.4 33.47

G3 12 7.6 34.58

Gender

Male 122 77.2 20.17

Female 36 22.8 46.34

Age (years)

B 69.0 80 50.6 18.82

[ 69.0 78 49.4 33.63
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significant differences in calgranulin A expres-
sion levels when compared to specimens with-
out pTis (sample size 158, p = 0.030,
Mann–Whitney U test).

Higher calgranulin A expression was signifi-
cantly associated with a higher tumor stage
(sample size 182, p = 0.000, Kruskal–Wallis test)
and shows significant difference between pTa
and pT1 lesions (sample size 158, p = 0.000,
Mann–Whitney U test). Calgranulin A expres-
sion was also significantly divergent between
tumor grades (sample size 182, p = 0.015,
Kruskal–Wallis test) (Fig. 2).

Correlation of Calgranulin A Expression
and Follow-up Data (Recurrence-Free
Survival, Progression-Free Survival,
Cancer-Specific Survival)

Information about RFS, PFS, and CSS at the end
of the follow-up period was available in 158,
158, and 145 cases, respectively. Recurrence
occurred in 67 (42.4%) patients, of which 39
(58.2%) had stage pTa and 28 (41.8%) stage pT1.
Progression developed in 24 (15.2%) of the
patients. In the group with progression, 11
(45.8%) had stage pTa and 13 (54.2%) stage pT1.
The median time to recurrence was 10 months
(range 3–72) and the median time to progres-
sion was 11 months (range 0–79). Cancer-
specific death occurred in 14 (8.9%) patients
and the median time to cancer-specific death
was 29.0 months (range 6–83).

Cutoff calculation resulted in different cutoff
values of calgranulin A staining index: 95 for
RFS and 108 for PFS and CSS. Calgranulin A
staining indices less than the cutoff values were
classified as low calgranulin A expression, and
values greater than or equal to the cutoff as high
calgranulin A expression.

In the Kaplan–Meier survival analysis we
found significant differences between low and
high calgranulin A expression in terms of RFS
(sample size 158, 5y-RFS 70.4 ± 4.0% vs.
35.9 ± 12.5%, median RFS not reached (NR) vs.
12.0 ± 4.4 month (95% CI 3.3–20.7), p = 0.029,
log-rank test), PFS (sample size 158, 5y-PFS
90.3 ± 2.7% vs. 51.5 ± 14.0%, median PFS NR
in both groups, p = 0.000, log-rank test), and
CSS (sample size 145, 5y-CSS 92.9 ± 2.6% vs.
70.7 ± 12.4%, median CSS NR in both groups,
p = 0.005, log-rank test) (Fig. 3). Moreover,
Kaplan–Meier survival analysis for RFS depen-
dent on age (\69 years vs. C 69 years) showed
no significant difference (sample size 158, 5y-
RFS 59.5 ± 5.9% vs. 50.0 ± 6.1%, median RFS
NR vs. 40.0 ± 13.0 month (95% CI 14.4–65.6),
p = 0.103, log-rank test). On the other hand,
Kaplan–Meier survival analysis for PFS (sample
size 158, 5y-RFS 88.2 ± 3.9% vs. 50.0 ± 6.1%,
median RFS NR in both groups, p = 0.030, log-
rank test) and CSS (sample size 145, 5y-RFS
91.9 ± 4.2% vs. 76.4 ± 7.2%, median RFS NR in
both groups, p = 0.036, log-rank test) resulted in

Fig. 2 Calgranulin A expression was significantly associ-
ated with a higher tumor stage (a p = 0.000;
Kruskal–Wallis test) and tumor grade (b p = 0.015;
Kruskal–Wallis test)
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significant differences dependent on age. Fur-
thermore, there were no significant differences
in Kaplan–Meier survival analysis comparing
gender (male vs. female) against RFS (sample
size 158, 5y-RFS 49.7 ± 5.0% vs. 62.8 ± 8.9%,
median RFS NR in both groups, p = 0.423, log-
rank test), PFS (sample size 158, 5y-RFS
83.6 ± 3.9% vs. 75.1 ± 8.6%, median RFS NR in
both groups, p = 0.357, log-rank test), and CSS
(sample size: 145, 5y-RFS 91.0 ± 3.4% vs.
81.8 ± 7.5%, median RFS NR in both groups,
p = 0.233, log-rank test). Surprisingly, Kaplan–
Meier survival analysis comparing unifocal
tumors vs. multifocal tumors were not signifi-
cant for RFS (sample size 158, 5y-RFS
57.7 ± 5.4% vs. 44.1 ± 7.2%, median RFS not
reached (NR) vs. 26.0 ± 15.6 month (95% CI
0.0-56.6), p = 0.151, log-rank test) and CSS
(sample size 145, 5y-RFS 88.4 ± 4.0% vs.
89.9 ± 4.8%, median RFS not NR in both
groups, p = 0.892, log-rank test), but resulted in
a significant difference concerning PFS (sample
size 158, 5y-RFS 86.2 ± 4.0% vs. 74.1 ± 6.7%,
median RFS not NR in both groups, p = 0.044,
log-rank test).

Cox proportional hazard analysis was per-
formed to evaluate independent variables for
RFS, PFS, and CSS (Table 2). As the limited
number of events concerning recurrence
(n = 67), progression (n = 24), and cancer-
specific deaths (n = 14) in our dataset was a
delimiter for the number of covariates in mul-
tivariate Cox regression, we decided to deter-
mine the covariates based on the already
existing EORTC risk factors (without prior
recurrence rate, because of the fact our cases
contained only primary tumors). Covariates in
the Cox proportional hazard analysis were cal-
granulin A expression (low vs. high), tumor
stage (pTa vs. pT1), concomitant pTis (no vs.
yes), tumor size (\3 cm vs. C 3 cm), number of
tumors, and tumor grade (G1 vs. G2 or G3). In
the univariate Cox regression calgranulin A
expression was consistently the only significant
factor among the chosen covariates regarding
RFS (sample size 158, p = 0.036, HR 2.06), PFS
(sample size 158, p = 0.000, HR 5.35), and CSS
(sample size 145, p = 0.011, HR 4.55). In the
multivariate Cox regression calgranulin A
expression remained an independent factor for

RFS (sample size 158, p = 0.024, HR 2.43) and
PFS (sample size 158, p = 0.002, HR 5.92), but
failed to be significant in CSS (sample size 145,
p = 0.147, HR 3.24).

DISCUSSION

The main predicament of NMIBC remains the
high percentage of patients who will suffer
recurrence or progression. Patients with pTa
tumors have a likelihood of recurrence from
50% to 80%, but on the other hand, the main
threat of the pT1 and pTis stages is the risk of
progression to a higher stage (10–30%) [27].
Some patients with pT1G3 BC will undergo
lifelong invasive surveillance without any
recurrence after therapy [28]. It is crucial for the
outcome of the disease to identify those tumors
with high risk of recurrence and progression, in
order to adjust the treatment or surveillance
strategy according to individual risk. The data
most commonly used to predict the further
outcome and treatment of BC is currently clin-
icopathological, such as the tumor stage, tumor
grade, size of the tumor, multifocality, and prior
recurrence rate. To quantify the risk and
implement risk groups, EORTC developed a
scoring system based on six variables to calcu-
late the probability of recurrence (score from 0
to 17) and progression (score from 0 to 23),
using data from 2596 patients who participated
in seven EORTC trials [3]. On the basis of these
scores, the European Association of Urology
(EAU) defined risk groups for recurrence and
progression in their guidelines [29]. Different
prognostic models and nomograms for risk
grouping, using clinicopathological patterns,
have been published for NMIBC and have been
widely used in clinical practice, starting in 1989
with the British Medical Research Council Sub-
group on Superficial Bladder Cancer [30], later
with the Spanish group led by Millan-Rodriguez
[5], and recently by Sylvester’s EORTC risk
tables [3]. In contrast to the use of clinico-
pathological parameters alone, the nomogram
of Shariat et al., which uses age, gender, urine
cytology, and a urine-based biomarker test
(nuclear matrix protein, NMP22), can predict
the probability of recurrence and progression in
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NMIBC with high accuracy [31]. Recent findings
have demonstrated that NMIBC can be grouped
into three major subclasses with basal- and
luminal-like characteristics and different clini-
cal outcomes [32]. Finally, a recent report
highlighted the assessment and reporting of
lymphovascular invasion and variant histology
in TUR specimens as important for risk stratifi-
cation and decision-making [33].

In search of novel prognostic tools, a great
variety of biomarkers have been examined. For
implementation in routine clinical practice, a
prognostic marker should be simple and cost-
effective, such as the immunostaining of
pathological specimens.

Calgranulin A has been shown to be associ-
ated with invasive and metastatic tumor
growth. The association of the deregulation of
S100A8 has also been demonstrated in prostate
(sample size 75; immunohistochemistry) [34],
colon (sample size 23 matched pairs; 2D-PAGE
and MALDI-MS) [35], gastric (sample size 218;
TMA immunohistochemistry) [36], and gall
bladder cancer (sample size NA; two-dimen-
sional liquid chromatography and tandem mass
spectrometry) [37].

Tolson et al. used the SELDI-TOF analysis of
12 pairwise BC specimens, comparing muscle-
invasive BC biopsies with homologous normal
tissue, to demonstrate that calgranulin A is
highly overexpressed within tumor cells, and
suggested a prognostic value of S100A8 in BC
[38]. A systematic evaluation of the S100 pro-
tein family, using microarray and real-time PCR
in murine and human BC specimens (sample
size NA), detected S100A8 overexpression in
comparison to normal bladder tissue [39].
Associations with stage progression, invasion,
metastasis, and poor survival have also been
presented in a review by Yao et al. [13]. Pil-
chowski et al. identified calgranulin A as sig-
nificantly overexpressed in metastatic BC

compared to non-metastatic muscle-invasive
BC specimens, via Protein Chip technology
surface enhanced laser desorption/ionization
time of flight mass spectrometry (sample size
88) [40]. In a proteomic study from Minami
et al. comparing the pre- and postoperative sera
and bladder tumor specimens from 77 BC
patients, S100A8 was identified as associated
with muscle-layer tumor invasion and cancer-
specific survival [41]. Ebbing et al. detected
urinary calprotectin concentrations signifi-
cantly higher in patients with bladder cancer
than in healthy controls (sample size 181) [42].
Finally, a microarray gene expression profiling
study by Kim et al., using a four-gene signature
including S100A8 gene expression levels,
showed that these gene signatures could sig-
nificantly predict the progression of muscle-in-
vasive bladder tumors (sample size 128) [43].

There is still sparse information for NMIBC
about the usefulness of calgranulin A as a
prognostic tool. Ha et al. offered the first evi-
dence for this, examining the mRNA expression
of S100A8 in 103 NMIBC tissue samples, and
concluding that calgranulin A might be a useful
prognostic marker for progression to MIBC [44].
Kim et al. illustrated that the microarray gene
expression profiling of 103 tissue samples is a
promising diagnostic tool for the identification
of NMIBC patients with a high risk of progres-
sion to MIBC [45]. Bansal et al. detected signif-
icant differences in calgranulin A expression
between low-grade and high-grade BC in 160
preoperatively examined patients, using serum-
based proteomics [46], and could even show
that expression levels were gradually and sig-
nificantly reduced after surgical treatment [47].

In the present study, the immunostaining of
tumor cells with an antibody against calgran-
ulin A showed significant differences regarding
the tumor stage and grade of patient specimens.
It therefore appears that its expression posi-
tively correlates with tumor invasiveness and
differentiation, as demonstrated by previous
research groups [38–40]. Remarkably, calgran-
ulin A expression levels in NMIBC, observed via
immunostaining, are very low, with 66.5% of all
superficial tumor specimens showing no cal-
granulin A expression at all (calgranulin A
staining index = 0). The overexpression of

bFig. 3 Kaplan–Meier survival analysis shows significant
differences between low and high calgranulin A expression
in terms of RFS (a p = 0.029, log-rank test), PFS
(b p = 0.000, log-rank test), and CSS (c p = 0.005, log-
rank test)
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Table 2 Cox proportional hazard models

Parameter Hazard ratio 95% confidence interval p value

Recurrence-free survival (RFS)

Univariate Cox regression

Calgranulin A expression 2.06 1.05–4.04 0.036

Tumor stage 1.06 0.65–1.72 0.815

Concomitant pTis 0.63 0.15–2.55 0.513

Tumor size 0.58 0.14–2.40 0.455

Multifocality 1.11 0.86–1.45 0.426

Tumor grade 1.03 0.63–1.67 0.916

Multivariate Cox regression

Calgranulin A expression 2.43 1.12–5.25 0.024

Tumor stage 0.95 0.48–1.89 0.883

Concomitant pTis 1.05 0.24–4.51 0.949

Tumor size 0.69 0.16–2.98 0.615

Multifocality 1.18 0.88–1.58 0.262

Tumor grade 0.98 0.52–1.83 0.948

Progression-free survival (PFS)

Univariate Cox regression

Calgranulin A expression 5.35 2.11–13.57 0.000

Tumor stage 1.80 0.80–4.04 0.156

Concomitant pTis 1.11 0.15–8.24 0.919

Tumor size 0.05 0.00–118.45 0.441

Multifocality 1.24 0.08–1.86 0.291

Tumor grade 0.75 0.33–1.67 0.476

Multivariate Cox regression

Calgranulin A expression 5.92 1.94–18.01 0.002

Tumor stage 1.68 0.55–5.15 0.366

Concomitant pTis 2.07 0.26–16.63 0.493

Tumor size 0.00 0.00 0.980

Multifocality 1.15 0.74–1.78 0.532

Tumor grade 0.38 0.13–1.15 0.088

Cancer-specific survival (CSS)

Univariate Cox regression

Calgranulin A expression 4.55 1.42–14.53 0.011
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calgranulin A in NMIBC emerged as a potential
prognostic factor, however, and Kaplan–Meier
estimates showed significant results for recur-
rence, progression, and CSS. This suggests a
prognostic value, as Cox multivariate regression
highlighted calgranulin A expression as an
independent prognostic factor for recurrence
and progression.

This investigation was a preliminary test to
translate the increasingly identified usefulness
of calgranulin A as a prognostic marker in BC
into clinical routine. Immunostaining with
calgranulin A could be performed in routine
histopathological assessment, to identify
patients with NMIBC and a high risk for recur-
rence and progression.

This study is the first presentation of cal-
granulin A immunostaining in NMIBC and is a
preliminary test because of its limitations: the
small number of patients cannot compete with
prognostic considerations as derived for
instance from the current EORTC risk
tables that comprise data from over 2500
patients [3]. However, calgranulin A showed
significant time/event differences with our

smaller dataset already, hence follow-up
research on this marker should be interesting.
Another shortcoming of the work is its retro-
spective design and the need to calculate the
cutoff value retrospectively. Additionally, the
quality of our follow-up data may be influenced
by the lack of a standardized follow-up protocol:
follow-up according to the EAU guidelines was
requested, but we could not monitor the relia-
bility of guideline conformity in some cases,
when referring urologists did the follow-up
themselves. Since the 2004 (and 2010) WHO
grading system for urothelial cancers has
brought distinct changes compared to the 1973
WHO grading system, which still was used in
the study, it will be difficult to compare our data
with recent cohorts because of overlapping of
G2 grading and low- and high-grade tumor
grading, respectively. In this regard, keeping the
1973 WHO grading in pathological reports
together with the new grading is important.
Since age, gender, and multifocality have been
proposed as prognostic factors in the past, we
assume that different results than ours, e.g., that
age, gender, and multifocality were not

Table 2 continued

Parameter Hazard ratio 95% confidence interval p value

Tumor stage 2.13 0.73–6.18 0.166

Concomitant pTis 1.84 0.23–14.68 0.567

Tumor size 0.05 0.00–6481.82 0.610

Multifocality 0.77 0.36–1.67 0.505

Tumor grade 2.29 0.71–7.35 0.166

Multivariate Cox regression

Calgranulin A expression 3.24 0.66–15.81 0.147

Tumor stage 1.25 0.27–5.83 0.774

Concomitant pTis 0.00 0.00 0.992

Tumor size 0.00 0.00 0.990

Multifocality 0.72 0.29–1.75 0.462

Tumor grade 1.47 0.34–6.00 0.593

Cox proportional hazard models for calgranulin A expression and various histological parameters: high calgranulin A
expression is significantly associated with RFS (p = 0.036), PFS (p = 0.000), and CSS (p = 0.011). In multivariate Cox
regression calgranulin A expression is an independent prognostic factor for RFS (p = 0.024) and PFS (p = 0.002)
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constantly significant in Kaplan–Meier survival
analysis, may arise with higher patient numbers
in a possible validation study. Restricting the
Cox proportional hazard analysis to the factors
of the EORTC risk tables may influence the
results of the multivariate regression, because
other factors, e.g., age and gender, have already
been identified as prognostically relevant.
Because the number of events in our dataset was
a limiting factor, this has to be validated in
larger cohorts.

Further studies are needed to define the
reliability and prognostic value of immunos-
taining with calgranulin A in NMIBC. These
should be based on a larger cohort of patients,
at best multicentric, and should be designed
with a prospective setting. A comparison of
calgranulin A expression, detected through
immunostaining, with expression levels asses-
sed by other techniques, e.g., mRNA expression
or serum-based proteomics, would consolidate
the findings. Before clinical acceptance of cal-
granulin A as a prognostic marker in NMIBC, a
defined follow-up schedule should be executed
in a prospective setting to make data suitable for
calculating positive and negative predictive
values in a time-dependent predictive model.

CONCLUSIONS

Calgranulin A expression in NMIBC, detected
by immunohistochemistry, is a promising
marker for the identification of NMIBC patients
at high risk of recurrence and progression.
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