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Abstract
Downregulation of checkpoint protein kinase 2 (CHEK2), which is involved in DNA repair, is associated with poorer outcome in
various tumors. Little is known about the role of CHEK2 in urothelial carcinoma of the bladder (UCB). In the present study, we
investigated the prognostic impact of CHEK2 protein expression in stage pT1 UCB. This retrospective, single-center analysis was
carried out in a cohort of patients initially diagnosedwith a pT1UCBbetween 2007 and 2015. Immunohistochemical (IHC) staining
of CHEK2was performed. CHEK2 expression was correlated with recurrence-free survival (RFS), progression-free survival (PFS),
and cancer-specific survival (CSS) using Kaplan-Meier analysis and multivariable Cox regression analysis. The analysis included
126 patients (86%male, median age 71 years). Loss of immunohistochemical protein expression of CHEK2 (<10%) was associated
with significantly worse PFS (p = 0.041). Likewise, CHEK2 loss identified a subgroup of patients with worse PFS in the high-risk
groups with concomitant CIS (p = 0.044), multifocal tumors (p < 0.001) and tumor grading G3 according toWHO1973 (p = 0.009).
Multivariable Cox regression analysis revealed both loss of CHEK2 expression (HR: 4.18, 95%-CI: 1.35–12.93; p = 0.013) and
multifocal tumors (HR: 4.53, 95%-CI:1.29–15.92; p = 0.018) as the only predictive factors for progression. Loss of IHC expression
of CHEK2 in pT1 UCB is an independent predictor for progression to muscle-invasive disease and is also associated with worse
PFS. This could help to identify high-risk patients who would benefit from early cystectomy.
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Introduction

Urothelial carcinoma of the bladder accounts for 549,393 new
cases per year worldwide and displays the 12th most common
malignancy [1]. About 75% are initially diagnosed as non-
muscle-invasive bladder cancer (NMIBC) [2]. NMIBC is
treated by transurethral resection of the bladder tumor
(TUR-B) and instillation therapy and characterized by a high

recurrence rate up to 70%, while up to 30% will progress to
muscle-invasive bladder cancer (MIBC) [2]. To improve pre-
diction of recurrence and progression, several clinical and
pathological parameters have been evaluated. Of these, tumor
stage, tumor grade according to the WHO1973 classification,
focality, concomitant carcinoma in situ (Cis), tumor size and
number of recurrences have been implemented by the
European Organization for Research and Treatment of
Cancer (EORTC) as a score (EORTC score) [3].

While less invasive stage (pTa tumors) is treated with a
bladder sparing approach, NMIBC at stage pT1 often cannot
be cured by TUR-B and instillation therapy. It has been shown
that especially pT1G3 tumors benefit from an early
cystectomy (CE), however up to date, the treatment decision
is an individual decision based on the established clinical and
pathological parameters [4]. Thus, further objective parame-
ters are needed to support the clinician.

Bladder cancer is among the tumors with the highest mu-
tational rate. Recently, Heeke et al. could also show that blad-
der cancer is the tumor with the 3rd most mutations of

* Philipp J. Spachmann
philipp.spachmann@ukr.de

1 Department of Urology, Caritas St. Josef Medical Center, University
of Regensburg, Landshuter Str. 65, 93053 Regensburg, Germany

2 Institute of Pathology, University of Regensburg,
Regensburg, Germany

3 Institute of Pathology, University Hospital Erlangen,
Friedrich-Alexander-Universität Erlangen-Nürnberg,
Erlangen, Germany

https://doi.org/10.1007/s12253-019-00745-7
Pathology & Oncology Research (2020) 26:1625–1632

Published online: 10 2019/ September

http://crossmark.crossref.org/dialog/?doi=10.1007/s12253-019-00745-7&domain=pdf
http://orcid.org/0000-0003-0183-2952
mailto:philipp.spachmann@ukr.de


homologous recombination-related DNA damage repair
genes like ATM, BRCA1/2 and CHEK2 [5]. Checkpoint-
kinase 2 (CHEK2), located at chromosome 22, is a well-
known tumor suppression gene and encodes for protein
CHEK2, which regulates cell apoptosis and DNA repair [6].
CHEK2 interacts with BRCA1, PI3K and p53 to facilitate
DNA-repair cell-cycle arrest and apoptosis following DNA-
damage [6, 7]. Some germline mutations of CHEK2 are asso-
ciated with a higher risk of colorectal [8], Hodgkin
Lymphoma [9], Non-Hodgkin Lymphoma [10], prostate can-
cer [11] and bladder cancer [12]. Loss of CHEK2 protein
expression in IHC has been correlated with adverse outcome
in gastric cancer [13] or in ovarian cancer [14]. Furthermore,
germline mutations of CHEK2 also seem to increase the re-
currence risk of NMIBC [15].

To date, there is no study on the prognostic role of CHEK2
protein expression in IHC in stage pT1 NMIBC. In the present
study, we investigated on the prognostic role of CHEK2 ex-
pression in this challenging entity.

Patients and Methods

Study Population

The total study cohort consisted of 126 patients with stage pT1
NMIBC at initial diagnosis who underwent transurethral re-
section of the bladder (TUR-B) in a single center between
2007 and 2015. All patients underwent re-resection 6 weeks
after initial resection. Patients’ histopathological and clinical
data as well as follow-up was recorded retrospectively after
approval of the local ethics committee (16–321-101). All
cases were re-evaluated and classified according to the most
recent TNM-classification (2017) and the WHO 1973 and
2016 grading classification of genitourinary tumors by expe-
rienced uropathologists.

Immunohistochemical Assessment and Analysis

4 μm sections were cut from formalin-fixed and paraffin-
embedded tissue-blocks and mounted on poly-L-lysine-
coated glass slides. Immunohistochemistry was carried out
in a BenchMark IHC Full System immunostainer (Roche
Diagnostics, Mannheim, Germany) using the avidin-biotin
peroxidase method with diaminobenzidine as chromogen ac-
cording to the manufacturer’s instructions. As primary anti-
bodymouse monoclonal Chk2 antibody 1C12 (Cell Signaling
Technology Inc., Danvers MA, USA, dilution 1:150)was used.

Expression of CHEK2 was visualised with a Primo Star
microscope (Carl Zeiss Microimaging, Jena, Germany) under
40- and 100-fold magnification. Evaluation of the immuno-
stained slides was performed independently by two reviewers
without knowledge of clinical and follow-up data. CHEK2

was assessed by reporting staining in steps of 10%, with loss
of CHEK2 being <10% staining (Fig. 1).

Statistical Analysis

Statistical analysis was performed using SPSS version 25.0
( IBM Deutschland GmbH, Ehningen, Germany ) .
Recurrence-free survival (RFS) rates, progression-free surviv-
al (PFS) rates and cancer-specific survival (CSS) rates were
calculated by Kaplan-Meier analysis and Log rank test. The
Spearman product-moment correlation coefficient r was used
as a measure of the strength and direction of the linear rela-
tionship between variables. Multivariable Cox regression
analyses were used to assess the value of CHEK2 expression,
clinical and histopathological parameters for RFS, PFS and
CSS. p values <0.05 were considered statistically significant.

Results

Patient Population

Of the 126 patients that could be included in the final analysis
108 were male, the median age was 71 years (IQ range: 72–
78 years). 82 patients were graded WHO1973 grade 3
(70.6%), 53 (42.1%) had a concomitant Cis (Table 1). The
median follow-up was 32 months (IQ range: 20–50 months),
45 patients had a tumor recurrence (35.7%), 19 patients suf-
fered from progression to muscle-invasive disease (15.1%)
with 16 who died from the disease (12.7%) (Table 1).

Of the 126 patients 26 (20.6%) never smoked, with 35
current smokers (27.8%) and 43 former smokers (34.1%).
Due to the retrospective nature of the study there was no
information about the smoking status of 22 patients (17.5%).
The complete clinical and histopathological demographics are
displayed in Table 1.

Immunohistochemical Expression of CHEK2
and Correlation with Clinical and Histopathological
Parameters

CHEK2 expression could be evaluated in all 126 samples and
was found to be <10% in 11 samples (8.7%) (Fig. 1).
Correlating CHEK2 expression with various clinical and his-
topathological features revealed a significant correlation be-
tween loss of CHEK2 expression and a concomitant Cis (p =
0.031, Table 2).

Loss of CHEK2 Expression Predicts Progression

Kaplan-Meier survival analysis revealed a statistically signif-
icant association between loss of CHEK2 expression (<10%)
and worse PFS (p = 0.041, Fig. 2a). No correlation between
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CHEK2 expression and RFS and CSS could be found. Of the
clinical and pathological parameters, only multifocal tumors
were associated with worse RFS (p = 0.007), PFS (p = 0.025)
and CSS (p = 0.022). Multivariable cox regression analysis
revealed both loss of CHEK2 expression (HR: 4.18, 95%-
CI: 1.35–12.93; p = 0.013) and multifocal tumors (HR: 4.53,
95%-CI:1.29–15.92; p = 0.018) as the only predictive factors
for progression (Table 3).

Loss of CHEK2 Expression is Associated with Worse
PFS in High Risk Subgroups

Furthermore, loss of CHEK2 expression was associated with
worse PFS in the high-risk subgroups of tumors with

concomitant Cis (p = 0.047, 50% vs. 82% 5-years survival
rate), Grading WHO1973 G3 tumors (p = 0.009, 52% vs.
88% 5-years survival rate) and multifocal tumors (p < 0.001,
20% vs. 82% 5-years survival rate) (Fig. 2 b-d).

Loss of CHEK2 is Associated with Worse PFS
in Smokers

Correlating CHEK2 expression with PFS in smokers revealed
a statistically significant association with worse PFS in active
smokers (p = 0.047, 33% vs. 81% 5-years survival rate) and
active and former smokers (p < 0.001, 22% vs. 83% 5-years
survival rate) (Fig. 3).

Fig. 1 Examples of weak (a) and
strong (b) immunohistochemical
staining of CHEK2 in stage pT1
non-muscle-invasive bladder
cancer under 10-fold
magnification
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Discussion

NMIBC at stage pT1 remains one of the most challenging enti-
ties for the treating urologist. Up to one third of the patientswith a
pT1G3 tumor will suffer progression to MIBC and will need a
radical cystectomy [16]. Furthermore, it has been shown that
those patients benefit from an early cystectomy [4]. However, a
majority of the patients will be overtreated by early cystectomy,
an operation that resembles high morbidity and mortality [17].

The present study investigates on the prognostic role of
CHEK2 protein expression by IHC in stage pT1 NMIBC. Loss
of CHEK2 expression was associated with worse PFS and was
the best independent predictor for progression tomuscle-invasive
disease in multivariable analysis. To date, this is the first study
that proves a prognostic effect of CHEK2 expression in bladder
cancer. Slojewski et al. could show a higher recurrence risk in
NMIBC with germline mutations [15]. Others also suggested an
increased risk for development of bladder cancer with existing
CHEK2 germline mutations [12, 18]. However, Ge et al., could
show that depending on the mutated variant CHEK2 mutations
can be associated with increased risk of bladder cancer as well as
with decreased risk of bladder cancer [18]. This could also be
shown for breast cancer [19]. Specific mutations of CHEK2 like
the c.1100delC variant are associated with a loss of CHEK2 IHC
expression in breast cancer and correlate with higher tumor stage
and grade, worse CSS but not with overall survival [20–23].
Furthermore, it could be shown that CHEK2 mutations correlate
with an increased risk of gastric cancer [24] and loss of CHEK2
expression in IHC correlates with worse CSS in gastric cancer
[13]. An adverse role for CHEK2 on OS could be shown in
ovarian cancer [14]. As described above, due to the different
functional outcomes of CHEK2mutations it is necessary to look
at protein expression of CHEK2 to get a functional and potential
prognostic information.

Table 1 Patient characteristics in stage pT1 NMIBC study cohort

Parameter n (%)

Patient data
Total stage pT1 2007–2015 126 (100)
Female patients 18 (14.3)
Male patients 108 (85.7)
Median age (years) 71 [IQ range: 72–78]
Clinical and pathological parameters

Grading WHO1973
G1 0 (0)
G2 37 (29.4)
G3 89 (70.6)

Grading WHO2016
low grade 8 (6.3)
high grade 110 (87.3)
n.a. 8 (6.3)

Tumor diameter
<3 cm 60 (47.6)
≥3 cm 66 (52.4)

Concomitant Cis
Yes 53 (42.1)
No 73 (57.9)

Focality
Unifocal 50 (39.7)
Multifocal 76 (60.3)

Smoking status
Never 26 (20.6)
Active 35 (27.8)
Former 43 (34.1)
n.a. 22 (17.5)
Treatment
Instillation therapy 93 (73.8)
MMC 22 (17.5)
BCG 71 (56.3)
Early cystectomy 13 (10.3)
Deferred cystectomy 14 (11.1)
Follow-up information
Median follow-up (months) 32 [IQ range: 20–50]
Maximum follow-up (months) 112
Recurrence ≤pT1 45 (35.7)
Progression 19 (15.1)
Death 32 (25.4)
Death of disease 16 (12.7)

IQ interquartile, n.a. not available

Table 2 Correlation of CHEK2
expression with clinical and
histopathological parameters (n =
126). Significant results indicated
in bold

Parameter CHEK2 expression <10% (n = 11) CHEK2 expression ≥10% (n = 115) p value

Age
<75 6 77 0.407
≥75 5 38

Gender
Male 11 97 0.156
Female 0 18

Smoking status
Never 3 23 0.546
Ever 6 72

Grading WHO1973
G2 2 35 0.394
G3 9 80

Concomitant Cis
No 3 70 0.031
Yes 8 45

Focality
Unifocal 6 44 0.292
Multifocal 5 71

Tumor diameter
<3 cm 6 54 0.630
≥3 cm 5 61
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Moreover, loss of CHEK2 expression identified a highest
risk group within the high-risk groups of pT1G3 tumors, tu-
mors with concomitant Cis andmultifocal tumors. The EORTC

score was developed to improve prediction of recurrence and
progression of NMIBC and the abovementioned parameters
(concomitant Cis, Grading G3 WHO1973, multifocality) re-
semble the most important risk factors in stage pT1 [3]. Thus,
adding CHEK2 expression especially in patients with these risk
factors could help with the decision between a bladder-sparing
approach or radical cystectomy.

Besides the prognostic effect of CHEK2 expression, first
studies investigated on specific inhibitors of CHEK2 [25–27].
Ghelli et al. could show that a specific CHEK1/2 inhibitor
increases the effectiveness of conventional therapy in B−/T-

p=0.041

p=0.044

p=0.009

p<0.001

a c

b d

Fig. 2 Kaplan-Meier analysis of CHEK2 expression (<10% vs. ≥10%) with regard to progression-free survival (PFS) in the total cohort (A; n = 126),
patients with concomitant Cis (B; n = 53), WHO1973 Grade 3 tumors (C; n = 89) and multifocal tumors (D; n = 76)

Table 3 Multivariable Cox Regression Analysis of PFS in the pT1
NMIBC study cohort (n = 126). Significant results indicated in bold

HR 95% CI p value

Focality multifocal vs. unifocal 4.53 1.29–15.92 0.018

CHEK2 expression <10% vs. ≥10% 4.18 1.35–12.93 0.013
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cell progenitor acute lymphoblastic leukemia [25].
Furthermore, an enhanced toxicity of radiation on head and
neck squamous cell carcinoma after CHEK1/2 inhibition
could be shown in vitro and in vivo [26]. For urothelial carci-
noma, first in vitro studies could prove that urothelial carcino-
ma cells can be sensitized to gemcitabine under treatment with
a checkpoint kinase inhibitor [27]. This could offer novel po-
tential treatment options for NMIBC in a bladder-sparing ap-
proach or for MIBC in a palliative setting. Herein it would be
also of interest, if CHEK2 expression plays a role in treatment
response as it would be supposable that those tumors with loss
of CHEK2 expression would not benefit from this treatment.

CHEK2 is known to interact with BRCA1, PI3K and p53
to facilitate DNA repair, cell-cycle arrest and apoptosis and
thus acts as a tumor suppressor [6]. It could be shown that
DNA damage repair genes like CHEK2, p53 or ATM are
induced by cigarette smoking [28]. In a first study on the role
of CHEK2 IHC expression, we could show that it is down-
regulated in normal urothelium of healthy (no urothelial car-
cinoma of the bladder) male tobacco smokers [29]. Although
this is contradictory to the findings of Zhao et al., this might be
the first step in development of bladder cancer. However, this
was a small cohort and we investigated on the association of
CHEK2 expression with smoking status in the present larger
cohort of pT1 NMIBC. There was no correlation between
smoking status and CHEK2 expression but CHEK2 also iden-
tified a high-risk group with worse PFS in active smokers
(33% vs. 81% 5-years PFS) and in ever-smokers (22% vs.
83% 5-years PFS) in the present study. This indicates to an

increased risk of those smokers with loss of CHEK2 and taken
together with the previous finding of no loss of CHEK2 in
normal urothelium of former smokers a potential benefit of
smoking cessation concerning aggressive NMIBC.

However, the retrospective nature of this study is a major
limitation as seen in 17.5% of the patients without information
on smoking status. Furthermore, we do not have information
on CHEK2 mutations in our cohort. Further prospective and
multicenter studies also investigating the prognostic effect on
MICB would be necessary.

Conclusions

pT1 NMIBC is a challenging tumor stage in UCB. Stratifying
risk for recurrence and progression of tumor is important in
choosing between bladder sparing and early CE. The present
retrospective study could identify loss of IHC expression of
CHEK2 as a predictive factor for progression to muscle-
invasive disease. This could help to identify high-risk patients
at stage pT1 NMIBC who would benefit from early
cystectomy.
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