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Abstract

Purpose The performance of urinary markers for detecting bladder cancer (BC) is influenced by various factors. The aim of
the present study was to evaluate the influence of smoking habits on the performance of four commonly used urine markers.
Methods Urine samples of 723 patients with suspected BC were analysed using urine cytology, fluorescence in situ hybridi-
zation (FISH), immunocytology (uCyt+ test), and quantitative nuclear matrix protein 22 (NMP22) immunoassay. The smok-
ing habits of all patients were recorded and a cystoscopy performed within 2 weeks after urinary marker testing. Rates of
false negative and false positive results were compared between non-smokers, former smokers, and current smokers by
contingency analyses.

Results We included 723 patients in this study, 431 (59.6%) of which were non-smokers, 215 former smokers (29.7%), and
77 (10.7%) current smokers. 148 patients (20.5%) had a tumour at the time of urinary marker testing. Respective rates of
false positive test results among non-smokers, former smokers, and current smokers were: 16.3, 19.1, and 11.5% (p=0.81)
for urine cytology; 36.8, 42.0, and 32.7% for the uCyt+ test (p =0.88); 18.0, 19.1, and 13.5% for FISH (p =0.66); and 69.5,
71.6, and 71.2% for NMP22 (p =0.67). Respective rates of false negatives among non-smokers, former smokers, and current
smokers were: 31.4, 15.1, and 28.0% for cytology (p=0.34); 21.4, 22.6, and 16.0% for uCyt+test (p =0.67); 24.3, 13.2, and
28.0% for FISH (p=0.88); and 10.0, 18.9, and 8.0% for NMP22 (p =0.80).

Conclusions Our results strongly suggest that smoking habits do not affect performance characteristics of urinary markers
in the diagnostics of BC.

Keywords Bladder cancer - Cytology - Fluorescence in situ hybridisation - Immunocytology - Nuclear matrix protein 22 -
Smoking status

Introduction consists of the microscopic analysis of urothelial cells in

urine for criteria of malignancy and while it has been shown

While cystoscopy remains the gold standard for the diagno-
sis and surveillance of bladder cancer (BC) (Babjuk et al.
2011), less invasive and discomforting alternatives such as
urine marker tests continue to be studied. From among the
established urine marker tests, urine cytology is currently
the only urinary marker being recommended by the Euro-
pean Association of Urology (EAU) guidelines, to be used in
combination with cystoscopy for the detection of high grade
tumours and carcinoma in situ (Babjuk et al. 2017). The test
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to have a high specificity, its sensitivity, in particular for the
detection of low-grade tumours, is rather low (Schroeder
et al. 2004). To remedy this sensitivity issue, additional
molecular tests such as immunocytology (uCyt+test) have
been introduced. The uCyt+ test is based on the immuno-
cytical staining of two antigens that are typically expressed
by urothelial cancer cells (mucin glycoprotein and carci-
noembryonic antigen) (Comploj et al. 2013). Another
well-established urine marker test is UroVysion®, where a
marker detects specific, frequently appearing chromosomal
aberrations associated with the presence of urothelial carci-
noma by fluorescence in situ hybridization (FISH) (Buben-
dorf 2011). The Nuclear Matrix Protein 22 (NMP22) test
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is an Enzyme-linked immune sorbet assay, marking the
NUMA-1-protein (nuclear mitotic apparatus protein 1) in
the patient’s urine.

Several studies described the interaction between certain
influencing factors with urine marker test results, includ-
ing hematuria, which can increase false positive results of
molecular tests such as NMP22 (Atsu et al. 2002; Oge et al.
2002; Todenhofer et al. 2013). Other interfering factors are
urinary tract infections, inflammation (Atsu et al. 2002),
instrumented urinary sampling (Sharma et al. 1999; Toden-
hofer et al. 2012), and age (Horstmann et al. 2013).

One of the main risk factors for the development of BC
is smoking, which is associated with 50% of bladder cancer
cases (Burger et al. 2013; Freedman et al. 2011). This asso-
ciation is thought to be triggered by dimethylnitrosamine
(DMN), formaldehyde, benzo(a)pyrene, and other contents
defined in the list of hazardous tobacco smoke components
(Talhout et al. 2011).

Despite the strong influence of smoking on the develop-
ment of BC, the influence of this risk factor on the per-
formance of cellular and protein-based urinary markers in
BC diagnostics has not yet been examined. The aim of our
study was thus to evaluate the effect of smoking habits on
the accuracy of the four commonly used urinary markers
mentioned above: cytology, fluorescence in situ hybridiza-
tion (FISH), immunocytology (uCyt+ test), and quantitative
nuclear matrix protein 22 (NMP22) immunoassays.

Materials and methods
Patient cohort

The study is a retrospective data analysis of medical and
pathological reports of 723 patients presenting to our outpa-
tient clinic on suspicion of bladder cancer. During the initial
presentation, all patients were routinely interviewed for their
smoking habits and classified into three categories: non-
smoker, current smoker, former smoker. Four commonly
used urinary markers for the detection of bladder cancer
(BC) were evaluated: urine cytology, uCyt+ test, FISH, and
NMP22. The patients underwent cystoscopy by an experi-
enced investigator within 2 weeks after urine marker testing.
Patients presenting suspicious cystoscopy results were eval-
uated by transurethral resection and subsequent histological
work-up. The study was approved by the ethics committee
of the University hospital Tiibingen (number 400/2009 A).

Urine marker tests
For urine cytology, specimens were cytospinned, stained

(Papanicolaou and Marshall 1945), and evaluated by a
cytopathologist according to the WHO/ISUP classification
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system 2004 (Epstein et al. 2005) and the recommendations
by the Papanicolaou Society of Cytopathology (Layfield
et al. 2004). The following characteristics of urothelial can-
cer cells were considered: papillary clusters comprised of
cells with eccentric nuclei, single cells with eccentric nuclei,
increased nuclear-to-cytoplasmic ratio, cells with irregular
nuclear borders, and cells with coarse chromatin. The FISH
test (with cytospins) was performed as described previ-
ously (Riesz et al. 2007). The test was considered to have a
positive outcome if either of the following two conditions
occurred: (1) the presence of at least three signals from a
minimum of two different chromosomes (from among chro-
mosomes 3, 7, 17) per cell in at least four nuclei out of 25
morphological suspicious cells, or (2) the absence of a signal
of 9p21 in at least 12 of 25 nuclei (Kipp et al. 2008). The
uCyt+test was performed according to the manufacturer’s
recommendations (Mian et al. 1999) and the test outcome
was considered to be positive if at least one definitely posi-
tive red or green cell was present (Greene et al. 2006). Also
the NMP22 Enzyme-Linked Immunosorbent Assay (ELISA)
was performed according to the manufacturer’s recommen-
dations and a threshold of 10 IU/ml was used to separate the
positive (greater than threshold) from the negative results
(Shariat et al. 2006).

Statistical analysis

Commercially available software (JMP®, version 10.0, SAS
Institute Inc., Cary, NC, USA) was used to calculate the
overall sensitivities and specificities, as well as positive and
negative predictive values (PPV and NPV) for non-smokers,
former smokers, and current smokers. We also performed
Cochran—Armitage tests for trend to compare the rates of
false positives and false negatives between the three smoking
categories. A p value <0.05 was considered as significant.

Results

A total number of 723 patients [636 males (88.0%) and
87 females (12.0%)] with a median age of 68 years (range
11-92) were retrospectively enrolled in the study. The smok-
ing status was available for all patients yielding 431 (59.6%)
non-smokers, 215 (29.7%) former smokers, and 77 (10.7%)
current smokers. Cystoscopy and transurethral resection
with subsequent histological evaluation revealed the pres-
ence of BC in 148 patients. Pathological staging classified
81 (54.7%) tumours as pTa, 33 (22.3%) as pT1, 19 (12.8%)
patients as pT2, 4 patients (2.7%) as pT3a, and 7 patients
(4.7%) as pure pTis. Thirty-one patients (20.9%) had con-
comitant pTis. The tumour grading was G1 in 59 patients
(39.9%), G2 in 49 (33.1%), and G3 in 40 (27.0%) (Table 1).
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Table 1 Patients’ characteristics

Number of patients 723
Smoker status non/former/current 431 (59.6%)/215
(29.7%)177 (10.7%)

Median age in years (range) 68 (11-92)
Gender, male/female 636 (88.0%)/87 (12.0%)
Histologically confirmed tumour 148 (20.5%)
Pathological staging

pTa 81 (54.7%)

pT1 33 (22.3%)

pT2a 19 (12.8%)

pT2b 4 (2.7%)

pT3a 4 (2.7%)

Only pTis 7 (4.7%)
Concomitant pTis 31 (20.9%)
Grading

Gl 59 (39.9%)

G2 49 (33.1%)

G3 40 (27.0%)

Sensitivities, specificities, PPV and NPV according to smok-
ing status are shown in Table 2.

There was no statistically significant difference between
the rates of false positive urine tests between non-smok-
ers, former smokers, and current smokers. Urine cytology
yielded false positives for 16.3% of non-smokers, 19.1% of
former smokers, and 11.5% of current smokers (p =0.81),
while for the uCyt+ test the corresponding percentages are
36.8, 42.0 and 32.7%, respectively (p =0.88). False posi-
tives in the FISH test were 18.0% of non-smokers, 19.1%

of former smokers and 13.5% of current smokers (p=0.66),
while for NMP22 presented the highest overall percent-
ages with 69.5, 71.6, and 71.2%, respectively (p=0.67).
With regard to false negatives, no significant difference
was detected among the three smoker categories with any
of the methods used. Specifically, in non-smokers, former
smokers, and current smokers, the false negative rates of
urine cytology, uCyt+ test, FISH and NMP22 were 31.4 vs.
15.1 vs.28.0% (p=0.34),21.4 vs. 22.6 vs. 16.0% (p=0.67),
24.3 vs. 13.2 vs. 28.0% (p=0.88) and 10.0 vs. 18.9 vs. 8.0%
(p=0.80), respectively (Fig. 1).

Discussion

Smoking seems to cause a number of changes in the human
metabolism: smokers typically exhibit increased levels of
inflammatory markers like C-reactive protein, white blood
cell count, and fibrinogen (Bakhru and Erlinger 2005; de
Maat et al. 1996) and several lipid metabolites have also
been shown to be associated with smoking (Wang-Sattler
et al. 2008). Such alterations are not only present at a meta-
bolic, but also a genetic level: allelic losses on chromosomes
3p, 9p, 17p, 5q, and 13q can be detected both in current
and former smokers. In a study performed by Mao et al.
(1997), the loss of heterozygosity at chromosome 3p14
appeared in 88% of bronchial biopsies of smokers and in
45% of former smokers. Wistuba et al. (1997) demonstrated
that the percentage of allelic losses and microsatellite altera-
tions in bronchial biopsies of smokers and former smokers
showed no statistical difference between the two groups, but

Table 2 Sensitivities,

A Urine marker test Smoking status Sensitivity (%) Specificity (%) PPV NPV
specificities, PPV, NPV

according to smoking status Urine cytology OA 75.0 83.0 53.6 92.8

NS 68.6 83.7 449 93.2

FS 84.9 80.9 59.2 94.2

CS 72.0 88.5 75.0 86.8

uCyt+/ImmunoCyt OA 79.1 62.1 349 92.0

NS 78.6 63.2 29.3 93.8

FS 77.4 58.0 37.6 88.7

CS 84.0 67.3 553 89.7

FISH OA 79.1 82.1 53.2 93.8

NS 75.7 82.0 449 94.6

FS 86.8 80.9 59.7 94.9

CS 72.0 86.5 72.0 86.5

NMP22 OA 87.2 29.7 24.2 90.0

NS 90.0 30.5 20.1 94.0

FS 81.1 28.4 27.0 82.1

CS 92.0 28.9 38.3 88.2

OA overall, NS non-smoker, FS former smoker, CS current smoker, FISH fluorescent in situ hybridization,

NMP?22 nuclear matrix protein 22
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Fig.1 Rate of false positive and false negative test results (NSnon-
smoker, F'S former smoker, CS current smoker, FISH fluorescent
in situ hybridization, NMP22 nuclear matrix protein 22)

were considerably different compared to non-smokers. In a
genetic analysis on bronchial brushing biopsies, Spira et al.
(2004) found that smokers showed an increased gene expres-
sion to regulate inflammation (CYP1B1, DBDD and oth-
ers) and a decreased expression of tumour suppressor genes
(TU3A, SLIT1 and -2, and GAS6). While former smokers
who had quit smoking less than 2 years ago showed genetic
analysis results that were similar to current smokers, for-
mer smokers who had quit more than 2 years ago showed
results that were more akin to those of non-smokers (Spira
et al. 2004). These data indicate that former smokers might
still suffer from smoking-related genetic alterations during
a transitional time period of up to 2 years after quitting. To
date, it is unclear whether currently available urine markers,
either cellular or protein based, are able to detect premalig-
nant alterations caused by smoking. Moreover, a potential
influence of smoking on the performance of these markers is
also unknown. The present study therefore aimed to compare
the performance of four commonly available urine mark-
ers in a large cohort of patients with suspicion of BC. Our
study showed that neither conventional urine cytology nor
the uCyt+ test are influenced by smoking habits. Moreover,
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smoking appeared to have no effect on levels of NMP22 or
the amount of genetic alterations detected by the FISH test.

The detection of microscopic malignant features in
urothelial cells by urine cytology shows a sensitivities of
16-84% depending on grading of the tumour (Yafi et al.
2015). In our study, the sensitivity among both, the entire
study group (75.0%) and the group of former smokers
(84.9%), was relatively high. Previous studies reported cytol-
ogy specificities of 95-98.3% (Kehinde et al. 2011; Planz
et al. 2005), which are superior compared to the present
study. Our overall specificity was 83.0% with a maximum
of 88.5% for current smokers. Blessing et al. (2016) showed
that urine of smokers contained statistically increased con-
centrations of necrotic cells and clusters of cells showing
dysplastic changes (enlargement in nuclear cytoplasm ratio
and irregular nuclear border), as well as leucocytes and
erythrocytes. This finding may lead to the assumption that
the rate of false positive urine cytologies would be increased
in smokers. Our results do not support this assumption as
we found no statistically significant differences between the
rates of false positives in non-smokers, former smokers, and
current smokers.

uCyt+is a microscopic test based on fluorescent staining
of two antigens that are typically expressed by urothelial
cancer cells (mucin glycoprotein in green and carcinoembry-
onic antigen in red) (Comploj et al. 2013). Literature reports
of the sensitivity of the uCyt+test vary from 74 to 85% (Tetu
et al. 2005; Vergara-Lluri et al. 2014), which seems in good
agreement with both our overall sensitivity of 79.1%, and
also the maximum of 84.0% which we observed for current
smokers. While the literature values on the specificity of
the uCyt+ test are in the 31-62% range (Tetu et al. 2005;
Vergara-Lluri et al. 2014), our study showed an overall spec-
ificity of 62.1% (with a maximum among current smokers of
67.3%). Sajid et al. (2007) reported a significant increase in
blood levels of carcinoembryonic antigen (CEA) in smok-
ers compared to non-smokers. An influence of smoking on
the detection of CEA in urothelial cells could not be shown
in our study as there were no statistically significant differ-
ences between the rates of false positive uCyt+ tests in non-
smokers, former smokers, and current smokers.

The FISH test detects numeric chromosomal aber-
rations and gene translocations, deletions, and duplica-
tions via fluorescent DNA probes. It is generally used
for genetic analyses, prenatal diagnostics, and for the
detection and follow-up of BC (UroVysion®), where it
has shown sensitivities of 69-84% and specificities of
84-91% (Sokolova et al. 2000; Zeng and Zhou 2010).
In our study, we observed a similar performance with an
overall sensitivity of 79.1% and a maximum of 86.8% for
the group of former smokers. The overall specificity was
82.1% with the maximum of 86.6% occurring in the group
of current smokers. The FISH test identifies aneuploidy in
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chromosomes 3, 7, and 17 and the loss of the 9p21 locus
(Sokolova et al. 2000). Studies have shown how smoking
can cause allelic losses of chromosomes 3p, 9p, 17p, 5q
and 13q (Mao et al. 1997; Zhang et al. 1997). Souto et al.
(2010) showed that the oral epithelium cells of smokers
had a statistically higher percentage of aneuploidy com-
pared to non-smokers (p <0.05). Furthermore, smoking
can interfere with spermatogenesis: Pereira et al. (2014)
showed that unlike non-smokers, smokers suffered from
increased chromosomal segregation anomalies in sper-
matogenesis and had elevated rates of disomies of chro-
mosome 3 in sperm. Other studies reported aneuploidy of
chromosomes X, Y, 8 (Rubes et al. 1998) and 18 (Robbins
et al. 1997) in the sperm of smokers. These data indicate
that smoking could interfere with the results of the FISH
test. However, our study showed no such interference as
there was no statistical difference in the rate of false posi-
tive test results in FISH between the study groups.

Data from Kipp et al. (2009) seem to indicate the pos-
sibility of anticipatory positive FISH tests in patients with
recurrent urothelial cancer: in patients without macroscopic
tumour at time of urine marker testing the percentage of sus-
picious cells correlated negatively with the time to tumour
recurrence and to progression to muscle invasive tumour
(»<0.001). Since our study was a retrospective data analysis
with no standardized follow-up program for the included
patients, we have no information about the medical history
following the urine marker test. We therefore cannot make
any statements as to whether some of the patients with posi-
tive FISH test, but without macroscopic tumour at the time
of urine maker testing, developed BC at a later date.

The NMP22 test is an enzyme immunoassay marking
the NUMA-1- protein in patient’s urine. NUMA-1 seems
to be essential for the organization and stabilization of
spindle poles in cell division (Zeng 2000) and is excreted
via urine. The test has shown sensitivities of 26-56% and
specificities of 33-86% in the diagnosis of BC (Grossman
2005; Lotan et al. 2017). Our study showed an overall sen-
sitivity of 87.2% and a maximum sensitivity 92.0% for the
group of current smokers, whereas overall specificity was
29.7% (with a maximum specificity of 30.5% for the group
of non-smokers). Lotan et al. (2008) showed that among
men, smoking as a risk factor was correlated to a 35.4%
increase of the PPV value of NMP22. In our study, the PPV
of NMP22 was 20.1% in the group of non-smokers, com-
pared to 38.3% among smokers, which represents a relative
increase of 91.1% in PPV. Nuclear matrix protein as indica-
tor for apoptosis can also be found in the saliva. Imirzalioglu
et al. (2005) demonstrated a statistically significant differ-
ence between the levels of NMP in the saliva of smokers
and non-smokers which could lead to the assumption that
the excretion of nuclear matrix protein in smokers can also
be increased in urine and therefore lead to increased rates

of false positives for the NMP22 test. This was not the case
in our study.

The present study is limited by its retrospective character.
No information was available with regard to the duration of
active, past or non-smoking for any of the patients. Further-
more, no standardized follow-up analysis of the patients was
conducted after the urine marker testing which would be
required to examine the potential role of anticipatory posi-
tive test results.

Conclusions

The results of our study indicate that smoking status has no
effect on the accuracy of four commonly used urine marker
tests and has therefore no bearing on test interpretation. Nev-
ertheless, smoking, as one of the main risk factors for the
development of BC, needs to be considered when estimating
the individual BC risk for patients with BC-related findings
such as hematuria.
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