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The relationship between microscopic hematuria and bladder cancer: are currently
available diagnostic methods reliable?

Mikroskopik hematiri ile mesane kanserinin iligkisi: Bugin icin kullanilan tani yéntemleri gtvenilir mi?
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Abstract

Objective: This study aimed to evaluate the sensitiv-
ity and specificity of radiological diagnostic methods,
urinary biomarkers and urine cytology for patients with
microscopic hematuria in the diagnosis of bladder cancer.

Materials and methods: A total of 150 patients with the
initial diagnosis of microscopic hematuria were included in
the study. Patients were prospectively evaluated in terms
of urinary symptomatology, physical examination, smoking
habits, intravenous pyelography (IVP), abdominal ultraso-
nography (USG), Nuclear Matrix Protein 22 (NMP22), urine
cytology and NMP22 BladderChek® test. The cut-off point
for NMP22 test was accepted as 10 U/mL.

Results: Mean age of the study population was 49.8+10.79
years with a male to female ratio of 1.08 (78/72). Overall,
10.7% (n=16) of patients had pathological diagnosis of
bladder cancer, whereas 89.5% of the study population
had no etiology for microhematuria. IVP was considered
as the most sensitive and specific test in the diagnosis of
bladder cancer. However, voided urine cytology was the
least sensitive test, although it has the same specificity
with IVP. The best sensitivity and specificity values were
demonstrated when NMP22 and abdominal USG were
used in double-test combinations.

Conclusion: In microscopic hematuria, the combination of
radiological methods with tumor markers such as NMP22
BladderChek® test, provides 100% sensitivity, and protects
nearly half of cases from unnecessary cystoscopies.
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Ozet

Amac: Bu calismada, mikroskobik hematurisi olan hasta-
larda mesane kanseri tanisinda radyolojik tani metodlari,
idrar tumor belirleyicileri ve idrar sitolojisinin duyarlilik ve
6zgulliglnin degerlendiriimesi amaglanmistir.

Gere¢ ve yontem: ilk inceleme sonrasi mikroskobik
hematuri tanisi alan toplam 150 hasta calismaya alinmig-
tir. Hastalar prospektif olarak idrar semptomatolojisi ve
sigara aligkanligi yoniinden sorgulanarak fizik muayene,
intravendz pyelografi (IVP), batin ultrasonografisi (USG),
NUkleer Matriks protein 22 (NMP22), idrar sitolojisi ve
NMP22 BladderChek® testleri ile degerlendirildi. NMP22
testi icin esik deger olarak 10 U/mL alind..

Bulgular: Yas ortalamasi 49.8+10.79 yil olup calisma
grubundaki erkek/kadin orani 1.08 oraninda tespit edilmis-
tir (78/72). Hastalarin %10.7 sinde (n=16) alinan biyopsi
sonucunda mesane kanseri tespit edilirken %89.5’inde mik-
rohematri i¢in bir sebep bulunmamistir. IVP, mesane kan-
seri teshisinde en duyarli ve 6zgil test olarak bulunmustur.
Ancak idrar iseme sitolojisi IVP ile ayni 6zgilluk degerine
sahip olmasina ragmen en az duyarli test olarak izlenmistir.
ikili test kombinasyonlarinda, en yiiksek duyarlilik ve 6zgil-
Itk degerleri NMP22 ve batin USG testleriyle saglanmistir.

Sonugc: Mikroskobik hematuride radyolojik tani yéntemle-
rinin, NMP22 BladderChek® testi gibi timér belirtecleriyle
kombine kullaniimasi %100 duyarlilik saglarken hastala-
rin yaklasik yarisini gereksiz sistoskopiden korumaktadir.
Anahtar soézclkler: Abdominal ultrasonografi; intravenéz
pyelografi; mesane kanseri; mikrohematuri; timér belirtegleri.
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Bladder cancer is the sixth most frequent
malignant disease in the world.'! Among the bladder
cancer cases, 90% take the pathological diagnosis
of transitional cell carcinoma. Of these, most is
presented as superficial transitional cell carcinoma
initially.”’) Asymptomatic microscopic hematuria is
described approximately in 2.5-20% of the cases
without urologic symptomatology.’+

Carson et al.’! demonstrated urological malig-
nancy in 3 to 13% of patients who were evaluated for
microscopic hematuria. Thus, we need rapid, highly
sensitive and specific methods to prevent expensive
and unnecessary diagnostic procedures in patients
undergoing first clinical evaluation for microscopic
hematuria.

During routine clinical procedures, urine culture,
voided urine cytology, abdominal ultrasonography
(USQ), intravenous pyelography (IVP) and compute-
rized tomography are used in the initial diagnosis and
follow-up. In recent years, specific urine biomarkers
are being investigated, and many reports started to be
published with acceptable sensitivity and specificity
values, namely Nuclear Matrix Protein 22 (NMP22),
BTA, M344 antigen, and a relatively new test NMP22
BladderChek®.

In this prospective study, we aimed to evaluate the
sensitivity, specificity and accuracy of radiological
diagnostic methods like IVP and abdominal USG
with the urinary biomarkers; NMP22 and NMP22
BladderChek® in combination with voided urine
cytology for patients with microscopic hematuria in
the diagnosis of bladder cancer.

Materials and methods

A total of 150 patients with the initial diagnosis
of microscopic hematuria were included in the study.
All patients were referred from the Nephrology
Department after exclusion of urolithiasis, urinary
tract infections, and renal parenchymal disease in
order to form a homogenous study population to
prevent false positive and false negative results.
Financial support for this study was given by Gazi
University, Scientific Projects Research Unit.

Patients were prospectively evaluated in terms of
urinary symptomatology, physical examination, smok-
ing habits, VP, abdominopelvic USG, NMP22, voided
urine cytology, and NMP22 BladderChek® test.

The patients having at least two consecutive hema-
turia (>3 red blood cells per high power field under
40x light microscope) were included in the study. The
cut-off point for NMP22 test was accepted as 10 U/
mL. All patients underwent both flexible and rigid
cystoscopic examination under general anesthesia at
the end of the study period in order to evaluate the
diagnostic value of flexible cystoscopy and to com-
pare the outcomes with the gold standard technique,
which is rigid cystoscopy. Cold cup biopsies were
taken from bladder mucosa if there is any suspicion
for premalignant lesion. If atypical cells were seen in
the cytologic evaluation of the voided urine sample,
random cold cup biopsies were also taken.

Voided urine samples were collected and divided
into three parts; the first one was transported to the
cytopathology laboratory for cytologic evaluation
and the second one to the urology laboratory for the
NMP22 BladderChek® test. For the third one, a urine
collection kit of urine stabilizers containing protein
stabilizers, protease inhibitors, and buffers was used
for the NMP22 test. The samples were frozen at
—20°C after collection for NMP22 measurement. The
endoscopist, pathologist, cytologist, and physician
performing the NMP22 BladderChek® and NMP22
tests were all blinded to the results of the other tests.

NMP22 test kit using monoclonal antibodies 302-
18 and 302-22 (Matritech, Cambridge, MA, USA)
were used for the measurement of urinary NMP22.

The Matritech NMP22 BladderChek® test technol-
ogy uses a lateral flow immunochromatographic strip
encased in a plastic cartridge to detect nuclear matrix
protein qualitatively in the patient’s urine sample.
The antibodies in the lateral flow immunochromato-
gaphic strip are monoclonal antibodies (MAbs) raised
against (nuclear mitotic apparatus protein (NuMA)
which is a component of the nuclear matrix extracted
from a cervical cancer cell line by the method of Fey
and Penman.® Two different MAbs are used, one as a
capture antibody and one as a reporter antibody. Four
drops of voided urine is added to the sample well of
the cartridge and allowed to react for 30 min. There
are no other procedural steps. If the antigen is present
in the urine, it will interact with the colloidal gold
conjugated particles to form an immune complex.
The reaction mixture flows through the membrane,
which contains zones of immobilized antibodies.
In the test zone antigen-conjugate complexes are
trapped by the capture antibody, forming a visible
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line if the concentration of antigen in the urine is
elevated. The procedural control zone contains an
immobilized goat anti-mouse IgG-specific antibody
that will capture the colloidal gold conjugated anti-
body, thereby producing a visible line in the control
window. This procedural control assures the operator
that each device is working properly, independently
of the presence or absence of the antigen in the urine
sample. The result is the visible line of any intensity
if the test is positive.

The hypothesis test for two proportions from the
independent groups was used to compare discordance
of results between NMP22 versus cytology, NMP22
versus USG, NMP22 versus IVP, NMP22 versus
NMP22 BladderChek®, cytology versus USG, cyto-
logy versus IVP, cytology versus NMP22 BladderC-
hek®, USG versus IVP, USG versus NMP22 Blad-
derChek® and IVP versus NMP22 BladderChek®.

Results

Mean age of the study population was 49.8+10.79
years. Male to female ratio of the study group was
1.08 (78/72). Overall, 10.7% (n=16) of patients
revealed the pathological diagnosis of bladder cancer;
whereas 89.5% of the study population had no etiol-
ogy for microhematuria. Twelve out of 16 patients
(77.7%) in bladder cancer group had a history of
smoking and/or voiding symptoms.

In all bladder cancer cases, the histopathologi-
cal diagnoses were the transitional cell carcinoma.
Cystoscopic evaluation was accepted as the gold
standard diagnostic tool for the initial diagnosis.
However, the diagnostic value of the flexible and
rigid technique did not differ in our study group.
Because all bladder cancer cases were catched both
with the flexible and rigid cystoscopic evaluation.
Although both rigid and flexible cystoscopic examina-
tions were normal, 8 patients revealed atypical cells in
the cytological evaluation of their urine. We took ran-
dom cold cup biopsies from their bladder mucosa. The
histopathologic diagnoses were reported as chronic
cystitis in 3 and normal bladder mucosa in 5 cases.

The sensitivity, specificity, and accuracy of each
diagnostic test alone and the best 3 of double test
combinations were represented in Table 1 and Table
2, respectively.

IVP was considered as the most sensitive (87.5%)
and specific test (94%) in the diagnosis of bladder

cancer. However, voided urine cytology was the least
sensitive test (31.2%), although it shared the same
specificity with IVP (94%) (Table 1). The best sensi-
tivity and specificity values were demonstrated when
NMP22 and abdominal USG were used in combina-
tion (100% and 58.9%, respectively) (Table 2).

Discussion

The most important etiologic factor for micros-
copic hematuria is the tumor of the urinary tract.
Howard et al.[7 diagnosed bladder cancer in 16
patients among 246 patients who had asymptomatic
microscopic hematuria. In the literature, asymptoma-
tic microscopic hematuria has an incidence of malig-
nancy ranging from 2% to 20%.5% Close screening
of those patients is essential for the initial diagnosis
of bladder cancer, thus diagnostic methods with high
sensitivity and specificity values are nedeed to provi-
de easy and early diagnosis.

Stampfer et al.'” reported 66 patients with bladder
cancer and the analysis for NMP22 results confirmed
that a cut-off value of 6.4 U/mL would give the best
results. But in the same study, when 10 U/mL was
used as a reference value, sensitivity would decrease
to 48.5% while specificity would increase to 91.8%.[1%
In our study group, we reached 88.8% sensitivity and
59.2% specificity values with a cut off value of 10 U/
mL. Ramakumar et al.''! confirmed NMP22 test as
a faster and less expensive test over urine cytologic
evaluation with high sensitivity and specificity valu-

Table 1. The sensitivity, specificity and accuracy values
of each test alone

Sensitivity  Specificity Accuracy

(%) (%) (%)
IVP 87.5 94.0 93.3
USG 75.0 100 97.3
Cytology 31.3 94.0 87.3
NMP22 81.3 59.7 62.6
NMP22 BladderChek® 75.0 58.9 60.6

IVP: Intravenous pyelography, USG: Ultrasonography.

Table 2. The sensitivity, specificity and accuracy values
of the best three of double test combinations

Sensitivity  Specificity Accuracy

(%) (%) (%)
NMP22+USG 100 58.9 52.7
NMP22+IVP 100 55.2 49.3

NMP22 BladderChek®+IVP 100 55.2
IVP: Intravenous pyelography, USG: Ultrasonography.

49.3
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es. Our study supports this idea revealing the lowest
sensitivity value for urine cytologic evaluation.

Low grade tumors are only detected in 30% to
40% with urine cytology.l'"'? Lahme et al.l'*! also
compared urine cytology and NMP22 test at different
cut-off values and suggested 10 u/ml as the most
suitable value. They reached 100% sensitivity with
NMP22. Sensitivity was 66.7% with urine cytology
in grade 3 transitional cell tumors.["¥] Similar study
from our clinic demonstrated NMP22 test as the most
accurate test over cytology and Bladder Tumor Anti-
gen (BTA) stat test at the cut-off value of 12 U/mL.!"
However, false positive results are not uncommon
with NMP22. Stones, urinary tract infections, urolo-
gical instrumentation, and genitourinary tumors may
cause false positivity.[""! Therefore, we excluded cases
having above disorders in order to prevent false posi-
tive results with NMP22 and false negative results
with cytologic evaluation.

Khadra et al.' diagnosed 230 cases with bladder
cancer among 1,930 patients who were admitted
both for microscopic and macroscopic hematuria.
IVP demonstrated a filling defect in 60 cases (26%).
However, in 19 cases IVP was positive but subsequ-
ent cystoscopy did not confirm bladder cancer. This
data concluded a 24% (19/79) false positive result
when IVP was used as a diagnostic tool alone.!') We
reached better sensitivity and specificity values with
IVP (87% and 94%, respectively).

Medical companies investigate new tumor biomar-
kers or test kit that will help easier and less expensi-
ve diagnostic methods for bladder cancer detection
from urine specimen. One of them is the NMP22
BladderChek® test. The test kit has some advantages
over already used NMP22 test kit. First of all, easy
application even in office standards gives superio-
rity to other biomarkers. The major concern before
we start this prospective study was that if we would
reach acceptable sensitivity and specificity values. Our
sensitivity and specificity values for this test were 75
and 59%, respectively. Recently, an interesting study
was published to evaluate whether screening high risk
asymptomatic individuals with NMP22 BladderChek®
test could lead to earlier detection of the disease. In
this study, the low prevalence of bladder cancer in
that population did not permit assessment of inter-
vention efficacy. But, it was shown that screening
of asymptomatic, high risk population with NMP22
BladderChek® could catch noninvasive tumors.!'”! In

contrast, last year, Steiner et al.l'8 reported first results
of an early bladder-cancer detection programme, and
evaluated the detection rate and diagnostic value of
the tests-the urinary dipstick, NMP22 BladderChek®,
cytology and molecular cytology test (UroVysion).
In their series the most efficient screening tool was
the combination of UroVysion, cytology, and urinary
dipstick testing.['¥]

The contribution of the NMP22 BladderChek® test
with IVP improved the sensitivity to 100% but reduced
the specificity to 55.2%. Nevertheless, the comparison
of accuracy values for NMP22 BladderChek® test plus
IVP with the other double test combinations: NMP22
test plus USG and NMP22 test plus IVP, did not
demonstrate any significant difference (60%, 63%,
and 60%, respectively) (p>0.05). So, as an easier and
more simple diagnostic tool, NMP22 BladderChek®
could reach the accuracy levels that NMP22 provi-
ded.

Considering the combinations of NMP22
BladderChek® test with cytology and USG, sensitiv-
ity values were reached to 77.7% and 88.8%, respec-
tively. As seen in Table 2, probably the most practical
combinations of two tests which would protect more
than half of the patients from unnecessary cystoscop-
ies were the NMP22 BladderChek® test plus IVP or
NMP22 plus USG evaluation.

In 2007, Tritschler et al.'” from Germany, col-
lected voided urine samples from 100 patients with
suspicion of bladder cancer in order to perform the
NMP22 BladderChek® test and voided urinary cyto-
logy. The NMP22 levels were measured by a late-
ral flow immunochromatographic qualitative assay,
using 10 U/mL as the cut-off value. Subsequently
patients underwent photodynamic diagnosis using
S-aminolevulinic acid or hexyl-aminolevulinate. The
sensitivity was 65% for the NMP22 BladderChek®
test, 44% for voided cytology, and 93% for photody-
namic diagnosis. Specificity rates were 40%, 78%,
and 43%, respectively.l'” Results were comparable
with our data. Hopefully, screening with photodyna-
mic diagnosis was significantly superior.

In conclusion, NMP22 BladderChek® test was a
sensitive and rapid test for bladder cancer screen-
ing, and it could easily be performed even in office
standards with acceptable costs. But combination of
NMP22 BladderChek® test with radiological diag-
nostic tools such as IVP/USG had statistically insig-
nificant lower sensitivity and specificity rates when
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compared with NMP22 plus IVP/USG. However,
the value of the test was limited by its low specifi-
city, presumably due to frequent positive reaction in
benign conditions. Therefore, selection of patients is
essential to avoid unnecessary further invasive proce-
dures. But for today cystoscopy still remains the gold
standard technique in the diagnosis and follow-up of
bladder cancer.
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