DiaGgNosTIC UPDATE
]

Critical Evaluation of Urinary
Markers for Bladder Cancer
Detection and Monitoring

Shahrokh F. Shariat, MD,* Jose A. Karam, MD,* Yair Lotan, MD,*
Pierre |. Karakiewizc, MD*

*Department of Urology, University of Texas Southwestern Medical Center at Dallas, Dallas, TX; fUniversity of
Montreal, Montreal, Quebec, Canada

Bladder cancer is currently diagnosed using cystoscopy and cytology in
patients with suspicious signs and symptoms. These tests are also used to
monitor patients with a history of bladder cancer. The recurrence rate for
bladder cancer is high, thus necessitating long-term follow-up. Urine
cytology has high specificity but low sensitivity for low-grade bladder tumors.
Recently, multiple noninvasive urine-based bladder cancer tests have been
developed. Although several markers have been approved by the US Food
and Drug Administration for bladder cancer surveillance, only a few are
approved for detection of bladder cancer in high-risk patients.
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and the ninth most common cancer in women, results in significant mor-

bidity and mortality.' Most patients with bladder cancer receive the diag-
nosis after they present with gross or microscopic hematuria. At initial diagno-
sis, approximately 70% of patients have bladder cancers that are confined to the
epithelium or subepithelial connective tissue. These cancers can be managed with
endoscopic resection and intravesical therapy. The recurrence rate for these
tumors ranges from 50% to 70%, and 10% to 15% of cases progress to muscle

Carcinoma of the urinary bladder, the fourth most common cancer in men
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invasion over a 5-year period.>” Re-
currence may be seen locally and
rarely in the upper urinary tract even
after several years, necessitating life-
long surveillance.

The remaining 30% of patients
have muscle-invasive cancer at initial
diagnosis. Of this population, 50%
have distant metastasis within 2
years, and 60% die within 5 years de-
spite treatment.*

With this technology, both small pap-
illary tumors and almost 33% more
cases of CIS overlooked by cystoscopy
were identified.”® Tumors that have
been missed during resection account
for at least part of the frequent recur-
rences after initial treatment. It is
likely that cancer was present but not
visible at the time of resection and
became visible at follow-up when the
tissue became morphologically ab-

Cystoscopy has a false-negative rate either from operator error or from small
areas of carcinoma in situ, which may be difficult to detect.

Cystoscopy aided by cytology is the
mainstay for the diagnosis of bladder
cancer. Current follow-up protocols
after initial presentation typically in-
clude flexible cystoscopy and urine
cytology every 3 months for 1 to 3
years, every 6 months for an addi-
tional 2 to 3 years, and then annually,
assuming no recurrence.

Cystoscopy, a relatively short, min-
imally traumatic office procedure per-
formed with local urethral anesthesia,
identifies nearly all papillary and ses-
sile lesions. Nevertheless, it is still in-
vasive and a cause of discomfort and
distress to the patient. In addition,
cystoscopy may be inconclusive at
times because of the grossly abnormal
appearance of the bladder mucosa,
especially in patients with an in-
dwelling catheter or active inflamma-
tion. Although considered the gold
standard for diagnosis, cystoscopy
has a false-negative rate either from
operator error or from small areas of
carcinoma in situ (CIS), which may be
difficult to detect.>®

Emerging diagnostic techniques
using intravesical 5-aminolevulinic
acid combined with fluorescence cys-
toscopy have demonstrated that many
malignant areas can be completely
indiscernible in the eyes of even
highly experienced cystoscopists.

normal enough to differentiate from
adjacent normal urothelium. A multi-
center study that involved several ex-
perienced and highly regarded blad-
der cancer specialists found that 37%
of the biopsies performed on the basis
of suspicious endoscopic findings had
false-negative results.’

Urine cytology has a high sensitiv-
ity and specificity for the detection of
high-grade urothelial carcinoma, but
it lacks the sensitivity to detect low-
grade tumors.'” The accuracy of urine
cytology in predicting bladder cancer
recurrence may vary widely among

be available in all areas. Hence, cytol-
ogy is not ideal for screening for and
surveillance of bladder cancer.

An accurate bladder tumor marker
would be useful for both screening of
high-risk populations and for moni-
toring of patients with a history of
bladder cancer to help identify recur-
rence early and prevent disease pro-
gression. Because of the relatively low
prevalence of bladder cancer in the
general population, screening the
whole population would not be cost
effective.'”' However, screening per-
sons at high risk, such as those with
exposure to known carcinogens (cig-
arette smoke, cyclophosphamide,
pelvic radiation, aromatic amines)
may be beneficial for early detection
of bladder cancer. An accurate marker
also has the potential to replace,
delay, or complement cystoscopy in
the monitoring of patients with blad-
der cancer. In addition, tumor markers
may replace urine cytology. An ideal
bladder cancer screening and moni-
toring test would be noninvasive,
rapid, objective, easy to perform and
interpret, and have high sensitivity
and specificity.

Because urine comes into contact
with bladder tumors, many tests of

Urine cytology has a high sensitivity and specificity for the detection of high-
grade urothelial carcinoma, but it lacks the sensitivity to detect low-grade

tumors.

institutions." In a recent multi-insti-
tutional study that included 10 cen-
ters from 9 countries (4 continents),
urine cytology was positive in 38% to
65% of patients with recurrent blad-
der cancer." Sensitivity for grade 3
recurrence was 33% to 95%, whereas
sensitivity for tumor stage T2 and
higher was 37% to 100%. In addition,
results are not available immediately,
and evaluation requires a highly
trained cytopathologist, who may not

voided urine have been designed to
detect molecules that may be associ-
ated with tumor growth or invasion.
At present, the standard noninvasive
bladder tumor test is voided urine
cytology. A number of markers that
take advantage of exfoliated cells in
the urine for detection of cell-surface
antigens, nuclear morphology, or
gene expression have been studied in
bladder cancer. Although most of
them remain investigational and are
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Table 1

Characteristics of Urine-Based Bladder Tumor Markers

Testing Sensitivity Specificity
Test Marker Detected Assay Type Situation (%) (%)
AccuDx "> Fibrin-fibrinogen degradation  Sandwich immunoassay Point-of-care 52-81 75-86
(Intracel, Rockville, MD) product, fibrin, fibrinogen
BLCA-45%66 BLCA-4 transcription factor ELISA Specialized 89-96 100
laboratory
BTA stat®'”113:.114 Complement factor H-related  Colorimetric Point-of-care 57-83 68-72
(Polymedco, Cortlandt protein immunoreaction
Manor, NY)
BTA TRAK®?7303! Complement factor H Sandwich Specialized 66-72 51-75
(Polymedco, Cortlandt immunoassay laboratory
Manor, NY)
Hyaluronic acid, Hyaluronic acid, Immunoassay Specialized 92-100 89-93
hyaluronidase®®” hyaluronidase laboratory
ImmunoCyt™343¢ Mucins, high-molecular- Immunofluorescence, Specialized 50-100 69-79
(DiagnoCure, Quebec weight carcinoembryonic cytology laboratory
City, Quebec, Canada) antigen
Lewis X antigen” Lewis X blood group antigen  Immunocytology with Specialized 80 86
P12 monoclonal antibody laboratory
Microsatellite markers’*”’ Highly polymorphic DNA PCR Specialized 72-97 80-100
repeats laboratory
NMP22!8-20:42-44.46-48 Nuclear mitotic apparatus Sandwich immunoassay Specialized 47-100 60-70
laboratory
Quanticyt™!7:48 Nuclear shape, DNA content Feulgen stained specimen  Specialized 45-59 71-93
(Gentian Scientific Software, image analysis by dual laboratory
Niawer, The Netherlands) parameter morphometry
Survivin 8283 Survivin antiapoptotic protein  BioDot system Specialized 64-100 87-93
laboratory
Telomerase?"!'® Human telomerase messenger ~ PCR Specialized 62-81 80-96
RNA laboratory
UBC™ test®>!'® Cytokeratins 8 and 18 1-step immunoassay Specialized 66-82 83-90
(IDL Biotech, Bromma, laboratory
Sweden)
UroVysion™"’ Aneuploidy chromosome 3, 7, Multitarget FISH Specialized 36-100 89-96
(Vysis, Downers Grove, IL) and 17 and loss of 9p21 locus laboratory

ELISA, enzyme-linked immunosorbent assay; BTA, bladder tumor antigen; PCR, polymerase chain reaction; NMP22, nuclear matrix protein 22; DNA,
deoxyribonucleic acid; RNA, ribonucleic acid; FISH, fluorescence in situ hybridization.

undergoing preclinical evaluation,
few have undergone clinical trials and
have been approved for clinical use.
Markers widely studied in the clin-
ical situation that are approved for
the diagnosis of bladder cancer are
discussed, followed by a description
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of those that are more investigational
but highly likely to be introduced into
clinical practice in the near future
(Table 1). This review is limited to
urothelial carcinoma, because this
constitutes more than 90% of bladder
cancer cases in Western countries.
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Commercially Available Bladder
Tumor Markers

Bladder Tumor Antigen Tests

The term bladder tumor antigen (BTA)
describes at least 3 distinct tests. The
original BTA (Bard Diagnostics, Red-
mond, WA) had lower specificity and
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not superior sensitivity than urine
cytology and was therefore taken off
the market.'”” Subsequently, the BTA
stat® and BTA TRAK® (Polymedco,
Cortlandt Manor, NY) tests were in-
troduced. The BTA stat is a qualitative
point-of-care test with an immediate
result, whereas BTA TRAK is a quan-
titative test that requires trained per-
sonnel and a reference laboratory.
These assays detect human comple-
ment factor H-related protein (as well
as complement factor H), which is

facturer, is 14 U/mL.>” When this cut-
off is used, the reported overall sensi-
tivity is 62% to 77%.%** As with the
BTA stat test, benign genitourinary
conditions, particularly hematuria,
may yield false-positive results.?”?83°

Both tests have sensitivity compa-
rable to that of cytology for high-
grade tumors and better for low-grade
tumors. These tests are approved by
the US Food and Drug Administration
(FDA) only for monitoring of bladder
cancer, in combination with cys-

ImmunoCyt detects cellular markers for bladder cancer in exfoliated urothe-
lial cells using 3 fluorescent monoclonal antibodies to pinpoint a high-mol-
ecular-weight form of carcinoembryonic antigen and 2 bladder tumor

cell-associated mucins.

present in the urine of patients with
bladder cancer.'® It is believed that
complement factor H production by
tumor cells may prevent tumor cell
lysis by immune cells.

The overall sensitivity and speci-
ficity for the BTA stat test are 57%
to 83%'"* and 60% to 920,'****
respectively. The reported specificity
must be assessed critically. Many of
the studies excluded patients who had
other commonly occurring genitouri-
nary problems, such as renal stones,
infection, and hematuria. In healthy
persons without genitourinary signs
or symptoms, the specificity is 97%,
but in patients with benign genitouri-
nary conditions the specificity is only
46%.” Patients without bladder can-
cer but with other genitourinary con-
ditions may have hematuria. The
blood in the urine contains comple-
ment factor H, which can react with
the antibody in the test and lead to a
false-positive result.>**

The BTA TRAK test is a quantitative
sandwich immunoassay performed in
a reference laboratory.*® The cutoff
limit of human complement factor
H-related protein to detect bladder
cancer, recommended by the manu-

toscopy. They are not sufficiently ac-
curate to be used for screening or di-
agnosis, particularly in patients with
other genitourinary symptoms, be-
cause of their high false-positive rate.

ImmunoCyt

ImmunoCyt™ (DiagnoCure, Quebec
City, Quebec, Canada) combines cy-
tology with an immunofluorescence
assay (immunocytochemistry).’> Im-

been reported as 69% to 799%.>*73°
Mian and coworkers® found that 50%
of patients with benign prostatic hy-
perplasia and 40% of patients with
cystitis had false-positive ImmunoCyt
test results. Another limitation of the
test is the need for trained personnel
to perform and interpret the result.’®
This test may prove useful as an ad-
junct to cytology, but currently it re-
quires further testing to define its role
in the management of bladder cancer.
In the United States, it is only ap-
proved for monitoring of patients
with bladder cancer.

Nuclear Matrix Protein 22 Tests

The nuclear matrix protein 22
(NMP22) test detects a nuclear mitotic
apparatus protein that is a component
of the nuclear matrix. Nuclear matrix
proteins make up the framework of a
cell’s nucleus and play an important
role in gene expression.’’* NMP22 is
a protein that localizes with the spin-
dle poles during mitosis and thus reg-
ulates chromatid and daughter cell
separation.’®* There is a substantially
higher level of NMP22 in the urine of
patients with bladder cancer. How-
ever, because this protein is released
from dead and dying urothelial cells,

The nuclear matrix protein 22 (NMP22) test detects a nuclear mitotic ap-
paratus protein that is a component of the nuclear matrix. NMP22 is a pro-
tein that localizes with the spindle poles during mitosis and thus regulates
chromatid and daughter cell separation.

munoCyt detects cellular markers for
bladder cancer in exfoliated urothelial
cells using 3 fluorescent monoclonal
antibodies to pinpoint a high-molecu-
lar-weight form of carcinoembryonic
antigen and 2 bladder tumor cell-as-
sociated mucins. Because the test
requires the use of a fluorescence
microscope by trained personnel, it is
performed in a reference laboratory.
ImmunoCyt has an overall sensitivity
of 50% to 100%.>*° Its specificity has

many benign conditions of the uri-
nary tract, such as stones, infection,
inflammation, and hematuria, and
cystoscopy can cause a false-positive
reading. Both a laboratory-based
quantitative microplate enzyme im-
munoassay and a qualitative point-
of-care test are available and are
FDA-approved for use in bladder can-
cer surveillance. The latter is also ap-
proved for detection of bladder cancer
in high-risk patients.
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Figure 1. Variation of the optimal cutoff value for nuclear matrix protein 22 (NMP22) according to the predicted endpoint of interest. Curves of
relative diagnostic sensitivity, specificity, and accuracy for detection of (A) any bladder transitional cell carcinoma (TCC); (B) grade 3 bladder
transitional cell carcinoma; and (C) muscle-invasive bladder transitional cell carcinoma according to different diagnostic NMP22 cut point levels.
Data from a multi-institutional study comprising 2871 patients who underwent office cystoscopy for monitoring for previous stage Ta, T1, and/or
carcinoma in situ transitional cell carcinoma from 12 participating institutions. Reprinted from The Journal of Urology, Vol. 176, Shariat SF et al,
“Variability in the performance of nuclear matrix protein 22 for the detection of bladder cancer,” pp. 919-926, Copyright American Urological

Association 2006.

The sensitivity of the quantitative
enzyme immunoassay (Matritech,
Newton, MA) has ranged from 47% to
100%, most often falling between
60% and 70%,'71920-2342-48 qepending
on the cutoff used. The specificity for
the NMP22 test is 60% to 90%, again
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depending somewhat on the cut-
Off Value used.17,19—21,23,28,30,42—44,49,50
Analysis of data shows that the
NMP22 test is superior to cytology
for detection of grade 1 and 2 blad-
der cancer but that it offers lower
specificity.

REVIEWS IN UROLOGY

Exclusion of the following 6 crite-
ria may increase specificity of this
test: benign inflammatory or infec-
tious conditions, renal or bladder
calculi, foreign body (stent or
nephrostomy tube), bowel interposi-
tion, other genitourinary cancer, and
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Figure 2. Variation of the optimal cutoff value for nuclear matrix protein 22 (NMP22) according to the patient population. Curves of relative diagnostic sensitivity, specificity,
and accuracy for detection of any bladder transitional cell carcinoma according to different diagnostic NMP22 cutoff levels for each institution. Data from a multi-institutional
study comprising 2871 patients who underwent office cystoscopy for monitoring for previous stage Ta, T1, and/or carcinoma in situ transitional cell carcinoma from 12 par-
ticipating institutions. Reprinted from The Journal of Urology, Vol. 176, Shariat SF et al, “Variability in the performance of nuclear matrix protein 22 for the detection of
bladder cancer,” pp. 919-926, Copyright American Urological Association 2006.

instrumentation.” When patients
with these problems were excluded,
specificity was increased to 99%."'
NMP22 has, however, not gained
widespread use in routine urology
practice for several reasons. First, re-
luctance may stem from the high
false-positive rate and the absence of
large-scale testing to confirm that
NMP22 improves prediction of disease
recurrence/progression in patients
with stages Ta, T1, and/or CIS bladder
cancer. In addition, the optimal
NMP22 cut point remains controver-
sial. Whereas the manufacturer rec-
ommends a value of 10 U/mL or

greater as a positive test result, studies
have suggested alternative threshold
values between 3.6 and 13.7 U/mL,
changing with the desired predicted
endpoint (Figure 1) and the population
characteristics (Figure 2).°%3

Shariat and colleagues®* have previ-
ously developed and internally
validated highly accurate nomograms
for prediction of disease recurrence
and progression in patients with Ta,
T1, and/or CIS urothelial carcinoma
using data from 2871 patients from 12
centers, 9 countries, 4 continents (Fig-
ure 3). The nomograms incorporate
urinary NMP22 levels, urinary cytol-

VOL. 10 NO. 2 2008 REVIEWS IN UROLOGY

ogy, patient age, and gender. Urinary
levels of NMP22 improved the ability
to predict bladder cancer recurrence
and progression by a statistically and
clinically significant margin. However,
the investigators found important
variability in the predictive accuracy
of NMP22 between institutions. There-
fore, in a follow-up study, they evalu-
ated the variability of urinary levels
of NMP22 for detecting cancer recur-
rence and progression.”> They found
a substantial degree of heterogeneity
in performance characteristics of
NMP22 applied to different populations
(area under the receiver operating
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Figure 2. (Continued)

characteristics curve for detection of
bladder urothelial carcinoma across
institutions ranged from 0.676 to
0.889).

Recently, an in-office point-of-care
test using NMP22 was introduced
(NMP22® BladderChek®; Matritech).
A multi-institutional trial revealed
that the addition of the NMP22
BladderChek test to cystoscopy im-
proves the detection rate of recurrent
bladder cancer in patients with a his-
tory of bladder cancer.® The NMP22
BladderChek test sensitivities were
50% and 90% for noninvasive and in-
vasive cancer, respectively, with an
overall sensitivity of 55.7%. In con-
trast, cytology performed poorly, with
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comparable sensitivities of 16.7% and
22.2% in noninvasive and invasive
bladder cancers, respectively, with an
overall sensitivity of 15.8%. Overall
specificity was still higher for cytol-
ogy at 99.20 compared with 85.7%
for NMP22 BladderChek.

The NMP22 BladderChek test de-
tected 8 of 9 cancers not detected by
initial cystoscopy, including 7 that
were considered aggressive. In con-
trast, urine cytology only detected 3
of the cancers missed by cystoscopy.
The addition of the NMP22 Blad-
derChek test to cystoscopy detected
94% of the cancers. Although this
study was promising, concerns were
raised regarding its findings. First,

REVIEWS IN UROLOGY

this study cites what is perhaps the
lowest reported sensitivity for cytol-
ogy. Unfortunately, cytologic assess-
ment was not rigorously controlled or
optimized. Moreover, with a sensitiv-
ity of 500, use of the NMP22 Blad-
derChek does not obviate the need for
cystoscopy.

Finally, there is a question of the
clinical value of a positive test result
in the face of negative results on
cystoscopy. The standard of care for
patients with positive results on cytol-
ogy in the face of negative cystoscopic
findings is a trip to the operating room
for bladder biopsies to exclude CIS.
The 10% to 20% rate of false-positive
results does not encourage one to take
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Figure 3. Nomograms for (A) recurence of any transitional cell carcinoma; (B) recurrence of grade 3 Ta or T1, or of carcinoma in situ (CIS); (C) re-
currence of T2 or higher stage transitional cell carcinoma in 2681 patients who underwent office cystoscopy for detection of bladder cancer recur-
rence after treatment of stage Ta, T1, and/or CIS urothelial carcinoma of the urinary bladder. Reprinted from The Journal of Urology, Vol. 173, Shariat
SF et al, "Nomograms including nuclear matrix protein 22 for prediction of disease recurrence and progression in patients with Ta, T1 or CIS tran-
sitional cell carcinoma of the bladder,” pp. 1518-1525, Copyright American Urological Association 2005.

VOL. 10 NO. 2 2008 REVIEWS IN UROLOGY 127



Urinary Markers for Bladder Cancer continued

Figure 4. (A) Fluorescence in situ hybridization-posi-
tive nucleus; (B) chromosome 3, SpectrumRed; (C)
chromosome 7, SpectrumGreen; (D) chromosome 17,
SpectrumAqua; (E) locus 9p21, SpectrumGold.
Reprinted from European Urology, Vol. 51, Moonen
PM et al, "UroVysion compared with cytology and
quantitative cytology in the surveillance of non-
muscle-invasive bladder cancer,” pp. 1275-1280,
Copyright 2006, with permission from European
Association of Urology.

a patient to surgery, so many clini-
cians simply observe these patients.
This raises patient and physician anx-
iety. One questions the value of a test
that does not result in any further
action or clear diagnostic information.

UroVysion
Multiple chromosomes, such as 1, 3,
4,7,8,9, 11, and 17, are altered in
urothelial tumors.”® These chromoso-
mal alterations can be easily detected
with fluorescence in situ hybridiza-
tion (FISH) assay. UroVysion™ (Vysis,
Downers Grove, IL) is a multitarget
FISH assay that detects aneuploidy in
chromosomes 3, 7, and 17 as well as
loss of the 9p21 locus using a fluores-
cence microscope (Figure 4). This test
has been approved by the FDA for
both monitoring of patients with a
history of bladder cancer and detec-
tion in patients with hematuria.
Because such deoxyribonucleic acid
(DNA) changes usually lead to mor-
phologically abnormal cells, scanning
the FISH slide focuses on the same
cells as those considered during con-
ventional cytology. Large or irregular
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nuclei or cells in clusters or those ap-
pearing otherwise suspicious are in-
spected for probe staining. Thus, FISH
technology combines assessment of
the morphologic changes of conven-
tional cytology with molecular DNA
changes. Each probe is a fluorescently
labeled, single-stranded DNA frag-
ment (nucleic acid sequence) comple-
mentary to specific target sequences
of cellular DNA that are denatured to
allow hybridization with the probe.
Fluorescence microscopy allows visu-
alization of the hybridized, labeled
probe. The kit contains a mixture of
unlabeled blocking DNA to suppress
sequences contained within the target
loci that are common to other chro-
mosomes. Currently, no uniform crite-
ria for a positive UroVysion assay
exist. A minimum of 25 morphologi-
cally abnormal cells is viewed. At our
institution, UroVysion assay is consid-
ered positive when 4 or more cells
with multiple chromosomal gains of
3,7, or 17 or 12 or more cells with loss
of both copies of locus 9p21 exist.

In all published comparative stud-
ies, FISH outperforms cytology across
all stages and grades of urothelial
carcinoma.””"®® Although overall sen-
sitivity of cytology was 48% and of
FISH was 749, the greatest advantage
of FISH was in the detection of high-
grade urothelial carcinoma, including
CIS (67% vs 100% for cytology vs
FISH, respectively). Cumulative data
from comparative studies showed that
the sensitivity of cytology compared
with FISH was 19% versus 58% for
grade 1, 50% versus 77% for grade 2,
and 71% versus 96% for grade 3. Sim-
ilar findings occurred by stage: sensi-
tivity of cytology compared with
FISH was 35% versus 64% for Ta,
66% versus 83% for T1, and 76% ver-
sus 94% for invasive carcinoma.

Despite these promising data, there
are limitations to this test. Regardless
of its high sensitivity, FISH depends
on the presence of adequate numbers
of exfoliated abnormal cells in the
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urine specimen. Thus, small urine vol-
ume, low tumor burden, or tumor
cells that do not exfoliate will pre-
clude the fulfillment of positivity cri-
teria. Bladder washing can increase
the number of cells available for in-
spection with FISH, increasing diag-
nostic yield. The usefulness of FISH
for the detection of a nested variant
urothelial carcinoma (the rare tumor
completely covered by normal
urothelium that prevents cellular
shedding) and tumor in a diverticu-
lum (which theoretically limits the
cells shed into the voided specimen)
remains to be determined.

Finally, FISH does not detect diploid
cells without 9p21 deletions. There are
other issues, such as high cost and the
fact that this is not a point-of-care
test, that limit its clinical usefulness.
The poor positive predictive value
leads to false-positive results. How-
ever, some researchers have argued
that false-positive findings may
indicate premalignant changes pre-
ceding the discovery of recurrent ma-
lignancy (what has been termed antic-
ipatory positive results). Skacel and
colleagues®® studied UroVysion in 120
patients. Nine patients had a false-
positive test result. However, 8 of
those 9 patients (89%) had a positive
bladder biopsy within 12 months of
the UroVysion test. The ninth patient
had a positive bladder biopsy at 15
months of follow-up. Unfortunately,
one cannot justify a preemptive inter-
vention, such as intravesical therapy,
on the basis of an increased likelihood
for recurrence, especially considering
the baseline high recurrence rate of
bladder tumors.

Bladder Cancer Tumor Markers
Under Investigation

Urinary Bladder Cancer Test

IDL Biotech (Bromma, Sweden) recently
developed UBC™, a point-of-care test
that qualitatively measures cytoker-
atins 8 and 18 in the urine,® and
UBC™ enzyme-linked immunosorbent
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Figure 5. Model of potential BLCA-4 action. IL, interleukin. Reprinted with permission from Myers-Irvin JM

et al."”?

assay (ELISA), which is a 2-hour
sandwich test.®> Cytokeratins are in-
termediate filament proteins that are
characteristic of epithelial cells. A
dark line on the test strip indicates a
positive result.®® Mian and cowork-
ers®? performed UBC tests on the urine
of 180 patients and reported an over-
all sensitivity of 66% and specificity
of 90%. This test requires investiga-
tion in multicenter trials.

BLCA-1 and BLCA-4

BLCA-1 is a nuclear transcription fac-
tor present in the tumor area of the
bladder but not in adjacent benign
tissue or nonmalignant bladder.
BLCA-1 levels are increased in blad-
der cancer and with higher tumor
stage. BLCA-4 is present in both the
tumor and adjacent benign areas of
the bladder but not in benign blad-
ders.** BLCA-4 is measured in the
urine using ELISA, and its sensitivity
ranges between 89% and 96%, with a
specificity of 100% for bladder cancer
(Figure 5).°>%® BLCA-1 and BLCA-4

seem to be promising markers for
bladder cancer, with a high sensitivity
and specificity. Randomized trials are
needed to further study their useful-
ness on a larger scale.

Hyaluronic Acid and Hyaluronidase
Hyaluronic acid (HA) is a nonsulfated
glycosaminoglycan found in normal
tissue and tissue fluids. When present
in tumor tissues, it promotes metasta-
sis and may interfere with immune
surveillance.” At a cutoff value of
100 ng/mL, urine HA had 92% sensi-
tivity and 93% specificity for detect-
ing bladder cancer.®®

Hyaluronidase (HAase), an endogly-
cosidase, degrades HA into small frag-
ments that promote angiogenesis.*
Hyaluronidase secretion by bladder
tumor cells correlates with invasive
potential. Pham and coworkers”™ ana-
lyzed 139 urine specimens and de-
tected a 5- to 8-fold elevation of
hyaluronidase in the urine of patients
with grade 2 or 3 bladder cancer.
However, its widespread applicability

may be somewhat limited; the accu-
racy of this test for detecting low-
grade tumor is poor and may even be
less than that of routine voided urine
cytology. Further refinement in the
assay technique and evaluation in
larger clinical trials would help to de-
fine the clinical applicability of this
marker.

Lewis X Antigen

Lewis-related antigens are cell-sur-
face molecules divided into 4 sub-
classes, of which only the Lewis X
group is associated with bladder
cancer.®> The Lewis X antigen is ex-
pressed in epithelium from urothelial
carcinoma, regardless of the tumor
grade or stage.” Overall, the sensitiv-
ity is approximately 80% with a
specificity of 86%.”%"® The sensitivity
increases to 95% when 2 consecutive
urine samples are examined. Testing
on more heterogeneous populations
of patients is needed to determine the
true specificity.

Microsatellite Analysis
Microsatellites are highly polymor-
phic DNA repeats (1 to 4 base pairs
each) found throughout the human
genome.’* These microsatellites can
undergo mutations, leading to loss of
heterogeneity and/or microsatellite
instability, and thus can be used as
markers of neoplasia. The most com-
mon genetic change in bladder cancer
is loss of heterogeneity in chromo-
some 9.°> Chromosomes 4p, 8p, 9p,
11p, and 17p also often display loss of
heterogeneity in patients with bladder
cancer.”>’®

Several studies have been con-
ducted analyzing voided urine with
17 to 20 microsatellite markers.”*”’
The overall sensitivity from these
studies was 729% to 97%, and overall
specificity was 80% to 100%. Al-
though these studies demonstrated
high sensitivity and specificity, all in-
volved small numbers of patients,
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particularly in the control groups. In
addition, with the currently available
techniques, there is a need for expen-
sive equipment and trained personnel.

Quanticyt

Bladder wash flow cytometry detect-
ing aneuploid cells has initially
yielded promising results. Later stud-
ies demonstrated that sensitivity was
only marginally better than that of
urine cytology, with slightly de-
creased specificity.”®”® Quanticyt™
(Gentian Scientific Software, Niawier,
The Netherlands) is an automated
karyometric image analysis system
that evaluates nuclear shape and DNA
content of exfoliated cells obtained
from bladder washings. It then is able
to assign a low-, intermediate-, or
high-risk “score” for bladder cancer.®
Overall sensitivity of the Quanticyt
system is 45% to 69% for detection
of bladder cancer.'”*®® The overall
specificity is 70% to 939%.'7*%8 The
test requires catheterization for a
bladder wash specimen, because a rel-
atively large number of cells are
needed. The test is unlikely to become
widely available because it requires
technical expertise and expensive
equipment.
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Soluble Fas
The Fas signaling pathway is a pri-
mary mediator of apoptosis in various
physiologic processes, such as tumor
cell death mediated by cytotoxic T
cells and natural Kkiller cells, and
maintenance of immune privileged
sites, such as the eye, testis, brain,
and maternal-fetal interface. Using a
conventional ELISA assay, Svatek and
associates® showed that higher uri-
nary levels of soluble Fas (sFas) are an
independent predictor of bladder can-
cer recurrence and progression to in-
vasive tumor stage, after controlling
for the effects of cytology, NMP22,
and patient age. This association re-
mained significant in patients with a
normal cytology assay result.
Although the overall performances
for the detection of bladder cancer of
urine sFas and NMP22 were not sig-
nificantly different from each other,
at sensitivity values above 75%, sFas
had a consistently higher specificity
than NMP22 (Figure 6). This is an im-
portant difference, because high sen-
sitivity is desired to detect cancer, but
poor specificity can lead to many
false-positive findings with resultant
unnecessary workups, patient mor-
bidity, anxiety, and cost. However,
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these findings can only be considered
preliminary. Before use as a bladder
cancer marker, the sample acquisition
protocols and the sFas assay need to
be refined and standardized. In addi-
tion, before introduction to patient
care, the findings of this study need
to be confirmed in large, prospective,
collaborative phase II/III trials.

Survivin

Survivin is a novel member of the in-
hibitor of apoptosis gene family that
counteracts cell death, controls mi-
totic progression, and induces
changes in gene expression that are
associated with tumor cell invasive-
ness.®? Characteristically, survivin
messenger ribonucleic acid (mRNA) is
selectively expressed during embry-
onic and fetal development, becomes
undetectable or expressed at low
levels in most differentiated normal
adult tissues, and is overexpressed in
human cancers.

Survivin levels in urine are detected
using a Bio-dot immunoassay incor-
porating a rabbit polyclonal antisur-
vivin antibody. Urinary levels of sur-
vivin gene activation, both at the
protein and the mRNA level, are asso-
ciated with bladder cancer presence,
higher tumor grade, and advanced
pathologic stage.®*®

In the largest study performed in
bladder cancer, higher levels of sur-
vivin were found to correlate with in-
creased risk of bladder cancer and
higher-grade tumors but not with
tumor invasion.** In this study, sur-
vivin sensitivity was 64% with a
specificity of 93%. After controlling
for the effects of age, urine cytology,
and urine NMP22, urinary survivin
was independently associated with
bladder presence and high-grade
urothelial carcinoma.®* Another study
reported that the survivin mRNA (ob-
tained from bladder washings) copy
number correlated with recurrence-
free survival.®®
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The performance of the assay used
in these studies does not comply with
validation criteria appropriate for an-
alytic techniques. Further studies are
necessary to generate receiver operat-
ing characteristics analyses, which
could then be used to establish bio-
logic and clinically relevant cut
points. Until then, this assay remains
experimental, requiring further vali-
dation of its sensitivity, sensibility,
reliability, and accuracy, as well as
innovation and standardization.

Telomerase

Telomeres are repetitive sequences
that cap the terminal ends of eukary-
otic chromosomes. During each cell
division, telomeres decrease in size.
This leads to chromosomal instability
and, eventually, to cell death.®
Telomerase is a ribonucleoprotein
enzyme that helps to synthesize
telomeres and thus maintain chromo-
somal ends.’”® In normal somatic
tissue, cells do not produce telom-
erase. Malignant neoplasms, includ-
ing bladder cancer,”® have been
shown to produce telomerase and
thus to regenerate telomeres and pre-
vent cell death.”

The standard technique to measure
telomerase activity is the telomeric
repeat amplification protocol assay
(TRAP assay).” Another telomerase-
based assay involves detection of the
catalytic subunit of telomerase,
hTERT, using polymerase chain reac-
tion (PCR). Because specialized equip-
ment and trained personnel are
needed, the testing must be done in a
reference laboratory. When compared
with TRAP, hTERT PCR has higher
sensitivity than TRAP assay, ranging
between 75% and 100%.°*% The
overall sensitivity of telomerase test-
ing for detection of bladder cancer is
between 7% and 100%, with the re-
sults of most studies between 70%
and 8600.2*291%1 Examining the
population studied or the technique of

sample collection may explain the
wide range of sensitivity.

The overall specificity of telom-
erase for bladder cancer is between
24% and 90%, with the results of
most studies in the 60% to 70%
range,?*%9495192 However, because
many bladder cancer patients have
other urologic and nonurologic co-
morbidities, the clinical applicability
of the telomerase assay could be lim-
ited. Another possible limitation of
this test is the potential for inactiva-
tion of the telomerase enzyme in
urine, leading to extremely low sensi-
tivity (7% in 1 study).'® Considering

ity for many of the bladder tumor
markers is at least this high. The
prevalence of bladder cancer is less
than that for prostate cancer; there-
fore, widespread screening would
lead to many false-positive tests and
unnecessary, costly, and invasive
workups. Screening only patients at
high risk for bladder cancer could po-
tentially produce similar results as
screening with PSA.

Another potential use for bladder
tumor markers is in the diagnosis of
bladder cancer, either as an adjunct to
or a replacement for current standard
tests. Most of the comparative studies

Some of the newer tests are close but require automation of the testing
process to decrease the time and expense, or need additional testing on het-
erogeneous populations of patients to determine their accuracy.

the need for trained personnel in a
reference laboratory and the wide
range of results from different studies,
telomerase assays are not useful in
their current form for detection and
monitoring of bladder cancer.

Conclusions

Noninvasive bladder cancer tests
have many potential applications,
and each should be assessed individ-
ually. These tests may eventually be
used to screen patients in high-risk
groups, to help diagnose or even pre-
dict recurrence, and to decrease the
necessity of invasive testing. In ana-
lyzing the potential for bladder can-
cer tests as screening tools, an inter-
esting comparison is the use of serum
prostate-specific antigen (PSA) in
prostate cancer. Patients can be
screened annually with a PSA blood
test and a digital rectal examination.
In screening studies using the cut
point of 4 ng/mL, the positive predic-
tive value of PSA ranged from 17%
to 38%, and the sensitivity ranged
from 27% to 80%.'°*'* The sensitiv-

have shown that noninvasive tumor
markers (BTA stat, BTA TRAK,
NMP22, telomerase, Quanticyt, and
UroVysion) have sensitivity for blad-
der cancer equal to or greater than
that with cytology, even in high-
grade cancers. Many other markers
(ImmunoCyt, AccuDx [Intracel,
Rockville, MD], HA-HAase, survivin,
UBC ELISA, UBC Rapid, Lewis X anti-
gen, microsatellite analysis) also have
demonstrated high sensitivity for
bladder cancer. None of these tests,
however, meets all of the criteria of
an ideal tumor marker. Some of the
newer tests are close but require au-
tomation of the testing process to de-
crease the time and expense, or need
additional testing on heterogeneous
populations of patients to determine
their accuracy. At this stage, the
physician can choose either one of the
currently available bladder tumor
markers (eg, BTA stat, BTA TRAK,
ImmunoCyt, NMP22, UroVysion) or
cytology as adjunctive tests to cys-
toscopy in the follow-up of patients
with bladder cancer.
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Another potential role for bladder
tumor markers is to decrease the ne-
cessity of invasive testing to improve
patient comfort and decrease cost. It
would be reasonable to consider de-
creasing the number of cystoscopies
performed by alternating the endo-
scopic examination with a bladder
tumor marker test. This could be done
in patients with a history of low-
grade, stage Ta urothelial carcinoma
who are at low risk of progression."®
If the marker misses a low-grade re-
currence, it would be picked up by the
next cystoscopy with little risk of
progression. On the other hand, cys-
toscopy is performed in the office
with local anesthesia and a small-
caliber flexible endoscope, which is
minimally invasive in men and even
less invasive in women.

The psychological impact of testing
patients with markers versus a visual
inspection also should be considered.
Will the patient be able to sleep at
night if he or she knows the physician
did not “see” any cancer? Will pa-
tients accept the use of a marker?
Vriesema and colleagues™ found that

patients chose flexible cystoscopy
over a bladder tumor marker when
the sensitivity of the marker was less
than 90%. These markers are intended
to provide an accurate, less invasive
alternative. However, it is possible
that if the marker does not have a
high specificity, it could, in fact, lead
to more invasive tests. If the patient
had a “false-positive” marker test re-
sult (positive for marker, but negative
on cystoscopy), will this lead the clin-
ician to search for the cancer before it
can be called a false-positive? It may
lead to upper urinary tract imaging or
endoscopy to rule out disease in those
areas. Therefore, the full evaluation of
patients with “false-positive” test re-
sults should be considered in research
settings to determine the answer to
this question: When is a false-positive
a real false-positive? Much progress
in developing bladder cancer markers
has been made in the last 5 years.
With more research on these and
other markers not reviewed in this ar-
ticle, the role for bladder cancer
markers will be further defined. Until
then, cystoscopy and urinary cytol-

ogy still represent the gold standard
for diagnosis of bladder cancer. [ ]
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