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1. Introduction

The diagnosis of bladder cancer is generally made by cystoscopy and biopsy. Moreover,
bladder cancer has a very high frequency of recurrence and therefore requires follow-up
cystoscopy, along with urine cytology, as periodic surveillance to identify recurrence early.
Cystoscopy is invasive and apt with complications like urine infection which sometimes
lead to septicaemia with serious consequencies. Patient experience is most times not
pleasant. Therefore, there needs to be a better way of surveillance for bladder cancer which
is non-invasive and more acceptable to the patient experience. Consequently, urine
biomarkers might be used to either supplement or supplant these tests.

Urinary bladder carcinoma, the fourth most common cancer in men and ninth most
common in women results in significant morbidity and mortality.

Bladder cancer (urothelial carcinoma) typically presents as a tumour confined to the
superficial mucosa of the bladder. The most common symptom of early bladder cancer is
haematuria; however, urinary tract symptoms (i.e., urinary frequency, urgency and
dysuria) may also occur. Most urologists follow the American Urological Association
(AUA) guidelines for haematuria which recommend cystoscopic evaluation of all adults
greater than 40 years old with microscopic haematuria and for those less than 40 years old
with risk factors for developing bladder cancer. Confirmatory diagnosis of bladder cancer
must by made by cystoscopic examination and biopsy which is considered to be the “gold
standard.”

At initial diagnosis, about 70 percent of patients have cancers confined to the epithelium or
sub-epithelial connective tissue. Non-muscle invasive disease is usually treated with
transurethral resection with or without intravesical therapy, depending on depth of
invasion and tumour grade. However, there is a 75 percent incidence of recurrence in these
patients with 10-15 percent progressing to muscle invasion over a five year period. Current
follow-up protocols include flexible cystoscopy and urine cytology every three months for
one to three years, every six months for an additional two to three years, and then annually,
assuming no recurrence.

www.intechopen.com
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While urine cytology is a specific test (from 90 percent-100 percent), its sensitivity is lower,
ranging from 50 percent-60 percent overall and is considered even lower for low-grade
tumours. Therefore, there has been interest in identifying tumour markers in voided urine
that would provide a more sensitive and objective test for tumour recurrence.

2. Background

Bladder cancer is very common, ranking second only to prostate cancer for cancers of the
urinary tract. Approximately 54 000 new cases of bladder cancer are diagnosed and ~12 000
people die from this disease every year in the United States alone. Most patients are
diagnosed with superficial tumours, which can be completely resected. However, two-thirds
of these patients will experience recurrence within 5 years, and almost 90% will have a
recurrence by 15 years. Early diagnosis leads to better clinical outcomes, underscoring the
importance of finding new ways for screening the general population. Currently, potential
bladder tumour markers can be used in various clinical scenarios, including (14):

e  Serial testing for earlier detection of recurrence;

e Complementary testing to urine cytology to improve the detection rate;

e Providing a less expensive and more objective alternative to the urine cytology test; and
e Directing the cytoscopic evaluation of patient follow-up.

The gold standard for the detection of urothelial neoplasia is cytologic examination of
urothelial cells from voided urine, urinary bladder washings, and urinary tract brushing
specimens in combination with cystoscopic examination 1213 Because cystoscopy is an
invasive procedure and urinary cytology suffers from low sensitivity and specificity,
particularly for lower grade tumours, it is desirable to identify novel biomarkers for this
cancer. Biochemical testing of urine is a non-invasive and less expensive procedure for
diagnosing and monitoring this disease. Because none of the markers mentioned above has
sufficient sensitivity and specificity, the quest for identifying additional bladder cancer
biomarkers continues.

Fig. 1. Cystoscopic appearance of bladder tumour
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Fig. 2. Relationship between sensitivity and specificity
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Fig. 3. Ca 19-9 levels in urine (Adapted from ClinChem.org)
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Fig. 4. Mechanism of cancer marker production and appearance in urine (Adapted from
flipper.diff.org)

Kageyama et al. propose proteomic analysis of urine as a new way to identify bladder cancer
biomarkers. Previously, Celis et al. utilised two-dimensional gel electrophoresis and
developed a comprehensive database for bladder cancer profiles of both transitional and
squamous cell carcinomas.

Biochemical testing of urine should be able to diagnose early bladder carcinoma because
candidate informative molecules could be excreted into the urine during cancer
development. Proteomic profiling of urine has been suggested as a diagnostic test for
bladder carcinoma 1. In addition, many other biochemical molecules or genetic markers
have been discovered that could be used to diagnose bladder carcinoma with fair sensitivity
and specificity. Such molecules (or methods) include, but are not limited to, the following
(the approximate diagnostic sensitivities and specificities are in parentheses): BTA stat (68 %;
66%); BTA-TRAK (71%; 62%); NMP22 (64%; 71%); telomerase (74%; 89%); HA-HAase (91%;
86%); Immunocyt (68%; 79%); F/FDP (68%; 86%); multicolor fluorescence in situ
hybridization assays (84%; 90%); cytokeratins (76%; 84%); metalloproteinases (60%; 80%);
and p53 mutation (32%; 100%). The most common noninvasive test, however, is voided
urine cytology (VUC), which has a sensitivity of ~50%and a specificity of 97% 12. This test
has higher sensitivity for higher grade tumors.

Through their studies, Kageyama et al. were able to identify a potential tumour marker,
calreticulin, which is found in the urine of patients with bladder carcinoma. The authors
used a differential display method of bladder cancer vs healthy urothelial tissue and mass
spectrometry to identify proteins that are increased in cancer tissue. In addition to
calreticulin, an endoplasmic reticulum chaperone, they found nine other candidate proteins
that could constitute new biomarkers for bladder carcinoma. The authors confirmed their
data  with quantitative = Western blot analysis, immunoprecipitation, and
immunohistochemistry. Their reported sensitivity and specificity were 73% and 86%,
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respectively, similar to the values reported for other biochemical bladder markers (see
above). However, the diagnostic accuracy of their test was vulnerable to urinary tract
infections.

The main question surrounding bladder cancer and urinary biomarkers is how these
molecules can be used in clinical practice. Clearly, these tests are not useful for population
screening because of their low sensitivity and specificity. In addition, none of the available
tests is sufficiently accurate to replace cystoscopy in the investigation of a patient with a
possible bladder tumour. VUC has relatively low sensitivity, especially for low-grade
tumours, but it is currently the most specific test for bladder carcinoma. Consequently, when
VUC is positive, it indicates a high-risk tumour that requires definitive treatment. VUC is
currently used for monitoring of patients with known high-risk disease, and positive
cytology with negative cystoscopy may indicate malignancy of the prostate or upper urinary
tract.

Current guidelines suggest that low-risk patients should be surveyed once a year with
cystoscopy and high-risk patients at 3-month intervals. Currently, cystoscopy is always
combined with VUC. Because, as mentioned earlier, new urinary bladder tests such as BTA
or NMP22 could detect lower-grade disease recurrence with higher sensitivity than VUC, it
could be worthwhile to consider including one or more of these tests in the routine follow-
up of patients with bladder carcinoma. However, large prospective studies will be necessary
to test the clinical utility of these assays against cytology. Such trials could show the value of
these new tests in reducing the frequency of cystoscopy and in contributing to the earlier
and more sensitive detection of disease recurrence, leading to earlier therapeutic
interventions and, fortunately, to improved clinical outcomes.

In conclusion, bladder cancer biomarkers have proliferated more than any other class of
cancer markers over the last 10 years. We now have at hand a multitude of molecules that
can be measured with automated, inexpensive, quantitative assays in urine. These markers
may aid in the monitoring of patients with bladder carcinoma and have the potential to
reduce the number of follow-up cystoscopy, thus reducing healthcare costs and patient
discomfort and, at the same time, detecting relapsing disease more effectively than VUC. It is
time to test these new possibilities with prospective clinical trials.

3. Evaluation of individual markers

Urine-based marker tests are being developed to fill some of the remaining needs. These
newer tests are more accurate in detecting low-grade bladder cancer, so they are especially
useful in monitoring for recurrence, may significantly improve and simplify workup,
diagnosis, and follow-up, and hopefully allow for detection of disease at an earlier stage,
thus improving the chances of curative therapy.

The urine marker assays discussed here have shown enhanced sensitivity in detecting
bladder cancers. However, each still requires further validation and testing in clinical trials
to determine how best to apply these tools for in individual patients. In recent years several
of the newer tests are being used by urologists as another weapon in the arsenal. Although
immunological markers are superior to standard urine cytology, at the present time urine
bound tests are not specific enough to completely replace cystoscopy as a definite diagnostic
tool.

In order to understand what these tests are about it's helpful to have an understanding of
Sensitivity vs. Specificity:
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A diagnostic test is one that predicts the presence of a disease. An ideal diagnostic test
would always give the right answer, with a positive result in everyone with the disease and
a negative result in everyone else - and would be quick, safe, simple, painless, reliable, and
inexpensive, as well. Since no current diagnostic test is ideal, we need to evaluate each of
them for their clinical usefulness. In practice, for any diagnostic test there is a trade-off
between sensitivity and specificity. In cancer diagnosis, the need for this trade-off is rooted
in the fact that cancer arises from our own tissues. It is not completely "foreign" to our
systems like a virus or bacterium is.

It's important to remember that there are four possible results when a diagnostic test is run:
True positive - when the test is positive and the patient does have the disease
False positive - when the test is positive but the patient does not have the disease
True negative - when the test is negative and the patient does not have the disease
False negative - when the test is negative but the patient does have the disease

Here's another way of looking at this (often referred to as a "truth table"):

Test The disease being tested for is The disease being tested for is not
Result present present

"Positive" |True positive False positive

"Negative" |False negative True negative

Calculating the disease sensitivity and specificity are ways of evaluating diagnostic tests,
using the four possible results.

Sensitivity - is the ability of a test to correctly identify a positive specimen, and it tells you
how good the test is at identifying the disease. Statistically, it's the proportion of patients
with the disease who have a positive result, that is, the number of "true positives" out of all
the situations where the disease is present.

For example, 100 patients with cancer are tested using a test that detects tumours. There are
80 positive results and 20 negative results. This means the test has a sensitivity of 80% - it
correctly identified 80 of the 100 cancers - and it gave 20 false negative results.

Specificity - is the ability of a test to correctly identify a negative specimen, and it tells you
how good the test is at identifying when the disease is absent. The statistical way of looking
at this is the proportion of patients without the disease who have a negative test, that is, the
number of "true negatives" out of all the situations where the disease is not present.

For example, 100 normal, healthy individuals are tested using a test that detects tumours.
There are 80 positives and 20 negatives. This means the test has a specificity of 20% - it
correctly identified 20 of the 100 negative specimens - and it gave 80 false positive results.
Both sensitivity and specificity are very important, and they can both be influenced by
various factors, such as the characteristics of the population tested or the value used as a
cut-off for the test (above which the test is positive and below which it is negative). A test
with low sensitivity and many false negative results will fail to detect the tumour in a large
portion of the patients being tested, while a test with low specificity with many false
positive results may lead to unnecessary invasive or expensive procedures and cause undue
alarm.

Many, but not all, patients report they would rather be "scared for nothing" than miss a
tumour, and are therefore most interested in tests with high sensitivity.1
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4. BTA stat test and the BTA TRAK assay

The original Bard BTA Test, which continues to be referred to in the literature from time to
time, was a latex agglutination test detecting bladder tumour-associated antigen and is no
longer distributed in the US. It is important to note that it has been replaced by two newer
tests based on significantly improved technology with much better sensitivity and
specificity.

Both of the new tests detect a human complement factor H-related protein (hCFHrp) which
has been shown to be produced by several human bladder cancer cell lines, and by human
bladder cancers, but not by other epithelial cell lines (Kinders, Clin Cancer Res 4:2511, 1998).
It is thought that factor H acts to protect the tumor cell from the body's natural immune
system (Corey, ] Biol Chem 275:12917, 2000). Both the BTA stat and BTA TRAK tests can
provide valuable but slightly different information for the bladder cancer patient and her
doctor.

The BTA stat Test is a qualitative (positive or negative) test provided in a disposable format
similar to a home pregnancy test. It uses five drops of urine and can be read in five minutes
by the appearance of a coloured line in the patient window, while a coloured line appears in
a "check" window to indicate the test is working properly. This test is cleared in the US for
use by clinical laboratories, the physician or his staff right in the office, or even by the
bladder cancer patient at home (with a physician's prescription). To date, it is the only
tumour marker in the United States with this status. Besides being highly sensitive, fast, and
easy to use, with a unique availability to be run by the physician and/or the patient, this test
is significantly less costly than other diagnostic tests or cytology.

The BTA TRAK Assay is a quantitative immunoassay test and provides a numerical result
of the hCFHrp level. Like the NMP22 test, urine must be sent to a reference laboratory
where the test is performed by professional technologists. In addition to knowledge of the
specific level, an advantage of the BTA TRAK test is the ability to monitor the rise or fall
of hCFHrp.

Numerous clinical studies have been conducted with the new BTA tests. Most reports state
findings in terms of "sensitivity" and "specificity." Briefly, sensitivity is the ability of the test
to correctly identify a positive specimen, and specificity is the ability of the test to correctly
identify a negative specimen.

4.1 BTA stat test studies

In the most recent study (June 2000) and the largest of its kind to date, Raitanen reported the
overall sensitivity of BTA stat as 82%, and cytology as 30% . In another study, Pode reported
100% BTA stat sensitivity in tumors of stage T2 or higher, grade III, and all tumors greater
than 2cm (Pode, J Urol 161:443, 1999). Specificity of the BTA stat Test has been reported as
72-95% (Sarosdy, Urology 50:349, 1997) and 98% in healthy individuals (Raitanen, Scand ]
Urol Nephrol 33:234, 1999).

4.2 BTA TRAK assay studies
In one study, the overall sensitivity of the BTA TRAK Assay was reported as 72% with a

specificity of 75-97% (Ellis, Urology 50:882, 1997). Heicappell again reported an overall
sensitivity of 72%, with 97% specificity in healthy individuals. He also reported that BTA
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TRAK levels reflect tumour stage and grade, with levels in superficial bladder cancer at high
risk of tumour progression significantly higher compared to low and intermediate grade
superficial cancers (Heicappell, Eur Urol 35:81, 1999).

4.3 Comparison studies

In a study conducted at the Mayo Clinic, several urine tumour markers were evaluated,
including urine cytology, BTA stat, NMP22, fibrin/fibrinogen degradation products (FDP),
telomerase, chemiluminescent hemoglobin and hemoglobin dipstick. The telomerase test
presented the highest combination of sensitivity and specificity for screening. However,
other researchers have had difficulty reproducing the telomerase results of this study,
possibly due to the technical difficulties of running the test. It's also important to note that
telomerase is a "Research Use Only" test, and has not received FDA clearance for marketing
in the US. In the same study, the BTA stat Test was shown to have the best overall
sensitivity (74%), and the best sensitivity for T1-T3 and primary tumour detection
(Ramakumar, ] Urol 161:388, 1999).

Another comparison study (Giannopoulos, Urology 55:871, 2000) showed that the BTA stat
Test was more sensitive than cytology in all stages and grades except G3, while NMP22 was
more sensitive than cytology only in stage Ta and Grade 1 and 2. The BTA stat Test also had
higher sensitivity than NMP22 in all stages and grades.

It is also important to note that in both of the BTA tests, and with NMP22 as well, results can
be compromised if there is a urinary tract infection, inflammation, or kidney stones present,
if there has been recent trauma to the bladder, or if the specimen is collected by catheter. The
paper by Sharma, for example, shows the dramatic increase in specificity when these
conditions are excluded from testing (Sharma, J Urol 162:53, 1999). As with any test, for the
results to be most useful they should be interpreted in light of all the medical and clinical
information available.

5. NMP22 'Bladder check'

In a study comparing cystoscopy, cytology, and Bladder Check; the NMP22/Bladderchek
test had a considerably higher detection rate than cytology (67% vs. 20%). Cystoscopy
detected 86% of bladder cancers.

More cost effective than cytology, the Bladder check test could also be a good adjunct to
cystoscopy. The test costs in the range of $20 to $25, which Medicare reimburses for both
bladder cancer monitoring and detection. It is a waived test under the Clinical Laboratory
Improvement Amendments (CLIA).

While the test showed a high negative predictive value, it produced a false-positive result in
19 of the 194 patients without bladder cancer. Dr. Tomera advised that such patients need to
be watched closely. Earlier data by Mark Soloway, MD, has shown that bladder cancer will
be found in 70% of these individuals during the following 3 to 6 months (J Urol 1996;
156:363-7).

NMP22's core technology is based on the level of nuclear matrix proteins (NMPs) that are
detected in body fluids. These levels are correlated to the presence of early-stage cancerous
abnormalities, which have been validated in multiple clinical studies. The technology was
discovered at the Massachusetts Institute of Technology and licensed to Matritech.
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6. FISH

Florescence in situ hybridization (FISH) is an assay which uses a mixture of fluorescent
labeled probes to assess urinary cells for chromosomal abnormalities associated with
malignancy.

In a study at the Mayo clinic, researchers found that urine cytology detected cancerous cells
in only 57 percent of the patients with bladder cancer while the FISH test picked up more
than 95 percent of the high grade cancers, which are the most dangerous and important
group of bladder cancers because they have a high probability of progressing to potentially
incurable muscle-invasive bladder cancer. Cancers the test missed were low-grade tumours,
which are less dangerous and have only a 3 to 5 percent chance of progressing to a higher
stage tumour over five years. The FISH test also detected recurrence of the cancer three to
six months earlier than by the cytology. This earlier detection capability should allow
treatment to be initiated earlier and possibly give the patient a greater chance for survival,
he said.

Fluorescence-in-situ-hybridization (FISH) for multiple centromeric probes has previously
been shown to be a very sensitive test for diagnosing UC, however the test was limited by
the requirement of multiple cytospins to evaluate 4 or more probe sets. Recently a new
commercial test (VYSIS) for evaluating urinary cytology became available in which 4 probes
are simultaneously evaluated on a per cell basis on a single cytospin. We performed a pilot
study to test the efficacy of the new FISH test compared to standard urine cytology. This
study showed that the multi-colour FISH probe test was more sensitive than cytology, easily
performed and yielded a high number of cells with numerical chromosomal aberrations.

7. DiagnoCure’s ImmunoCyt™ bladder cancer monitoring test

ImmunoCyt™ is a 510(k) cleared, by the FDA, qualitative direct immuno-cytofluorescence
assay, intended for use in conjunction with cytology to increase the overall sensitivity for the
detection of tumor cells exfoliated in the urine of patients previously diagnosed with
bladder cancer.

ImmunoCyt™ contains a cocktail of three monoclonal antibodies labeled with fluorescent
markers. The cocktail of antibodies have been shown to react with a mucin glycoprotein as
well as to be specific to a glycoform of CEA. The test detects cellular markers specific for
bladder cancer in exfoliated cells isolated from urine sample. This non-invasive test, when
coupled with urine cytology proves to be more sensitive than urine cytology alone or other
currently available tumour markers.

The current standard method for non-invasive detection of bladder cancer is urinary
cytology, which consists of identifying the presence of cancer cells in urine. Urinary
cytology has high specificity but poor sensitivity, typically no greater than 30% to 45%. This
sensitivity varies according to the stage and grade of the tumor.

ImmunoCytT™is carried out in parallel with cytology to improve cytology's sensitivity at
detecting tumour cells in the urine of patients, especially those with low stage, low grade
tumors. The concomitant use of classical cytology and ImmunoCytTM can substantially
improve the detection of bladder cancer. As shown in the ImmunoCytTM performance
analysis (cumulative data from eleven publications and presentations from 3,203 cases), a
sensitivity of 88% has been obtained when both cytology and ImmunoCyt™ were used
together.
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A multi-centre study in the United States, published in the Journal of Urology, concluded:
ImmunoCyt™ enhances the sensitivity of cytology, which is a specific but not a sensitive
method for detecting bladder cancer. The ability of this immuno-cytochemical test to detect
low grade, superficial, small tumours makes it the most suitable available marker to test for
monitoring strategies in patients with low risk bladder cancer. Performance of urine test in
patients monitored for recurrence of bladder cancer: a multi-centre study in the United
States.

8. FDP-Fibrin/Fibrinogen Degradation Products

FDP has shown high sensitivity even for low-grade and non-invasive tumours, and its
diagnostic ability could be superior to NMP22 according to a recent study

The FDP test detects the presence of fibrin and fibrinogen degradation products in urine. It
is a simple test that can be performed in the office, and results are available in about 10
minutes. Fibrin and fibrinogen degradation products are protein fragments generated by the
action of the fibrinolytic system on fibrin and fibrinogen. Plasma proteins leak from blood
vessels in tumours into the surrounding tissue. Clotting factors rapidly convert the
fibrinogen in the plasma into an extravascular fibrin clot, which is degraded by plasmin and
activated by urokinase. The FDP test can detect these degradation products and is positive
in two thirds of patients with bladder cancer. The FDP assay is more accurate than urine
cytology and has high specificity (negative in 96% of healthy subjects). The FDP test was
found to be superior to the BTA test in at least one study*.

Telomerase is another substance currently being assessed for its potential usefulness in
diagnosing transitional cell cancer (TCC) and in monitoring for recurrence. It will soon be
made available to doctors and patients. Telomerase is a ribonucleoprotein enzyme
responsible for production of telomeres, which are DNA sequences that occupy the ends of
chromosomes and protect their integrity during DNA replication and may be involved in
the immortalization of a cancer cell 3

9. Comparison of screening methods in the detection of bladder cancer

In a study done in "99, researchers prospectively evaluated and compared the sensitivity and
specificity of urine cytology, BTA stat, NMP22, fibrin/fibrinogen degradation products (FDP),
telomerase, chemiluminescent hemoglobin and hemoglobin dipstick to detect bladder cancer ;
within each tumour grade and stage telomerase had the strongest association with bladder
cancer among all tests (69% overall concordance). Telomerase was positive in 91% of the
patients (10 of 11) with carcinoma in situ. The combination of sensitivity and specificity (70
and 99%, respectively) was the highest for bladder cancer screening in these patients.
Telomerase outperformed cytology, BTA stat, NMP22, FDP, chemiluminescent hemoglobin
and hemoglobin dipstick in the prediction of bladder cancer. 4

Telomerase - According to a study published in JAMA (2005; 294:2052-6) Italian
researchers reported the assay showed 90% sensitivity and 88% specificity. Specificity
increased to 94% for those aged 75 years or younger. The same predictive capacity of
activity levels was observed for patients with low-grade tumours or with negative
cytology results. In particular, sensitivity was 93%, 87%, and 89% for tumour grades 1, 2,
and 3, respectively.
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Although the test is proven to identify low-grade tumours, it is not recommended for use in
routine screening programs because of the low incidence of bladder cancer and should be
aimed at high-risk subgroups, noted the authors, from Morgagni-Pierantoni Hospital, Forli.
Theoretically, urine telomerase appears more promising than do non-invasive tests for
bladder cancer to date. The main advantages of the test, are that it is non-invasive, can be
performed under local anaesthetic, and is significantly less expensive, at $20, than the
approximately $100 for cystoscopy or $50 for urinary cytology. It could be a good marker for
high-risk screening groups. Furthermore, it shows a high sensitivity for the diagnosis of
low-grade tumours that can escape detection during cytological examination. Results are
usually available in 2 to 3 days.

10. Hyaluronidase and hyaluronic acid

Hyaluronidase seems to be directly involved in tumour growth and progression, and recent
reports have shown this marker has high accuracy in detecting bladder cancer and
evaluating its grade, Hyaluronidase and hyaluronic acid are associated with induction of
angiogenesis. It has been shown that Hyaluronic acid (HA), the urinary HAase levels of
intermediate (G2) to high- grade (G3) bladder cancer patients are five- to seven-fold elevated
as compared to those of normal individuals and patients with other genitourinary
conditions or low-grade (G1) bladder cancer. The increase in urinary HAase levels is due to
the secretion of a tumour-derived HAase which is elevated eight-fold in G2/G3 tumour
tissues. The HAase in bladder tumour tissues is secreted by tumour epithelial cells and is
associated with the invasive/ metastatic potential of the tumour cells.5

Researchers from Brazil investigated the usefulness of HA for the detection of residual
tumours that may remain after incomplete TUR. 10 The authors concluded that HA- in
addition to being one of the best markers for the initial evaluation of bladder carcinoma- can
be used to determine the presence of a residual tumour. This is associated with poor
prognosis. Furthermore, haematuria does not seem to influence the content of urinary HA.
Other tumor markers such as FISH (Fluorescence in Situ Hybridization) and NMP22 might
be affected by instrumentation and therefore could not be evaluated this early.

11. Low values of urinary HA after TUR indicate a favourable prognosis and
could probably avoid the second procedure

The researchers suggest that after more experience and follow-up using this assay in the
clinical setting, it might be possible to predict not only the cases with residual tumour, but
also those who require early radical surgery or those in whom this can be delayed.

In addition to being a good marker in the initial evaluation of bladder carcinoma thanks to
its excellent sensitivity (83.1%) and specificity (90.1%), HA potential uses include follow-up,
prognostic evaluation, preventing unnecessary interventions and/or to indicate cases where
early radical intervention is necessary.10

12. BLCA-4

Robert H. Getzenberg and colleagues at the University of Pittsburgh, USA have identified
several components of the nuclear matrix, one of which is called BLCA-4, that differentiate
human bladder tumour cells from normal bladder cells. Normal samples from unaffected
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individuals did not react with the antibody, and importantly, BLCA-4 appears to be present
throughout the bladder (i.e., in both normal and tumour areas) in bladder cancer patients.
This "field effect" permitted development of a urine immunoassay for BLCA-4 that detects
the presence of tumour anywhere in the bladder, regardless of stage or grade. The BLCA-4-
urine immunoassay has a specificity of 100% and a sensitivity of 95%. According to Dr.
Getzenberg, the assay is currently being tested by the Pittsburgh researchers in a clinical
trial of individuals at high risk for bladder cancer. ¢

Using a prospectively determined cut-off, 67 of the 75 samples from patients with bladder
cancer were positive for BLCA-4, resulting in an assay sensitivity of 89%. Also, 62 of the 65
samples from individuals without bladder cancer were negative for BLCA-4, resulting in an
assay specificity of 95%. The authors concluded that the high sensitivity and specificity of
the sandwich BLCA-4 immunoassay may allow for earlier detection and treatment of
disease, thus greatly improving patient care. 7

BLCA-4, appears to be associated with a "field effect" of the disease, and in clinical trials is
able to separate individuals with bladder cancer from those without the disease with high
sensitivity and specificity. BLCA-4 is a bladder cancer marker that is highly specific and
occurs early in the development of the disease. It appears to be a transcription factor that
may play a role in the regulation of the gene expression in bladder cancer. BLCA-4 is a
marker with significant clinical utility that may have an active role in the disease.

13. Other proposed markers

DD 23 monoclonal antibody recognizes a 185 kDa antigen expressed by bladder cancer cells
and has been proposed as an adjunct to cytology for the detection of bladder cancer. Urine
fibronectin and chorionic gonadotropin (protein and mRNA transcript) may also be markers
for transitional cell carcinoma of the bladder .

14. Role of urine markers in early detection of bladder cancer

Almost all cases of bladder cancer are found during the work-up of patients who present
with haematuria (71), but most cases of haematuria are not caused by bladder cancer.
Urologic disease is detected in 10% of subjects who present with haematuria, and bladder
cancer is detected in fewer than half of these subjects (72,73,74). The work-up of patients
with haematuria is costly and often requires cytology, cystoscopy, intravenous urography or
computed tomography (75). Thus, tumor markers could be useful in identifying the patients
in this high-risk group, which requires more intensive clinical work-up for bladder cancer.
Zippe et al reported on the value of the urine NMP22 test in the evaluation of 330 patients
with haematuria (76). The NMP22 test when used with a cut-off value of 10.0 u/ml detected
all 18 cases of bladder cancer with 45 false positive cases (sensitivity, 100%; specificity, 85%).
In this study, 267 unnecessary cystoscopy could have been avoided if cystoscopy had been
directed by the NMP22 test. In a clinical trial submitted to the Food and Drug
Administration (as Pre-Market Approval Data), the NMP22 test was elevated in 69.6% of 56
bladder cancer that were detected in the high risk group. In this report, the specificity was
67.7% (77). The NMP22 test has been cleared by the FDA for use as an aid to diagnose
bladder cancer in individuals with risk factors or who have symptoms of bladder cancer. It
is highly likely that other urine markers (e.g. BTA, UroVysion and Immunocyt) may also
have value for cancer detection in subjects who present with haematuria. The high false
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positive rate is the major criticism of the urine-based tests when they are used to assess
patients who present with haematuria or are used in patient surveillance. The low false
negative rate of these tests is their strength, leading to a high negative predictive value that
effectively rules out disease in a significant proportion of patients, thereby eliminating
unnecessary clinical work-ups for bladder cancer.

15. Role of tissue markers for prognosis

Considerable research effort continues to be directed towards the identification of markers
that predict the aggressive potential of superficial bladder tumors. Such information could
lead to more effective surveillance protocols and permit more aggressive treatment of those
patients with tumors most likely to progress to invasive or metastatic disease. Stein et al
have performed an exhaustive review of a variety of biological markers reported to have
prognostic value. More recently, p53 and other cell cycle control genes, chorionic
gonadotropin beta gene transcripts, various cell matrix and adhesion proteins and
differentially expressed NACB.

16. Role of urine markers for patient surveillance

Many reports have established the value of urine tumor marker tests in the early detection
of recurrent bladder tumors, but as yet these urine tests cannot replace routine cystoscopy
and cytology in the management of bladder cancer patients. Instead, they may be used as
complementary adjuncts that direct more effective utilization of clinical procedures, thus
reducing the cost of patient surveillance. Patients with superficial lesions of low grade (Ta,
Grade 1 and II) are at lower risk for recurrence than patients with Ta Grade III and T1
tumors, and these lower-risk patients may need less intensive follow-up .

The urine markers used in patient surveillance have on occasion been criticized for their low
sensitivity in detecting disease, but in most studies they have significantly improved the
detection of bladder cancer when used in conjunction with cytology and cystoscopy. Voided
urine cytology has its own limitations in detecting carcinoma in situ (cis) and low-grade
bladder tumors. It appears that urine markers can assist in the early detection of recurrence
in patients with carcinoma in situ and low-grade superficial tumors.

17. Conclusion

The availability of many new markers for bladder cancer raises the possibility of improving
the rate of cancer detection by combined use of selected markers, measured either
simultaneously or sequentially. The objective of such panel testing should be to improve
both the sensitivity and the specificity for bladder cancer detection. Prospective clinical trials
are undoubtedly necessary to prove their clinical value, before such panels could be
implemented in routine patient care. It should also be noted that the stability of these
tumour marker antigens must be better defined in order to minimize false negative test
results. Improved definition of the disease conditions which can produce false positive test
results for urine based markers could lead to more effective use of these tests for cancer
detection. It seems a long way before these markers replace invasive testing, but at least it
can help define those group of patients who need cystoscopic surveillance while sparing the
majority of patients who do not need the procedure. This will bring enormous cost saving to
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the increasing health care cost we face in the presence of dwinding health care budget
allocations from other competing needs.
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