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Diagnosis of urothelial carcinoma from urine

Bernard Tétu
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Urine cytology is the most widely used noninvasive test to detect urothelial tumors. However, it is limited by its
low sensitivity. On the other hand, cystoscopy is the gold standard procedure to follow patients with a history
of bladder cancer but this test is invasive and costly. Therefore, there is a real need to develop new tests that
can be used in bladder cancer surveillance. Several soluble and cell-based markers have been developed and
most of them improve the sensitivity of cytology but the specificity is invariably decreased. Of the cell-based
tests, two obtained Food and Drug Administration approval. InmunoCyt/uCyt™ is a fluorescent test that uses
three monoclonal antibodies and UroVysion™ is an in situ hybridization test, which uses four different probes to
different chromosomes. Both tests have a high sensitivity to detect cancer cells and can help to predict
urothelial cancer recurrence. InmunoCyt/uCyt is somewhat better at detecting low-grade tumors but UroVysion
is not affected by prior BCG treatment. However, both tests use fluorescent dyes, are time-consuming and
require trained personnel. Because of their high negative predictive value, both tests may help the urologist to

postpone a number of cystoscopies, especially in patients with low-risk urothelial cancer.
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Bladder cancers limited to the mucosa (Tis, Ta) or
invading into the lamina propria (T1), without
muscle invasion® represent more than 80% of
urothelial carcinomas and the recurrence rate
exceeds 50%.""® Standard practice in the follow-up
of patients with bladder cancer requires cystosco-
pies (the current ‘gold standard’) at regular intervals
and the schedule is maintained when a recurrence
occurs.* As cystoscopy is costly and uncomfortable
and that still 10% of lesions are missed,” there is
clearly a need for noninvasive urine markers that
would help to reduce the number of cystoscopies.
Cytology is the most widely used noninvasive
test. It is very specific but this test is limited by its
low sensitivity ranging from 28 to 100% with a
median of 48%.°® Cytology is most useful at
detecting high-grade cancer whereas its sensitivity
for low-grade urothelial tumors is low and merely
reaches 17%°® in certain studies. Furthermore,
criteria used in urinary cytology to detect tumor
cells are largely subjective and the ability to detect
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cancer cells is dependent on the experience of
cytologists or pathologists.®

Screening vs surveillance

A good marker for clinical use has been defined by
the International Bladder Cancer Network as a
reliable and consistently measured marker, which
possesses a good sensitivity and a good specificity
and that use will improve the outcome of the
patients.’ The choice of a tumor marker depends
largely on the clinical needs. A biomarker should be
technically simple, reliable and accurate.* However,
each marker possesses its own characteristics but
none is ideal. There are two major situations, which
require somewhat different marker characteristics.
The marker may be used for either screening of
bladder cancer or for the detection of tumors in
patients with symptoms or followed with a history
of bladder cancer. If the marker is to be used for
screening, it requires a low false-positive rate to
avoid unnecessary investigation. Very few markers
are sensitive and specific enough to be safely used
in a screening program. For patients under surveil-
lance for bladder tumor recurrence, a marker with
high sensitivity and high negative predictive value
may help to limit the frequency of cystosocopies.*
Such a marker with high negative predictive value
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may be useful in patients presenting with either
microhematuria and gross hematuria who, respec-
tively, have a 5 and 27% risk of having bladder
cancer."!

Most commonly used markers

A number of noninvasive tests to detect urinary
bladder cancer (UBC) have been developed. It is
interesting to note that almost all tumor markers
have a much better sensitivity than cytology but few
reached the same level of specificity. Currently, BTA
stat, BTA TRAK, NMP-22, ImmunoCyt/uCyt™ and
UroVysion™ obtained either Food and Drug Admin-
istration (FDA) clearance or approval.”

Tumors markers can be divided into two cate-
gories based on whether urine (soluble urine
markers) or exfoliated cells (cell-associated markers)
are used for the assay.

Soluble Urine Markers

Hematuria detection

Hematuria is a common finding in patients present-
ing with wurinary tract malignancies.* However,
hematuria is also common with inflammatory con-
ditions such as stone disease, benign prostatic
hyperplasia and other conditions, which explain
specificities as low as 67%.® The sensitivity of
hemoglobin dipstick testing ranges from 46 to 74%.*
It is a useful first-line marker to detect urologic
diseases.

BTA stat and BTA TRAK

BTA stat and BTA TRAK (Bard Diagnostics,
Redmond, WA, USA) are antibodies detecting
proteins (complement factor H-related protein) pre-
sent in urine and can be used at a physician’s office.®
Both are FDA approved. BTA stat is an immunoas-
say. BTA TRAK 1is a standard ELISA, which
quantitatively measures the amounts of complement
factor H-related protein. The sensitivity of both tests
ranges from 17 to 89% and is dependent on tumor
grade, stage and size."*° However, although these
tests may improve the sensitivity of cytology, such
improvement remains modest for low-grade, low-
stage tumors.® Although the specificity reaches 90%
and over in healthy individuals, it is much lower
with a variety of benign genitourinary conditions.*

NMP-22

NMP-22 (Matritech, Cambridge, MA, USA) is a
nuclear matrix protein involved in proper distribu-
tion of chromatin during replication. NMP-22 levels
are usually low in normal cells whereas they are
25-fold or greater in patients with bladder cancer.
This is a quantitative sandwich ELISA test using
two antibodies, which recognize two different
epitopes. The sensitivity is around 50-70% and
specificity reaches 60-90%."”"®*'=** This test is FDA
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approved for patients with symptoms of bladder
cancer or at high risk for. A nomogram has been
developed to better predict probability of urothelial
cancer recurrence and progression.*® However, the
reliability of the test is questionable because of the
heterogeneity in the diagnostic performance among
populations from different institutions.?®

BLCA-4 and BLCA-1

BLCA-4 and BLCA-1 are nuclear matrix proteins
identified by proteomic analyses. Both have a high
sensitivity and specificity. The analysis is a sand-
wich ELISA and uses two monoclonal antibodies.
Both are potentially useful markers for the detection
of bladder cancer.*

HA-HAse

This ELISA-like test combines the analysis of
hyaluronic acid and hyaluronidase. HA-HAse is
expressed by tumors and involved in angiogenesis,
tumor growth and invasion. The test has a high
sensitivity to detect low and high grade and stage
tumors. In one study, HA-HAse was reported with
very good sensitivity (83%), specificity (78%),
positive predictive value (64%) and negative pre-
dictive value (90%).%”

Survivin

Survivin is an antiapoptotic protein. The test is
being performed by BioDot microfiltration detection
system. Limited data published to date show that
this is a promising marker with relatively high
sensitivity and specificity.*

Cell-Based Markers

Molecular or protein assays

Microsatellite Analysis. Microsatellites are highly
polymorphic short tandem DNA repeats (mostly
2—4bp each) found throughout the genome. Two
types of microsatellite alterations are found: (1) loss
of heterozygosity (LOH) and (2) microsatellite
instability. LOH are often found on chromosome 9.
The test is carried out by PCR using DNA primers.
This test offers interesting sensitivities (72-97%)
and specificities (80-100%),**®* but requires expen-
sive equipment and trained personnel.

Telomerase. Telomerase is a ribonucleoprotein
that adds telomeres (repetitious sequences that cap
the end of chromosomes and maintain genome
stability) at the end of the chromosomes and leads
to cell immortality. Telomerase can be measured by
PCR amplification (TRAP test) or by RT-PCR (hTERT
mRNA). The sensitivity is around 70-90% and the
specificity reaches 80-90%,*%2"2° although the
latter may be lower in inflammatory conditions.

Cytokeratins. These tests take advantage of the
differential expression of cytokeratins between
benign and malignant cells. Their use is, however,
largely limited by their high false-positive rates with



different clinical disorders. Major tests include the
UBC test, which is a sandwich ELISA targeting
cytokeratins 8 and 18, the cytokeratin 20 test, which
is detected by RT-PCR and CYFRA 21-1, which is an
immunoradiometric and electrochemiluminescent
assay targeting cytokeratin 19.*

Cytologic-based tests

DD23. DD23 is a monoclonal antibody derived from
the immunization of mice with a human bladder
specimen and detects a tumor-associated antigen
expressed by bladder cancer but not normal uro-
thelial cells.?® The sensitivity is around 70% and the
specificity around 60%.%*%"

Keratins. Keratin 20 by immunocytochemistry
provides a sensitivity and a specificity of 65 and
90%, respectively, but the sensitivity is lower for
low-grade tumors.*?

Lewis X. This test has a relatively high reported
sensitivity (83%) and specificity (85%). However, it
has rarely been investigated and its expression on
umbrella cells may interfere with the results of the
assay.”

Quanticyt Nuclear Karyometry. This is a quanti-
tative karyometric cytology system measuring nu-
clear features (nuclear shape and DNA content) in
light microscopy images. Sensitivity (60%) and
specificity (80%) are usually regarded as modest.*”

ImmunoCyt/uCyt™. ImmunoCyt/uCyt™ (Diagno-
Cure Inc., Québec, QC, Canada) has been developed
by Fradet and Lockhart and was aimed at improving
the low sensitivity of cytology.®® It is used as a
complement to cytology and can be performed by the
same personnel trained for cytology screening. This
test obtained FDA clearance in 2000. This fluores-
cence test combines three monoclonal antibodies.**
M344 and LDQ10, labeled with fluorescein, a green
fluorescence, have been raised against mucin-like
antigens. M344 is expressed by 71% of Ta-T1
tumors.®*® 19A211, labeled with Texas red, recognizes
a high molecular form of carcinoembryonic antigen
and is expressed by 90% of Ta—T1 tumors.*®

This test is usually regarded as very promising but
needs to be validated in a large-scale prospective
multicenter  validation study.® Furthermore,
although this test cannot be performed in a physi-
cian’s office, it was not aimed at being performed in
large centralized laboratories. Indeed, in most
studies, good interobserver concordance was ob-
tained even in smaller laboratories®*—** provided
that quality control programs are well established.
The major disadvantages are that the test is largely
operator-dependent and time-consuming and
requires at least 500 cells to call a case negative.
Furthermore, this test requires on site training,
significant experience and regular quality controls
by the company. Finally, the use of fluorescence
does not allow optimal cytologic evaluation.

Sensitivity of ImmunoCyt/uCyt™ ranges from 53
to 100% (average 90%) and specificity ranges from
64 to 95% (74%).%33+3537:3943 A major advantage
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over other tests is its sensitivity to detect both
low-grade and high-grade tumors. Whereas the
sensitivity of cytology increased from 8.3% for grade
1 tumors to 75% for grade 3 tumors, sensitivity of
ImmunoCyt/uCyt™ reached 79% for grade 1, 84%
for grade 2 and 92% for grade 3 tumors.** The
detection of abnormal cells is relatively easy because
fluorescent cells are readily visible even if few
events are present and their detection does not rely
on subtle subjective morphologic criteria. Therefore,
the high sensitivity of ImmunoCyt/uCyt™ may help
pathologists and cytologists to save time at screen-
ing slides.

ImmunoCyt/uCyt™ may also improve the particu-
larly low sensitivity of cytology at detecting upper
urinary tract urothelial cell carcinoma. Indeed,
whereas no grade 1 tumors and 17% of grade 2
carcinomas only were detected by cytologic exam-
ination in upper urinary tract, the sensitivity raised
to 33% of grade 1 tumors and 100% of grade 2
carcinomas with ImmunoCyt/uCyt™.*

The combination of ImmunoCyt/uCyt™ with
cytology may also help to detect nonvisible high-
grade cancers, which may be missed by the
cystoscopist. In several studies, whereas up to
50% are either cytologically negative or suspicious,
all carcinomas in situ are detected by combining
cytology and ImmunoCyt/uCyt™ 3+3638394% However,
although ImmunoCyt/uCyt™ is somewhat less sen-
sitive in the follow-up of patients under BCG
therapy, the combination with cytology leads to a
sensitivity of 100% for recurrences.*®

ImmunoCyt/uCyt™ may also help to predict
urothelial tumor recurrence. With a history of
urothelial tumor and negative cystoscopy, 18% of
patients with ‘false-positive’ ImmunoCyt/uCyt™
developed a recurrence, 2—-6 months after the
negative cystoscopy, compared to 7% only in those
with negative ImmunoCyt/uCyt™ *® and 47% devel-
oped a recurrence at 1 year, as opposed to 11.9% for
patients with a negative test.*

Multitarget Multicolor Fluorescent In Situ Hybrid-
ization Assay Or Multitarget Fluorescence In Situ
Hybridization (UroVysion™). The UroVysion™ test
(Abbott Molecular, Des Plaines, IL, USA) is a
multitarget multicolor fluorescent in situ hybrid-
ization (FISH) assay. This test takes advantage of the
high occurrence of specific chromosomal abnormal-
ities in urothelial cancers.*The use of several probes
is aimed at improving the sensitivity of single
probes. Using paraffin-embedded tissue microar-
rays, UroVysion™ showed abnormalities in 93% of
dysplasias, 91% of CIS and in all invasive cancers
whereas they were found in 17% of urothelial
hyperplasia, reactive atypias and normal urothelium
of healthy patients and in 30% of nonneoplastic
lesions in patients with concomitant urothelial
carcinoma.*”

The test is being performed on exfoliated cells
from urine using centromeric fluorescent denatured
chromosome enumeration probes for chromosome 3

S55

Modern Pathology (2009) 22, S53-S59



Urothelial carcinoma markers in urine
B Tétu

556

(stratum red), 7 (spectrum green), 17 (spectrum
aqua) and the locus-specific identifier probe for
9p21 (spectrum gold), which were found to be most
sensitive to detect carcinoma.*® No consensus has
been reached on the definition of abnormality and
several studies**°®? found significant findings by
modifying suggested manufacturer’s criteria.

The interpretation of UroVysion™ may be diffi-
cult, in part because of the use of fluorescence.
Although polysomy of one or more chromosomes is
straightforward if the DAPI stain defines nuclear
borders, detection of 9p21 deletion is more difficult
if the cell is polysomic, as it is detected relative to
the number of other chromosomes.*”

The sensitivity of UroVysion™ ranges from 39°° to
97% (average 74%°*) but is significantly lower for
low-grade and low-stage tumors.?***** The speci-
ficity is, however, high (89-100%), even with a
variety of benign genitourinary conditions.??%°%%7
As for any FISH technology, this test is better
performed in a reference laboratory and the inter-
pretation is time-consuming. UroVysion™ was also
significantly more sensitive than voided cytology to
detect bladder cancer in patients evaluated for gross
or microscopic hematuria associated with tumors of
any grade and stage.”® The detection of upper tract
urothelial carcinoma is also improved compared to
cytology although tetrasomic an near-tetrasomic
tend to be more abundant, more likely because of
the abundance of umbrella cells in upper tract
washing specimens.®*

The test was also particularly useful at predicting
tumor recurrence. In a population of patients with a
history of urothelial carcinoma and negative control
cystoscopy, UroVysion™ predicted a recurrence in
39% of patients with a positive test and in 21% of
patients with a negative test.* In another study, 27%
of patients under bladder carcinoma surveillance
without immediate evidence of tumor recurrence
had a positive UroVysion™ and 65% of these
patients had recurrent urothelial carcinoma within
29 months.®® Recurrent tumors also developed in
45% of patients with abnormal UroVysion™ test
compared to 12.5% of patients with normal assay.**
Furthermore, 85% of patients with atypical cytology
and positive FISH developed a biopsy-proven
urothelial carcinoma within 12 months.*® Finally,
in one study, all patients treated with BCG for
superficial bladder cancer and with positive post-
BCG UroVysion™ test had tumor recurrence and the
risk of progression was ninefold.®> Therefore, the
sensitivity of UroVysion™ does not seem to be
influenced by prior BCG treatment.

Technical problems are rarely critical with
UroVysion™. However, the presence of too many
granulocytes or massive bacteriuria and their
association with epithelial cells can obscure the
signal.®® Furthermore, as for ImmunoCyt/uCyt™ this
test is operator-dependent and time-consuming and
the use of fluorescent may obscure cytologic
features.”®
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Table 1 Advantages and disadvantages of UroVysion™ and
ImmunoCyt/uCyt™

UroVysion™ Immuno

Cyt/uCyt™

Advantages
High sensitivity for high grade tumor
High sensitivity for low grade tumor
Detects occult lesions
Predicts recurrence
Not affected by BCG
FDA-approved
Detects upper tract tumor

MK R KX

XA R R X

Disadvantages
Cytopathologist required
Nonstandard criteria
Time-consuming
Requires fluorescence
Requires 500 cells for negative
Training required

RO RX
HRH AR X

X, Feature shared by the marker.

UroVysion™ vs ImmunoCyt/uCyt™

These latter two tests are most popular among
pathologists because they are microscope based
and are FDA approved. They also share a number
of advantages and disadvantages that are outlines in
Table 1.

Many studies confirm that most biomarkers sig-
nificantly improve the sensitivity of cytology. A test
with both high sensitivity and negative predictive
value may help to reduce the frequency of follow-up
cystoscopies. Tests with sensitivities around 90%
and a negative predictive value around 95% means
that, if the test is negative, patients undergoing a
standard cystoscopy protocol for a history of bladder
cancer are unlikely to have recurrent bladder tumor
and that the next control cystoscopy may be safely
postponed. In a recent study, from the patient
perspective, 75% would accept the results of a
urine test as a replacement for cystoscopy only if it
was capable of detecting more than 95% of recurrent
tumor and 21% more would accept if the test is
90-95% accurate.®® In younger patients investigated
for urinary symptoms, presence of a bladder tumor
is unlikely with a negative test and cystoscopy
might be omitted in certain cases.

For example, in low-risk patients, for whom a lower
recurrence and progression rate is expected,®* Immuno-
Cyt/uCyt™ and cytology every 6 months combined
with annual cystoscopy helped to reduce morbidity
and cost of follow-up with minimal risk of missing
progression.”® Flow charts incorporating ImmunoCyt/
uCyt™ and UroVysion™ as parameters to better define
the indications to cystoscopy have been developed.**
The test was found particularly sensitive and specific
in patients with asymptomatic microhematuria and, if
such criteria would have been applied to select patients
for cystoscopy, 9% of individuals only would have had
an unnecessary procedure.®®



Similarly, no patients with a negative UroVysion™
test and negative cystoscopy, monitored for urothe-
lial tumor, developed a tumor within 1 year of
follow-up.** Only two patients developed a recur-
rence, 20 and 22 months later.’* Therefore, it is
suggested by the authors that, in low-risk patients
with negative cytology and UroVysion™ cystoscopy
may be postponed by at least 1 year.

Reactive urothelial cells show mild abnormalities
that are shared by low-grade neoplastic cells and
require considerable screening time from patholo-
gists and cytologists.” The presence of significant
abnormalities warrants a diagnosis of atypias suspi-
cious for malignancy. Such diagnosis usually may
force the urologist to undertake additional unneces-
sary investigations. The availability of a comple-
ment to cytology for such cases may help to save
professional time to both pathologists and urolo-
gists.

Of 30 cases with tumor and a suspicious cytology,
ImmunoCyt/uCyt™ was positive in 73% of cases.
Those tumors were not insignificant because 41%
were high-grade carcinomas.?® The sensitivity for
UroVysion™ on patients with biopsy-proven urothe-
lial carcinoma and cytology interpreted as suspi-
cious, atypical and negative was 100, 89 and 60%,
respectively.>®

In conclusion, several new tests have been
developed to improve the sensitivity of cytology.
Of them, cell-based tests are particularly attractive
for pathologists because they allow cell visuali-
zation. ImmunoCyt/uCyt™ and UroVysion™ are
currently the most common commercial markers
used in a clinical setting and share a number of
common characteristics. Future studies should
evaluate the influence of those markers on the
frequency of follow-up cystoscopies.
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