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Bladder cancer is a common malignancy in the United States. Although urine
cytology is a useful adjunct in both diagnosis and follow-up and is highly
sensitive for detecting high-grade tumors, it is limited by decreased sensitivity
in detecting low-grade tumors, which constitute the majority of new diag-
noses. Additional screening tests with high sensitivity and specificity for
urothelial tumors of all grades are indicated to help improve the diagnostic
ability of urine cytology as well as to reduce the need for frequent cystos-
copies, especially in those with low-risk disease. Several assays have been
developed, with the ImmunoCyt/uCyt+ test (DiagnoCure, Inc., Québec,
Canada) being especially promising. Recent studies on the applicability and
efficacy of ImmunoCyt/uCyt+ testing are reviewed, as are its sensitivity,
specificity, and predictive value in the follow-up and screening of urothelial
malignancies.
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61,420 cases and 13,060 deaths predicted for 2006 in the United States.'
Patients treated for urothelial carcinoma require rigorous follow-up, with
cystoscopy recommended every 3 months for the first 2 years, every 6 months
for the next 2 years, and annually thereafter.? This translates into high health care
costs as well as frequent discomfort and inconvenience for patients.’> Although

B ladder cancer is a common malignancy in American men and women, with
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urine cytology is a useful adjunct in
both diagnosis and follow-up and is
highly sensitive for detecting high-
grade tumors (79%), it is limited by
decreased sensitivity (26%) in detect-
ing low-grade tumors, which make up
the majority of new diagnoses.* A re-
cent literature review found that the
sensitivity of cytology is from 20% to
530, with a mean of 349%; specificity
is from 839% to 99.7%, with a mean of
99%.* Additional screening tests with
high sensitivity for tumors of all
grades are indicated to help improve
the diagnostic ability of urine cytol-
ogy and to perhaps reduce the need
for frequent cystoscopies, especially
in those with low-risk disease. Several
assays have been developed to ad-
dress this need, with the ImmunoCyt/
uCyt+ test (DiagnoCure, Inc., Québec,
Canada) being especially promising.
This article will review recent studies
on the applicability and efficacy of
ImmunoCyt/uCyt+ testing, as well as
its sensitivity, specificity, and predic-
tive value in the follow-up and
screening of urothelial malignancies.

The ImmunoCyt/uCyt+ Test

ImmunoCyt/uCyt+ is an immunocy-
tochemical test developed by Fradet
and Lockhard in 1997. It uses fluores-
cent-labeled antibodies to 3 markers
that are commonly found on malig-
nant exfoliated urothelial cells.” One
antibody is directed against a high-
molecular-weight form of glycosy-
lated carcinoembryonic antigen,
19A211°° and is labeled red. The other
two antibodies, LDQ10 and M344,’
are directed against mucins, which are
cytoplasmic antigens specific for
bladder cancer and are labeled with
fluorescein. Mucins are normally
occurring, high-molecular-weight
glycoproteins found on epithelial cell
surfaces. In the case of urothelial
malignancy, these glycoproteins are
not as heavily glycosylated, thereby
exposing a portion of the protein

backbone. The antibodies LDQ10 and
M344 are directed against new glyco-
sylated epitopes.®® The tumor speci-
ficity of these antigens has been veri-
fied, with M344 expression being
present in 719% of Ta-T1 tumors and
19A211 high-molecular-weight carci-
noembryonic antigen expression
found in 90% of Ta-T1 tumors.”” Red
and green fluorescence is evaluated
and quantified using a fluorescence
microscope with a dual filter for fluo-
rescein (the green marker) and Texas
Red (the red marker). Examples are
shown in Figures 1 and 2. A sample
result is considered positive if at least
1 cell is seen to fluoresce green or
red.® A negative test result shows no
fluorescence. An example of a nega-
tive test result is shown in Figure 3.
The test is intended to be used on
voided urine specimens in conjunc-

Figure 1. Positive Immunocyt/uCyt+ test result
demonstrating green fluorescence.

Figure 2. Positive Immunocyt/uCyt+ test
result demonstrating red fluorescence.

tion with cytologic analysis and in-
creases overall sensitivity for all
grades of tumor while maintaining
the high specificity of conventional
cytology.

One constraint is that at least 500
cells without fluorescent signal must
be observed on the slide before the
sample can be called negative. Diffi-
culty detecting low levels of green
fluorescence and interference due to
the red background have also been re-
ported. These technical limitations
suggest the need for proper training
in performing the test and a learning
curve with the assay. A study by
Vriesema and colleagues on the repro-
ducibility of the ImmunoCyt/uCyt+
test found high interobserver variabil-
ity, with k values between 0.05 and
0.45.% A « score of 1.0 indicates perfect
agreement, whereas a k less than 0.4

VOL. 8 NO. 4 2006 REVIEWS IN UROLOGY 191
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represents poor agreement.>" In a US
multicenter study, Messing and col-
leagues'” found that 100% concor-
dance could be achieved among
pathologists through interobserver
training and appropriate instruction
in interpreting the assay. This study
confirms the importance of adequate
training and expertise among the cy-
totechnologists and cytopathologists
who interpret the test. The use of
proper equipment (eg, filters, mercury
lamps), adequate slide preparation,
and the use of positive and negative
references with the assay are also im-
portant. The assay takes approxi-
mately 2 hours to complete from
specimen filtration to slide prepara-
tion."? Because this test must be inter-
preted by experienced cytopatholo-
gists in conjunction with urine
cytology, the test cannot be used on
site in the clinic, which is an option
with some of the protein-based tests.

ImmunoCyt/uCyt+ in Follow-Up
of Bladder Cancer

The use of the ImmunoCyt/uCyt+
test to detect recurrence of bladder
cancer during surveillance has been
well documented. The largest pub-
lished study was by Mian and col-
leagues in 2006,'* in which 942 pa-
tients with a history of transitional
cell carcinoma (TCC) of the bladder
were enrolled. This study found that
ImmunoCyt/uCyt+ had an increased
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Figure 3. A negative Immunocyt/uCyt+ test
result.

sensitivity for low-grade tumors (G1),
with the sensitivity being 8.3% for cy-
tology alone compared with 79.3% for
the combination of ImmunoCyt/uCyt+
and cytology. Sensitivity was improved
for high-grade (G3) tumors as well,
with a sensitivity of 75.3% for cytol-
ogy alone and 98.9% for the combi-
nation of cytology and ImmunoCyt/
uCyt+. Another multicenter study
enrolled 694 patients: 458 were fol-
lowed for TCC, and the remainder
were new patients referred for suspi-
cion of malignancy."” Again, the
addition of ImmunoCyt/uCyt+ to cy-
tology improved sensitivity for low-

rence. They concluded that the
improved sensitivity of the Immuno-
Cyt/uCyt+ test, especially in low-
grade and low-stage tumors, may
allow for a decrease in the frequency
of follow-up cystoscopy for patients
with negative cytology and Immuno-
Cyt/uCyt+ examinations.

ImmunoCyt/uCyt+ in New
Cases of Bladder Cancer
Several studies have examined the ef-
ficacy of ImmunoCyt/uCyt+ in pa-
tients who are newly referred to a
urologist for evaluation of bladder
cancer. Pfister and colleagues'
specifically examined the ability of
ImmunoCyt/uCyt+ with and without
cytology to screen for TCC in 236 new
patients referred for suspicion of ma-
lignancy. Sensitivity for low-grade
and low-stage tumors improved from
45.4% to 72.7% in these patients. This
was comparable to the sensitivity of
the test observed in patients with a
history of TCC.'>1®

Mian and colleagues'’ reported a
decreased positive predictive value
with combined ImmunoCyt/uCyt+
and cytology in 107 new patients

The ImmunoCyt/uCyt+ assay takes approximately 2 hours to complete from

specimen filtration to slide preparation.

grade (G1) tumors (from 17.9% to
66.7%) as well as for high-grade
(G3) tumors (from 63.8% to 87%).
Although the sensitivity of urinary
cytology varied between the 10 study
sites (27.3% to 689%), the combined
sensitivity of ImmunoCyt/uCyt+ and
cytology was higher, ranging from
57.1% to 90%. Messing and col-
leagues'? studied 341 patients with a
history of TCC and confirmed these
results, showing an increase in sensi-
tivity for all grades and stages of
tumor, including carcinoma in situ,
when ImmunoCyt/uCyt+ was used
with cytology for detection of recur-
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being evaluated for TCC, 93% to 55%;
a negative predictive value of 90% in
cytology; and 99% with the combined
assay.'” The high negative predictive
value suggests that the combination
of tests is very reliable for ruling out
the presence of bladder cancer,
whereas the lower positive predictive
value may indicate some false-
positive test results. Lodde and col-
leagues" confirmed these findings in
98 patients undergoing an initial
evaluation for TCC. Again, sensitivity
for all grades and stages of tumor was
improved with the addition of the
ImmunoCyt/uCyt+ assay to cytology
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alone. Sensitivity for G1 tumors in-
creased from 5% to 85% and for pTa
tumors from 13.8% to 86.2%. These
values were similar to the results of
the combination of tests observed in
patients being followed for TCC."
Furthermore, Lodde and colleagues'
studied 37 new patients being evalu-
ated for upper tract TCC with Im-
munoCyt/uCyt+ and cytology and
found that the combination of tests
improved sensitivity for all grades
and stages of tumor, with 100% sen-
sitivity compared with cytology
alone. These data support the use of
ImmunoCyt/uCyt+ and cytology in
patients newly referred for suspicion
of TCC of the upper or lower urinary
tract.

Sensitivity, Specificity,

and Predictive Value

Tables 1 through 4 detail the sensitiv-
ity, specificity, and positive and nega-
tive predictive values of ImmunoCyt/
uCyt+ from 14 recent studies. In
these studies, ImmunoCyt/uCyt+ was
used in both follow-up for recurrent
TCC and in new patients referred for
evaluation of possible urothelial car-
cinoma. All cases were verified by cy-
tology and cystoscopy. Patients were
observed for lower and upper tract
disease, and ImmunoCyt/uCyt+ per-
formed very well regardless of loca-
tion of urothelial tumor in 12 of 14
studies. In general, sensitivity ranged
from 38.5% to 92.1% across all grades
and risk categories of tumors. In al-

most all studies, ImmunoCyt/uCyt+
was more sensitive than standard
voided cytology, with sensitivities
from 23% to 84.6%. When the tests
are used together, sensitivity improves
a minimum of 15% over cytology
alone, with a range in sensitivity be-
tween 53.8% and 94.1%. Specificity
for ImmunoCyt/uCyt+ is inferior to
cytology, with a range of 629 to
84.2% compared with 79.7% to 99.4%
for cytology. When the tests are used
in conjunction, overall specificity is
slightly lower than that of cytology
alone, with a range of 61% to 80.7%.
ImmunoCyt/uCyt+ has a Dbetter
negative predictive value than cyto-
logy (81% to 96.2% vs 86.4% to
89.7%) but a generally worse positive

Table 1

Sensitivity of Urine Cytology, InmunoCyt/uCyt+, and the Combination in Bladder Tumors of Various Grades

Cyto uCyt+ Cyto uCyt+ Cyto uCyt+

Study Cyto uCyt+ Combo G1/Low G1 G2/Inter G2 G3/High G3
Lodde M et al 2001" 50 75 87 0 33 17 100 100 71
Piaton E et al 2003'®

New 71.2 86.4 30 40 70.6 88.2 83.3 76.7

Follow-up 55.2 79.3 38.1 61.9 58.3 66.7 64.1 76.9
Lodde M et al 2006°° 86.6 16.6 86.6 46.5 81.4 85.7 85.7
Mian C et al 2003°! 45 86.2 90 6.4 80.6 458 87.5 92 92
Lodde M et al 2003"

New 43.1 92.1 94.1 5 85 100 84.6 92.3

Follow-up 39.2 82.3 86.2
Feil G et al 2003* 34.6 38.5 53.8 14.3 14.3 42.9 35.7 60 60
Vriesema JL et al 20018 50
Mian C et al 1999"7 46.8 86.1 89.8 4 84 52 84 79.3 89.6
Mian C et al 2006'* 38.9 84.9 89.3 8.3 79.3 433 84.1 75.3 92.1
Pfister C et al 2003 48.9 66.7 75.9 17.9 60.7 46.3 75.6 63.8 76.8
Toma MI et al 2004’ 84.6 78.3 89.1 85.7 85.7 87.0 73.9 75 83.3
Messing EM et al 2005 23 81 81
Tetu B et al 2005'® 29 74 84
Hautmann S et al 2004°* 73 63.3

Values are percentages. Cyto, cytology; uCyt+, ImmunoCyt/uCyt+; Combo, cytology + ImmunoCyt/uCyt+; G1, grade 1; Low, low risk; G2, grade 2;
Inter, intermediate risk; G3, grade 3; High, high risk.
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Table 2
Specificity of Urine Cytology, ImmunoCyt/uCyt+, and the Combination in Bladder Tumors of Various Grades

Study Cyto uCyt+ Combo Cyto Gl uCyt+ G1 Cyto G2 uCyt+ G2 Cyto G3 uCyt+ G3
Piaton E et al 2003'°
New 83.3 83.3
Follow-up 86.2 81.9
Lodde M et al 2006°° 99 79.4 83.3 76.5 92 78
Mian C et al 2003*! 94 71.3  65.6
Lodde M et al 2003"
New 95 75 75
Follow-up 93.9 63.8 62.6
Feil G et al 2003°? 91.9 83.9 81.6
Vriesema JL et al 20018 73
Mian C et al 1999" 98.2 79.4  79.4
Mian C et al 2006 99.4 725 725
Pfister C et al 2003" 94.5 84.2  80.7
Toma MI et al 2004 80 73.8 725
Messing EM et al 2005'> 93 75 73
Tetu B et al 2005'® 98 62 61

Hautmann S et al 2004**  79.7 75

Values are percentages. Cyto, cytology; uCyt+, ImmunoCyt/uCyt+; Combo, cytology + ImmunoCyt/uCyt+; G1, grade 1; G2, grade 2; G3, grade 3.

Table 3
Negative Predictive Value of Urine Cytology, ImmunoCyt/uCyt+, and the Combination
in Bladder Tumors of Various Grades

Cyto uCyt+ Cyto uCyt+ Cyto uCyt+
Cyto  uCyt+ Combo  Low/G1 Low/G1 Inter/G2 Inter/G2 High/G3  High/G3

Mian C et al 2006 89.7 96.2 97.3
Pfister C et al 2003 87.0 91.4 93.2
Toma MI et al 2004% 88 85.5 92.1
Tetu B et al 2005'® 88 93 95
Hautmann S et al 2004**  86.4 81.3
Vriesema JL et al 2001° 81
Lodde M et al 2006°° 95.2 80.1 95.2 80.1 88.6 92 90.6
Mian C et al 2003 90
Lodde M et al 2003"

New 90.1

Follow-up 91.6
Messing EM et al 2005 95

Values are percentages. Cyto, cytology; uCyt+, ImmunoCyt/uCyt+; Combo, cytology + ImmunoCyt/uCyt+; Low, low risk; G1, grade 1; Inter,
intermediate risk; G2, grade 2; High, high risk; G3, grade 3.
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Table 4
Positive Predictive Value of Urine Cytology, ImmunoCyt/uCyt+,
and the Combination in Bladder Tumors of Various Grades

Cyto uCyt+ Combination

Mian C et al 2006'* 92.1 36.7 37.9
Toma MI et al 2004°° 75 63.2 65.1
Tetu B et al 2005 70 26 29
Hautmann S et al 2004°* 62.9 54.3
Mian C et al 2003°! 69.2
Lodde M et al 2003"

New 82.7

Follow-up 53.6
Messing EM et al 2005 37
Vriesema JL et al 2001% 39

Values are percentages. Cyto, cytology; uCyt+, ImmunoCyt/uCyt+.

predictive value (26% to 63.2% Vs
62.99% to 92.1%). This suggests that
the ImmunoCyt/uCyt+ test has fewer
false-negative results but more false-
positive results than cytology alone.
When used together, negative predic-
tive value is superior to cytology
alone, with a range of 90% to 97.3%.
Positive predictive value is still infe-
rior to cytology alone, however, but
better than ImmunoCyt/uCyt+ alone,
with a range of 29% to 82.7%.

It is clear, based on these per-
formance characteristics, that the
ImmunoCyt/uCyt+ test can signifi-
cantly improve the overall sensitivity
of cytology alone for all grades of
bladder tumor, and that it is best used
to supplement cytology to exploit the
enhanced specificity and positive pre-
dictive values yielded by the combi-
nation of tests. The hope is that the
combination of high sensitivity with
moderate specificity will allow some
patients to prolong the interval be-
tween cystoscopies, especially those
with low-grade and low-stage bladder
tumors."®

The lower specificity seen with the
ImmunoCyt/uCyt+ test approximates

that of other urinary antigen-based
diagnostic tests, such as the BTA
TRAK and STAT tests (Polymedco,
Inc., Cortlandt Manor, NY) and
NMP22 (Matritech, Inc., Newton,
MA). As in the case of the protein-
based tests, this may be due to false-
positive results generated in the set-
ting of urinary tract infection, urinary
lithiasis, and benign prostatic hyper-
plasia. Another explanation is that
the false-positive results generated by
the ImmunoCyt/uCyt+ test are actu-
ally an early detection of recurrence
not yet clinically evident by cytology
or cystoscopy, and that patients with
a positive ImmunoCyt/uCyt+ test re-
sult in the absence of confirmatory
cytology and cystoscopy are at higher
risk for recurrence.'*'®'® These claims
need further substantiation, however,
before a seemingly false-positive
ImmunoCyt/uCyt+ test result can be
considered predictive of recurrence.

Comparison With Other Tests

Four additional urine-based diagnostic
tests for recurrent bladder cancer are
commercially available in the United
States: the UroVysion fluorescence in

situ hybridization assay (Vysis, Inc.,
Des Plaines, IL), BTA STAT, BTA
TRAK, and NMP22. The UroVysion
fluorescence in situ hybridization
assay detects deletion of the 9p21
chromosomal region as well as am-
plification of chromosomes 3, 7, and
17. The sensitivity of the UroVysion
assay has been reported at 369% to
95%; specificity, 89% to 96%.'>"
The BTA STAT and TRAK tests use
monoclonal antibodies to detect
complement factor H-related protein
in voided urine. Sensitivity ranges
between 58% and 72% and speci-
ficity between 48% and 75%.'%2°%
The NMP22 test uses a sandwich en-
zyme-linked immunosorbent assay
with 2 monoclonal antibodies against
the nuclear mitotic apparatus protein
in urine and has reported sensitivity
between 47% and 81% and specificity
between 64.3% and 93.3%.°°% A
comparison between the sensitivity
and specificity of these tests and
ImmunoCyt/uCyt+ 1is provided in
Table 5. In general, the combination
ImmunoCyt/uCyt+ and cytology has
similar specificity to the other com-
mercially available tests but is more
sensitive, especially for detection of

Table 5
Comparison of Urinary Cancer
Marker Assays

Test Sensitivity Specificity
BTA STAT**?*  58-82.8 68-72
BTA TRAK?*??*  66-72 48-75
NMP22%¢% 47-81 67-93
UroVysion 36-85 89-96
FISH'® 2

ImmunocCyt/  53.8-94.1 62-84.2
uCyt+ and

Cytology

Combination

Values are percentages. FISH, fluorescence in
situ hybridization.
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low-grade/low-stage tumors. These
performance characteristics make it
appealing when combined with cy-
tology to help prolong the interval
between cystoscopies in patients fol-
lowed for bladder cancer. It is also an
attractive screening tool for patients
referred with suspicion of bladder
cancer, although no test to date can
replace the gold standard of cys-
toscopy and cytology.

In summary, ImmunoCyt/uCyt+ is
an extensively tested assay with the
ability to improve results obtained
with cytology alone in the follow-up
of patients with TCC of the bladder
and upper urinary tract, especially in
those patients with low-grade disease,
which represents a large proportion of
the patients being monitored for blad-
der cancer recurrence. [ ]
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