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ABSTRACT

Purpose: The limitation of current urinary tumor markers is the low specificity and positive
predictive value, which clinically manifests as a high false-positive rate. We analyzed the
false-positive data of 2 urinary tumor markers, NMP22 and the BTA stat tests. We examined the
clinical categories of the false-positive results, established relative exclusion criteria, and recal-
culated the specificity and positive predictive value after using the exclusion criteria.

Materials and Methods: A total of 278 symptomatic patients who presented to a urology clinic
were asked to submit a single voided urine sample. Each sample was divided into 3 aliquots of
which 1 was stabilized with the NMP22 test kit stabilizer and assayed for NMP22, 1 was tested
for BTA stat and 1 was sent for cytological examination. All patients subsequently underwent
office cystoscopy and bladder biopsy if indicated.

Results: Of the 278 symptomatic patients 112 presented with microscopic hematuria, 77 gross
hematuria and 89 chronic symptoms of urinary frequency or dysuria. Of 34 cases (12%) of
histologically confirmed bladder cancer NMP22 detected 28 (82.4%), BTA stat 23 (67.7%) and
cytology only 10 (29.4%). When atypical cytologies were considered positive, cytology then
detected 19 cases (55.9%). Elevated NMP22 values were positive in 28 cases and false-positive in
44 for a specificity of 82% and a positive predictive value of 38.9%. Similarly, BTA stat test was
positive in 23 cases and false-positive in 43 for a specificity of 82.4% and a positive predictive
value of 34.9%. When atypical cytologies were considered positive, the specificity and positive
predictive value were 93% and 55.9%. Greater than 80% of the false-positive results were
clinically categorized as benign inflammatory or infectious conditions, renal or bladder calculi,
recent history of a foreign body in the urinary tract, bowel interposition segment, another
genitourinary cancer or an instrumented urinary sample. A category of “no known pathology”
was included in analysis as a control. History of ureteral stents or any bowel interposition
segment had a 100% false-positive rate. Exclusion of all 6 clinical categories improved the
specificity and positive predictive value of NMP22 (95.6%, 87.5%) and BTA stat (91.5%, 69.7%),
and was similar to urinary cytology.

Conclusions: Awareness and exclusion of the categories of false-positive results can increase
the specificity and enhance the clinical usefulness of NMP22 and BTA stat tests. Similarly,
treating an atypical cytology as positive can enhance the sensitivity and usefulness of urinary
cytology.
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The early diagnosis of bladder cancer allows for effective
local treatment and optimizes the success of surgical ther-
apy. When detected early most patients with superficial blad-
der cancer can be treated without the need for more aggres-
sive surgical therapies. Currently, there are no accurate
noninvasive methods to identify early bladder cancer.
Screening for bladder cancer in patients who present to the
urology clinic with symptoms of microscopic or gross hema-
turia, or other irritative voiding symptoms is currently done
with urinalysis, urinary cytology and office cystoscopy. Gross
or microscopic hematuria is the most common presenting

symptom of bladder cancer but it is a nonspecific finding with
an extensive differential diagnosis.1, 2

Urine cytology is used in conjunction with cystoscopy to
determine the cause of hematuria. Unfortunately, the sensi-
tivity of voided urine cytology is on average less than 50%
and as low as 30% in low stage, low grade disease.3–5 Con-
versely, the specificity of office cystoscopy is less than 10% in
the evaluation of patients with microscopic hematuria.2 The
potential development of a highly sensitive urinary test for
the detection of transitional cell carcinoma of the bladder
could have an impact on our ability to screen effectively
symptomatic patients at risk for bladder cancer.

The BTA stat test is a rapid, single step immunochromato-
graphic assay for the detection of bladder tumor associated
antigen in voided urine. The NMP22 test was introduced
recently for the detection of occult or rapidly recurring dis-
ease. NMP22 is a sandwich enzyme immunoassay that is
performed on stabilized voided urine. A previous study from
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our laboratory demonstrated that NMP22 had a sensitivity of
100% in the early detection of bladder cancer but had a low
specificity of 86% and a positive predictive value of only
29%.6 Similar to microscopic hematuria, the low positive
predictive value of the urinary tumor markers is manifest as
a high false-positive rate which leads to confusion and un-
necessary cystoscopy. We examined the clinical categories of
false-positive results and low positive predictive values, es-
tablished relative exclusion criteria and recalculated the
specificity and positive predictive value of these tests using
the exclusion criteria.

MATERIALS AND METHODS

Patients. A total of 278 symptomatic patients presented to
the urology clinic with microscopic (112) or gross (77) hema-
turia, or chronic irritative voiding symptoms (89). There were
199 incident (early detection) and 79 prevalent (known) blad-
der cancer cases. Demographic information included age, sex,
history of bladder cancer or any other genitourinary cancers,
history of any infectious urinary tract conditions, stone dis-
ease or presence of foreign body (ureteral stents and nephros-
tomy tubes). Each patient submitted a single voided urine
sample, which was divided into 3 aliquots. The urine samples
were frozen for NMP22 while waiting for other samples to
run the assay. Aliquot 1 was stabilized with NMP22 test kit
stabilizer and assayed for NMP22, aliquot 2 was used for
BTA stat testing and aliquot 3 was sent for cytology exami-
nation. This study was approved by our Institutional Review
Board, and the NMP22 and BTA stat kits were supplied by
the manufacturers. Each patient underwent office cystoscopy
and if cancer was suspected, bladder biopsy was performed.
All reported bladder cancers were histologically confirmed.

NMP22 assay. NMP22 calibrators, controls and patient
urine samples were reacted with an antibody coated on 96
well microplate. After washing, the captured NMP22 antigen
was reacted with a second antibody labeled with digoxigenin.
After washing, the digoxigenin labeled antibody was detected
with an anti-digoxigenin antibody coupled to horseradish
peroxidase using O-phenylenediamine substrate. The reac-
tion was terminated by the addition of 2 m. sulfuric acid. A
standard curve derived by concurrent testing of the NMP22
calibrators (range in concentration from 0 to 120 U./mL.) was
used to determine the concentration of the antigen in the
urine.1 NMP22 values of 10 U./ml. or greater were considered
positive for incident cases, whereas 6 U./ml. or greater were
considered positive for prevalent cases, respectively. The cut-
off value of 10 U./ml. for incident cases was determined to be
optimal by receiver operating characteristics (ROC) analysis
performed in a previous study (see figure).6 For recurrent or
prevalent cases the reported cutoff of 6.4 U./ml. had been
suggested previously.1, 7, 8

BTA stat test assay. The BTA stat test is a qualitative
immunoassay which is performed by placing 5 drops of urine
into the sample well of a disposable test device. In the pres-
ence of a bladder tumor associated antigen, an antigen con-
jugate complex is formed that creates a visible line in the test
zone. No visible line is seen in the absence of the antigen. A
bold visible line indicates a positive test result. The control
zone of the device contains an immobilized reagent that cap-
tures the conjugated antibody and forms a visible line
whether bladder tumor associated antigen is present or not.
Formation of this line in the control zone indicates that the
device has functioned properly. The results are read 5 min-
utes after placement of urine into the well and recorded as
positive or negative.

Sensitivity, specificity, and positive and negative predictive
values were calculated for the diagnostic tests. Sensitivity and
specificity between tests were compared with McNemar’s test,
and predictive value rates were compared with Fisher’s exact
tests. All calculations were performed with computer software.

RESULTS

Of the 278 cases evaluated 34 (12%) had histologically
confirmed bladder cancer which was detected by NMP22 in
28 (82.4%) and by BTA stat in 23 (67.7%, table 1). Urinary
cytology was positive in only 10 of the 34 cancers (29.4%),
atypical in 9 and negative in 15. If atypical cytologies were
treated as positive, cytology then detected 19 cancers
(55.9%), which was similar to the BTA stat test result. Of 72
patients with elevated NMP22 values cancers were detected
in 28 and results were false-positive in 44 for a specificity of
82% and positive predictive value of 38.9%. Similarly, of 66
patients with a positive BTA stat test cancers were detected
in 23 and results were false-positive in 43 for a specificity of
82.4% and a positive predictive value of 34.9%. In contrast,
urinary cytology alone had a specificity and positive predic-
tive value of 99.6 and 90.9%. When combined with atypical
cytology, the specificity and positive predictive value de-
creased to 93 and 55.9%.

Of the 34 cancers detected 28 were from prevalent cancers
and 6 were incident or screening cancers. NMP22 and BTA
stat detected 4 of the 6 incident cancers for a sensitivity of
66.7% (table 2). The 2 missed cancers in the incident group
were solitary Ta grade I/II tumors which also were undetec-
ted by the NMP22 and BTA stat. In comparison, urinary
cytology detected only 1 of the 6 incident cancers (16.7%) and
the combination of atypical cytology detected 2 (33.3%, table
2). A comparison of the specificity and positive predictive
value between NMP22 and BTA stat showed similar results
with a specificity of 86 and 82.4% (p 5 0.20), and positive
predictive value of 12.9 and 10.5% (p 5 1.00), respectively. In
contrast, urinary cytology alone had a specificity and positive
predictive value of 100% but when combined with atypical
cytology the specificity and positive predictive value de-
creased to 95.9 and 20%, respectively (table 2).

In the 28 prevalent cases sensitivity of NMP22 was supe-

ROC curve to determine NMP22 reference value for optimal sen-
sitivity and specificity for detecting transitional cell carcinoma in
incident cases. Inflection points are near 6.0 and 10.0 U./mL.

TABLE 1. Sensitivity and specificity estimation of NMP22, BTA stat
and voided urine cytology

Benign
Conditions Malignancy

No. pts. 244 34
NMP22 greater than 10.0 U./ml. 44 28
BTA stat:

Pos. 43 23
Neg. 201 11

Cytology:
Pos. 1 10
Neg. 227 15
Atypical 16 9
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rior to BTA stat (85.7 versus 67.8%, p 5 0.02), to urinary
cytology alone (32.1%) and to the combination of atypical and
positive cytology (60.7%). A comparison of the specificity
(66.7 versus 82.4%, p 5 0.03) and positive predictive value
(58.5 versus 67.8%, p 5 0.46) of NMP22 and BTA stat showed
similar results (table 2). In contrast, urinary cytology alone
and combined with atypical cytology had excellent specificity
(98.0 versus 82.4%) and positive predictive value (90.0 versus
65.4%, table 2). There was 1 false-positive cytology result in
the prevalent group. Undoubtedly, this patient has recurrent
transitional cell carcinoma but our random biopsies failed to
show any carcinoma in situ.

We analyzed the false-positive data of the NMP22 and the
BTA stat test results and observed that greater than 80%
could be grouped into 6 main clinical categories of benign
inflammatory or infectious conditions (cystitis, recurrent uri-
nary tract infections, prostatitis), presence of renal or blad-
der calculi, current or recent history of a foreign body in the
urinary tract (stents, nephrostomy tubes), any bowel inter-
position segment (ileal conduits, continent diversions), other
genitourinary cancers (prostate, renal cell) and instrumented
urinary sample (table 3). A “no known pathology” category
was included as a control. Mean NMP22 values of all 6
exclusion categories were at least 3 times higher than the
false-positive control group (20.1 U./mL.). Presence of a for-
eign body or any bowel interposition segment resulted in a
false-positive rate of 100% for NMP22 and BTA stat. Exclu-
sion of these 6 categories improved the specificity and posi-
tive predictive value of NMP22 to 95.6 and 87.5%, and BTA

stat to 91.5% and 69.7%, respectively, which were similar to
urinary cytology values (table 4). There was no difference in
the false-positive rates between the 2 tests in any of the
exclusion categories.

DISCUSSION

The early detection of bladder cancer in patients at risk for
newly diagnosed or recurrent cancers may significantly im-
pact the options and effectiveness of local therapies. The
greatest challenge in the management of superficial bladder
cancer is to diagnose cancers before progression to invasive
disease. In screening a symptomatic population the sensitiv-
ity of urinary cytology is too low (30 to 50%) to detect opti-
mally bladder cancer at its earliest presentation.3–5 Con-
versely, a positive urinalysis with microscopic or gross
hematuria lacks the specificity to screen patients at risk and
lends itself to many unnecessary, cost-ineffective cystosco-
pies.2 While cystoscopy remains the gold standard for early
detection of bladder cancer with a sensitivity of greater than
90%, its limitation is the low specificity and positive predic-
tive value when used to evaluate microscopic hematuria or
chronic irritative voiding symptoms. The current indications
for screening cystoscopy in a urological practice has a bladder
detection yield of less than 10%.2 While recent reports on the
new urinary tumor markers show markedly improved sensi-
tivity versus urinary cytology, the limitation of these mark-
ers (like microscopic hematuria) is the low specificity which
clinically manifests as a high false-positive rate. Our study
examined the clinical categories of the false-positive results,
calculated the false-positive rate in each category and estab-
lished relative exclusion criteria. The clinical use of these
exclusion criteria significantly improved the specificity of
NMP22 to 95.6% and BTA stat to 91.5%, which are similar to
urinary cytology values.

We investigated NMP22 and the Bard BTA stat in 2 dif-
ferent symptomatic patient populations. In the 199 incident
(early detection) cases the incidence of bladder cancer was 6
(3%) with the NMP22 and Bard BTA stat detecting 4 of the 6
cancers. Previously we had a screening detection rate of 9%
and established a cutoff value of greater than 10 U./mL. for
NMP22 in the incident group.6 This cutoff value was deter-
mined with a ROC curve which showed an equivalent sensi-
tivity using 10 versus 6 U./mL. (see figure).6 If the NMP22
cutoff value was lowered to 6.4 U./mL. as suggested by others
for patients with known or recurrent bladder cancer, then all
6 cancers would have been detected.7, 8 However, the ROC
curve generated from our previous study for a screening or
early detection population demonstrated that lowering the
cutoff value to 6.0 or 6.4 U./mL. would only reduce the spec-
ificity with no improvement in the sensitivity. However, a
cutoff value of 6.4 U./mL. for NMP22 may be reasonable in a
screening population when more rigid criteria are used for

TABLE 2. Sensitivity and specificity of NMP22, BTA stat, positive
cytology alone, and atypical and positive cytology combined

%
Sensitivity

%
Specificity

% Pos.
Predictive

Value

% Neg.
Predictive

Value

No. pts. 34 244
NMP22:

Incident 66.7 86.0 12.9 98.8
Prevalent 85.7* 66.7† 58.5 89.5
Overall 82.4 82.0 38.9 97.1

BTA stat:
Incident 66.7 82.4 10.5 98.8
Prevalent 67.8 82.4 67.8 82.4
Overall 67.7 82.4 34.9 94.8

Pos. cytology:
Incident 16.7 100 100‡ 97.5
Prevalent 32.1 98.0 90.0‡ 72.5
Overall 29.4 99.6 90.9‡ 91.0

Atypical 1 pos. cytology:
Incident 33.3 95.9 20.0 95.9
Prevalent 60.7 82.4 65.4 79.3
Overall 55.9 93.0 55.9 93.8
* p ,0.05 versus BTA stat.
† p ,0.03 versus BTA stat.
‡ p ,0.05 versus atypical plus positive cytology.

TABLE 3. Categories of mean, false-positive and true negative NMP22 and BTA stat results

NMP22 BTA Stat

Mean
(U./mL.)

No. False-
Pos. (%)

No. True
Neg. (%)

% False-Pos.
Rate*

No. False-
Pos. (%)

No. True
Neg. (%)

% False-Pos.
Rate*

No. pts. 44 200 43 201
Benign inflammatory conditions

(cystitis, recurrent urinary tract
infections, prostatitis)

27.0 16 (36.3) 47 (23.5) 25.3 11 (25.5) 40 (19.9) 21.5

Renal/bladder calculi 86.9 3 (6.8) 4 (2.0) 42.8 2 (4.6) 4 (1.9) 33.3
Presence or history of foreign body

(stents, nephrostomy tubes)
169.8 2 (4.5) 0 100 2 (4.6) 0 100

Bowel interposition segment (ileal
conduit, continent diversion)

168.7 8 (18.1) 0 100 6 (13.9) 0 100

Other genitourinary cancers
(prostate, renal cell)

61.8 5 (11.3) 54 (27.0) 8.5 9 (20.9) 40 (19.9) 18.4

Instrumentation 64.2 6 (13.6) 9 (4.5) 40.0 3 (6.9) 9 (4.5) 25.0
No known pathology 20.1 4 (9.1) 86 (43.0) 4.4 10 (23.2) 108 (53.7) 8.4

* False-positive/false-positive 1 true negative.
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excluding patients with false-positive results. While these
exclusion criteria will not improve the sensitivity of the test,
they significantly improve the specificity, reducing the fre-
quency of false-positive results and unnecessary cystoscopy.
Presently, urinary tumor markers are only approved by the
Food and Drug Administration to monitor for residual or
recurrent bladder cancer and the approved cutoff value is 10
U./mL. for the NMP22 test.

In the prevalent group the potential impact of using these
new tumor markers is prolongation of interval cystoscopy,
which is currently advised at a 3-month interval. In the 28
prevalent (known) cases urinary cytology detected only 9
(32.1%), whereas NMP22 detected 24 (85.7%) and the BTA
stat detected 19 (67.8%) cancers. Interestingly, if the atypical
cytologies were considered positive, urinary cytology would
have detected 19 of 28 cancers (60.7%), which is comparable
to the BTA stat test (table 2). Stage and grade of the 4
prevalent tumors missed by NMP22 test included Ta grade I
in 3 and flat carcinoma in situ in 1. All 9 cancers detected by
the cytology were detected by NMP22 and BTA stat. Since
the sensitivity of the urinary tumor markers is not 100%,
elimination of interval cystoscopy cannot be advised. How-
ever, better familiarity with these urinary tumor tests and
the fact that they usually miss low grade, low stage cancer
may allow greater comfort in prolonging the interval of sur-
veillance cystoscopy in select patients. Another role of
NMP22 in patients with recurrent disease may be to sched-
ule sedative procedures for those with positive NMP22 val-
ues, when we expect a necessary biopsy, and to reserve flex-
ible cytoscopy for those with negative values.

Analysis of the significance of atypical cytology revealed
improvement in sensitivity primarily in the prevalent
(known) cases of bladder cancer. In the incident (early detec-
tion) group treating an atypical cytology as positive only
increased the sensitivity to 33.3% and reduced the positive
predictive value to 20%, whereas in the prevalent group the
sensitivity increased to 60.7%. Thus, using atypical cytology
to screen symptomatic patients for early detection is only
marginally more sensitive than cytology alone but sensitivity
improves considerably when monitoring for recurrent or re-
sidual bladder cancers. The negative aspect of using atypical
cytology is that it increases the number of false-positive
results, reducing the positive predictive value in the incident
and prevalent populations (table 2). We are continuing to
study the role of atypical cytology in a larger population of
patients.

The role of these new urinary tumor markers remains
controversial. While recent reports describe improved sensi-
tivity of these markers, the clinical problem has been the low
specificity and positive predictive value, which have pro-
duced many false-positive results. While specificity is a stan-
dard statistical measurement that is used to describe screen-
ing tests, the positive predictive value, which inversely
reflects the false-positive rate, correlates better with clinical
practice. When there is a low cancer incidence in a screening
population, it is difficult to show dramatic changes in speci-
ficity due to the large denominator. The positive predictive
value is much more sensitive to changes because it correlates
directly with false-positive results. In this study we at-

tempted to clarify some of the confusion surrounding the high
incidence of false-positive results.

We identified 6 categories of false-positive results that can
be easily identified in any risk population (table 3). Patients
with a recent history or presence of a foreign body (ureteral
stents and nephrostomy tubes), or with any bowel interposi-
tion segment (ileal conduit or continent diversions) have a
100% false-positive rate with mean NMP22 values greater
than 150 U./ml. and should be excluded from study. Those
patients with concurrent renal or bladder calculi or who have
an instrumented urinary sample have a 25 to 43% false-
positive rate with mean NMP22 values ranging from 64.2 to
86.9 and should probably be excluded from study. The more
relative exclusion criteria include benign inflammatory con-
ditions, that is cystitis, recurrent urinary tract infections or
prostatitis, with a 22 to 25% false-positive rate (27 mean
NMP22) and other genitourinary cancer (prostate, renal cell)
with a false-positive rate of 8 to 18% (61.8 mean NMP22).
The validity of these categories of false-positive results can
be seen in the last category in patients with no known pa-
thology who had a false-positive rate of 4 to 8% (20.1 mean
NMP22).

The biological factors that contribute to falsely elevated
values involve any process that produces rapid turnover of
any epithelial cell. The NMP protein is a nonspecific nuclear
matrix protein that is shed with any disease process that
causes rapid cell turnover. Any bowel interposition segment
has a rapid turnover of gastrointestinal cells. Foreign bodies
cause an inflammatory urothelial response and account for
exfoliated cells. Inflammatory conditions, such as cystitis and
prostatitis, similarly cause rapid epithelial cell turnover and
are responsible for an elevated test result. Instrumentation
can cause trauma to the urethral epithelial cells and produce
an elevated NMP22. Similar to our understanding of prostate
specific antigen, an awareness of these clinical conditions can
enhance the clinical usefulness of these new markers. Pa-
tients in these clinical categories should be treated with
urinary cytology alone. These new urinary markers need to
be tested using these exclusion categories in a prospective
study.

In what direction are we headed with these new urinary
markers and can they change the way we practice? At less
than $15, these automated tests are comparable in cost to
urinalysis. With a sensitivity 2 to 3 times that of cytology and
a negative predictive value of greater than 90%, these mark-
ers rarely will miss a bladder cancer. The same can be said
for microscopic hematuria but there is a big difference. Using
exclusion criteria urinary tumor markers become cancer spe-
cific. We have not developed the same exclusion criteria for
microscopic hematuria and, hence, must accept its low posi-
tive predictive value or false-positive rate. Thus, for less than
$15 we can effectively screen all men and women older than
50 years for transitional cell cancer of the bladder or urothe-
lial tract cancer who have any predisposing history, such as
smoking, or any unexplained urinary tract symptoms.

CONCLUSIONS

The clinical usefulness of NMP22 and BTA stat test will
depend on improving the specificity and the low positive
predictive value. While our preliminary study shows excel-
lent sensitivity superior to urinary cytology, we have been
disappointed in the number of false-positive results. We ret-
rospectively analyzed our false-positive results and found 6
relative exclusion criteria. Comparison of these categories
between NMP22 and the BTA stat tests showed nearly iden-
tical results. Exclusion of these categories increased the spec-
ificity and positive predictive value of NMP22 and BTA stat
to values nearly identical to urinary cytology. By using more

TABLE 4. Specificity and positive predictive values of NMP22 and
BTA stat tests after exclusion of false-positive categories

% No Exclusion Criteria % Relative
Exclusion Criteria

Cytology NMP22 BTA stat NMP22 BTA stat

Sensitivity 29.4 82.4 67.7 82.4 67.7
Specificity 99.6 82.0 82.4 95.6 91.5
Pos. predictive value 90.9 38.9 34.9 87.5 69.7
Neg. predictive value 91.0 97.1 94.8 93.5 90.8
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defined exclusion criteria the positive predictive value or
clinical usefulness of these 2 tumor markers can be en-
hanced.

The inclusion of atypical cytology as a positive result im-
proved the overall sensitivity of urinary cytology 2-fold, with
a greater impact seen in prevalent or recurrent bladder can-
cer. The use of atypical cytology in the incident or early
detection cases did not substantially improve the sensitivity
of cytology and produced significantly more false-positive
results. Studies are ongoing of the role of atypical cytology in
the screening of a symptomatic population for early detec-
tion.

Karen Seifath, Andrology Laboratory, provided technical
assistance.

REFERENCES

1. Carpinito, G. A., Stadler, W. M., Briggman, J. V., Chodak, G. W.,
Church, P. A., Lamm, D. L., Lange, P. H., Messing, E. M.,
Pasciak, R. M., Reservitz, G. B., Ross, R. N., Rusktalis, D. B.,
Sarosdy, M. F., Soloway, M. S., Theil, R. P., Vogelzang, N. and
Hayden, C. L.: Urinary nuclear matrix protein as a marker for
transitional cell carcinoma of the urinary tract. J. Urol., 156:
1280, 1996.

2. Akaza, H., Miyanaga, N., Tsukamoto, T., Ishikawa, S., Noguchi,
R., Ohtani, M., Kawabe, K., Kubota, Y., Fujita, K., Obata, K.,
Hirao, Y., Kotake, T., Ohmori, H., Kumazawa, J. and Koiso, K.:
Evaluation of urinary NMP22 (nuclear matrix protein 22) as a

diagnostic marker for urothelial cancer-screening for urothe-
lial cancer in patients with microscopic hematuria. Jap. J.
Cancer Chemother., 24: 837, 1997.

3. Keesee, S. K., Briggman, J. V., Thill, G. and Wu, Y. J.: Utiliza-
tion of nuclear matrix protein for cancer diagnosis. Crit. Rev.
Eukaryotic Gene Express., 6: 189, 1996.

4. Getzenberg, R. H., Konety, B. R., Oeler, T. A., Quigley, M. M.,
Hakam, A., Beich, M. J. and Bahnson, R. R.: Bladder Cancer-
associated Nuclear Matrix Proteins. Cancer Res., 56: 1690, 1996.

5. Sarosdy, M. F., Hudson, M. A., Ellis, W. J., Soloway, M. S., de
Vere White, R., Sheinfeld, J., Jarowenko, M. V.,
Schellhammer, P. F., Schervish, E. W., Patel, J. V., Chodak,
G. W., Lamm, D. L., Johnson, R. D., Henderson, M., Adams,
G., Blumenstein, B. A., Thoelke, K. R., Pfalzgraf, R. D.,
Murchison, H. A. and Brunelle, S. L.: Improved detection of
recurrent bladder cancer using the Bard BTA stat test. Urol-
ogy, 50: 349, 1997.

6. Zippe, C. D., Pandrangi, L. and Agarwal, A.: NMP22 is a sensi-
tive, cost-effective test in patients at risk for bladder cancer.
J. Urol., 161: 62, 1999.

7. Stampfer, D. S., Carpinito, G. A., Rodriguez-Villanueva, J.,
Willsey, L. W., Dinney, C. P., Grossman, H. B., Fritsche, H. A.
and McDougal, W. S.: Evaluation of NMP22 in the detection of
transitional cell carcinoma of the bladder. J. Urol., 159: 394,
1998.

8. Landman, J., Chang, Y., Kavaler, E., Droller, J. M. and Liu,
B. C.: Sensitivity and specificity of NMP22, Telomerase, and
BTA in the detection of human bladder cancer. Urology, 52:
398, 1998.

EXCLUSION CRITERIA FOR BLADDER CANCER SCREENING TESTS 57


