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PRELIMINARY
COMMUNICATION

Detection of Bladder Cancer
Using a Point-of-Care Proteomic Assay
H. Barton Grossman, MD
Edward Messing, MD
Mark Soloway, MD
Kevin Tomera, MD
Giora Katz, MD
Yitzhak Berger, MD
Yu Shen, PhD

BLADDER CANCER IS THE FIFTH

most common malignancy in
the United States.1 Early detec-
tion improves prognosis, treat-

ment options, and quality of life. Al-
though the 5-year survival rate is 95%1

when tumors are detected while they are
confined to the mucosa, up to 25% of
the 60240 bladder tumors predicted to
be diagnosed this year will be detected
after they have become invasive or meta-
static, which lowers 5-year survival to
approximately 48% and 10%, respec-
tively.1 As a result, 13000 people in the
United States will die of bladder cancer
this year.1 The incidence of bladder can-
cer is higher in men, individuals older
than 60 years, and those exposed to car-
cinogens in their occupation or envi-
ronment. Cigarette smoking is the most
common risk factor and doubles the risk
of bladder cancer, accounting for ap-
proximately 50% of the bladder cancer
deaths in men and 30% in women.2

Hematuria and irritative voiding
symptoms are the most common symp-
toms among patients with urinary tract
malignancy. Asymptomatic individu-
als are frequently diagnosed after rou-
tine or screening analysis by their pri-
mary care physicians has demonstrated
hematuria. Hematuria in bladder can-

cer can be intermittent, and its degree
does not correlate with the severity of
underlying disease. Consequently, it is
recommended that patients with he-
maturia undergo an evaluation after
even a single episode.3

A combination of methods is used to
evaluate patients at risk for bladder can-
cer because no single procedure is 100%
sensitive. Flexible cystoscopy is an ex-
cellent tool because it is low risk and
generally can be done in the physi-
cian’s office under local anesthesia.

However, accuracy can be reduced
by poor visualization caused by inflam-
matory conditions or bleeding, and flat

urothelial lesions such as severe dys-
plasias and carcinoma in situ may be
difficult to distinguish from normal
bladder tissue.4,5 For this reason, voided

See also Patient Page.
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Context A combination of methods is used for diagnosis of bladder cancer because
no single procedure detects all malignancies. Urine tests are frequently part of an evalu-
ation, but have either been nonspecific for cancer or required specialized analysis at a
laboratory.

Objective To investigate whether a point-of-care proteomic test that measures the
nuclear matrix protein NMP22 in voided urine could enhance detection of malig-
nancy in patients with risk factors or symptoms of bladder cancer.

Design, Setting, and Patients Twenty-three academic, private practice, and vet-
erans’ facilities in 10 states prospectively enrolled consecutive patients from Septem-
ber 2001 to May 2002. Participants included 1331 patients at elevated risk for blad-
der cancer due to factors such as history of smoking or symptoms including hematuria
and dysuria. Patients at risk for malignancy of the urinary tract provided a voided urine
sample for analysis of NMP22 protein and cytology prior to cystoscopy.

Main Outcome Measures The diagnosis of bladder cancer, based on cystoscopy
with biopsy, was accepted as the reference standard. The performance of the NMP22
test was compared with voided urine cytology as an aid to cancer detection. Testing
for the NMP22 tumor marker was conducted in a blinded manner.

Results Bladder cancer was diagnosed in 79 patients. The NMP22 assay was posi-
tive in 44 of 79 patients with cancer (sensitivity, 55.7%; 95% confidence interval [CI],
44.1%-66.7%), whereas cytology test results were positive in 12 of 76 patients (sen-
sitivity, 15.8%; 95% CI, 7.6%-24.0%). The specificity of the NMP22 assay was 85.7%
(95% CI, 83.8%-87.6%) compared with 99.2% (95% CI, 98.7%-99.7%) for cytol-
ogy. The proteomic marker detected 4 cancers that were not visualized during initial
endoscopy, including 3 that were muscle invasive and 1 carcinoma in situ.

Conclusion The noninvasive point-of-care assay for elevated urinary NMP22 protein
can increase the accuracy of cystoscopy, with test results available during the patient visit.
JAMA. 2005;293:810-816 www.jama.com
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urine cytology is frequently used as an
adjunctive noninvasive test, but it is ex-
pensive, subjective, and has low sensi-
tivity.

We investigated whether a new, non-
invasive urine-based test for the nuclear
matrix protein NMP22 proteomic
marker, using monoclonal antibodies
in a point-of-care format, has clinical
utility as an aid in diagnosis of bladder
cancer and compared its ability to de-
tect cancer with that of voided urine cy-
tology, which must be analyzed in a
clinical laboratory.

METHODS
Patients

Between September 2001 and May
2002, 22 geographically dispersed clini-
cal sites, including academic, veter-
ans’, and private practice facilities, pro-
spectively enrolled 1331 consecutive
patients with bladder cancer risk fac-
tors or symptoms, such as smoking, he-
maturia, or dysuria (FIGURE). No indi-
viduals had a prior history of bladder
malignancy. One additional site re-
cruited 26 patients with active malig-
nancies other than of the bladder to de-
termine the specificity of the NMP22
test for bladder cancer. Information
about race was obtained for Food and
Drug Administration (FDA) submis-
sion purposes from patients by clini-
cal staff at each site. Patients catego-
rized themselves. Institutional review
boards reviewed and approved the
study protocol for each site, and all par-
ticipants provided written informed
consent.

Patients with cancers other than of
the bladder provided a urine speci-
men for NMP22 protein analysis dur-
ing a routine visit and did not have en-
doscopy or voided cytology evaluations.
Each patient evaluated for bladder can-
cer provided a voided urine sample be-
fore undergoing cystoscopy. One por-
tion of each sample was sent for routine
cytological examination, either within
the institution or at a reference labo-
ratory, according to the standard prac-
tice at each participating facility. An ali-
quot of the remaining specimen was
tested for the presence of NMP22 pro-

tein by a member of the clinic staff. Each
device was identified by study identi-
fication number so that the physicians
who performed the subsequent cystos-
copy were blinded to the NMP22 test
results, and the staff members who per-
formed the NMP22 assay were blinded
to cystoscopy test results. Technicians
who conducted the cytological exami-
nations were physically distant from
both the cystoscopy and NMP22 evalu-
ations, and laboratory reports arrived
after the cystoscopies had been com-
pleted and documented.

NMP22 Assay

Staff members at each office per-
formed the NMP22 assay per protocol
by adding 4 drops of voided urine to
the sample well of the point-of-care de-
vice. Positive or negative results were
read 30 to 50 minutes later in the test
window. A built-in control indicated
that the assay was complete. There were
no other procedural steps.

The NMP22 point-of-care device
(NMP22 BladderChek Test, Matritech

Inc, Newton, Mass) is a lateral flow im-
munochromatographic qualitative as-
say. It detects elevated amounts of the
nuclear mitotic apparatus protein,
which is an abundant component of the
nuclear matrix. Nuclear matrix pro-
teins make up the internal structural
framework of the nucleus6,7 and are as-
sociated with such functions as DNA
replication and RNA synthesis,8,9 as well
as regulation and coordination of gene
expression.10-12 In tumor cells, nuclear
mitotic apparatus protein, which is pre-
sent in the interphase nucleus and as-
sociated with the organization of mi-
totic spindles during cell division,13 is
elevated concordant with structural/
morphological changes characteristic of
malignant cell nuclei. Nuclear matrix
protein expression varies with cell type
of origin.14,15 In individuals with blad-
der cancer, nuclear mitotic apparatus
protein is released into the urine dur-
ing cell death. Unlike cytological ex-
amination, its detection is not depen-
dent on recovery of intact cells. A
microtiter plate immunoassay was de-

Figure. Flow Diagram of Study
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veloped for this protein previously,16 but
unlike the new test in this investiga-
tion, it required that urine be stabi-
lized and sent to a laboratory for
analysis.

Two different monoclonal antibod-
ies are used in the NMP22 point-of-
care assay, one as a capture antibody, and
one as a reporter. To perform the test,
fresh unprocessed urine is added to
the sample well of the device and al-
lowed to react with the colloidal gold–
conjugated reporter antibody. If NMP22
protein is present in the urine, it will
interact with the reporter conjugate
to form an immune complex. The
reaction mixture flows through the
membrane, which contains zones of
immobilized antibodies. In the test zone,
antigen-conjugate complexes are
trapped by the capture antibody, form-
ing a visible line if the concentration of
NMP22 protein in the urine is greater
than 10 U/mL. A procedural control
zone contains an immobilized IgG-
specific antibody that will capture the
conjugated antibody independently of
the presence or absence of the antigen,
thereby always producing a visible con-
trol line in the window to demonstrate
that each device is working properly.

A receiver operating characteristic
(ROC) analysis, a plot of the true-
positive rate vs the false-positive rate, is
a tool for determination of an optimal
decision point for sensitivity and speci-
ficity and requires quantitative data. An
ROC analysis of quantitative data from
the microtiter plate format of the NMP22
assay in an evaluation of patients at high
risk for bladder cancer had an area un-
der the curve (AUC) of 73%.17 The 10-
U/mL point of determination for the
qualitative point-of-care test for NMP22
protein corresponds to the cutoff pre-
viously approved by the FDA for the
quantitative measurement of NMP22
protein.18

Diagnostic Criteria

All patients with risk factors or symp-
toms of bladder cancer underwent cys-
toscopy. They were considered posi-
tive for malignancy if 1 or more tumors
were observed during initial cystos-

copy or within the subsequent 3 months.
Nine patients with no malignancy found
during their initial cystoscopy had a sub-
sequent endoscopy due to continued
suspicion, such as increased symp-
toms. Removed tumors were defined as
malignant based on pathological exami-
nation. Tumors that were seen endo-
scopically but not removed were con-
sidered positive for malignancy and
designated stage (TX) and grade (GX).
Reasons that neoplasia were not re-
moved included concurrent health
problems that made patients poor can-
didates for surgery and advanced age. Pa-
tients were considered negative for
cancer if no tumor(s) was seen endo-
scopically, or if tissue was biopsied and
defined as nonmalignant on the basis of
histopathological examination.

Pathological examination of biop-
sied tissue was done within each insti-
tution or at a reference laboratory, ac-
cording to the standard practice at each
participating facility. Staging criteria
were those established by the Ameri-
can Joint Committee on Cancer.19 Im-
aging information was not collected for
comparison because standard practice
at participating facilities varied widely
on frequency and type.

Statistical Analysis

Sample size estimate to determine the
performance of the NMP22 test was
based on a 1-sample test for binomial
proportions using a 1-sided alternative
and was derived from testing the null hy-
pothesis that the observed proportion of
detection is equal to the expected pro-
portion of detection (newly diagnosed
bladder cancers detected by cystos-
copy) vs the alternative hypothesis that
the observed proportion of detection is
less than the expected proportion of de-
tection. This was based on a type I er-
ror rate of 5% (ie, �=.05), 80% power,
and finding a significant difference of 3%
in the detection rate. Assuming 5% to
10% of patients with hematuria or other
risk factors for bladder cancer could be
expected to have a pathologically con-
firmed positive cystoscopic evaluation,
an estimated sample size of 630 to 1300
patients was required.

Sensitivity of the NMP22 test to de-
tect the presence of bladder cancer was
calculated as the number of patients
with true-positive test results (posi-
tive NMP22 test result and tumor) di-
vided by the total number of patients
with malignancy, as detected by endos-
copy. Specificity was defined as the per-
centage of patients with a negative
NMP22 test result who were not diag-
nosed with tumors. Corresponding 95%
confidence intervals (CIs) were calcu-
lated for both sensitivity and specific-
ity. The sensitivity and specificity of
voided cytology were calculated for
comparison. A positive cytology test re-
sult was defined as one in which ma-
lignant or dysplastic cells were present.

Statistical analysis was performed at
the M.D. Anderson Cancer Center us-
ing S-PLUS version 6.1 (Insightful
Corp, Seattle, Wash) and StatXact ver-
sion 4.0 (Cytel Software Corp, Cam-
bridge, Mass) statistical software.

RESULTS
Characteristics of the Patients

Demographic and baseline character-
istics of the individuals with risk fac-
tors or symptoms of bladder cancer are
summarized in TABLE 1. Among the
1331 patients who had cystoscopies, 79
(6%) had cancer, 685 (51%) were di-
agnosed with 1 or more benign uro-
logical conditions, and 567 (43%) had
no cystoscopic evidence of urinary tract
disease. The mean age of the patients
with bladder tumors was 65.8 years
(range, 21-86 years), and they com-
prised 3 times as many men as women.

Staging information (TABLE 2) was
available for the 72 cancers that were
surgically removed. The 7 tumors seen
during cystoscopy but not excised were
categorized as TX. Of the cancers with
pathological staging data, 62 were su-
perficial (stages Ta, Tis, or T1), and 10
were muscle invasive (T2-T3). Patho-
logical determination of grade was avail-
able for 70 of the 72 removed tumors
(Table 2). Of these, 27 were well dif-
ferentiated (low grade), 18 were mod-
erately differentiated (medium grade),
and 25 were poorly differentiated (high
grade). A total of 27 cancers were

DETECTION OF BLADDER CANCER WITH A POINT-OF-CARE PROTEOMIC ASSAY
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muscle invasive (T2 or T3) and/or
poorly differentiated (high grade). No
patients had detectable metastases or in-
volvement of regional lymph nodes.
The NMP22 test results were available
for all patients with risk factors (1331),
and cytology test results for 1287 of the
patients with risk factors, including 76
of the 79 diagnosed with cancer.

Detection

Initial cystoscopy alone detected 88.6%
(70/79) of the cancers. The remaining
9 malignancies were identified during
subsequent cystoscopies conducted due
to continued suspicion, such as in-
creased symptoms, within 3 months of
the initial evaluation. The NMP22 as-
say was positive in 55.7% (44/79), and
cytology test results of malignant or dys-
plastic cells were found in 15.8%
(12/76).

The NMP22 test was significantly
more sensitive than voided urine cytol-
ogy when compared using the McNemar
�2 test (�2=24.7, P�.001). This differ-
ence remains significant after taking into
account the inherent variability among
the investigational sites using an ad-
justed McNemar �2 test (�2 = 7.0,
P=.008).20 This significant difference is
also reflected by the CIs for the sensi-
tivity proportions since they do not over-
lap, at 55.7% (95% CI, 44.1%-66.7%) for
the NMP22 test vs 15.8% (95% CI, 7.6%-
24.0%) for cytology. The positive pre-
dictive values of the NMP22 assay and
cytology were 19.7% (95% CI, 14.5%-
25.0%) and 54.6% (95% CI, 32.2%-
75.4%), respectively.

The same methods were used to com-
pare the specificity proportions and
demonstrated that cytology was sig-
nificantly more specific than the pro-
teomic assay (�2 =149.6, P�.001), at
99.2% (95% CI, 98.7%-99.7%) vs 85.7%
(95% CI, 83.8%-87.6%), respectively.
The difference remains significant af-
ter taking variability among the sites
into account (adjusted McNemar test
�2=9.0, P=.003). The negative predic-
tive values of the NMP22 assay and
cytology were 96.8% (95% CI, 95.6%-
97.8%) and 94.9% (95% CI, 93.6%-
96.1%), respectively.

Ten of the 79 malignancies were
muscle invasive. Initial cystoscopy vi-
sualized 6 (60%) of these, compared
with the NMP22 test, which identified
9 (90%) with elevated protein marker.
By comparison, voided cytology was
positive in only 2 (22%) of the 9 pa-
tients with muscle-invasive disease for
whom test results were available. The

NMP22 assay was also positive for a pa-
tient diagnosed with carcinoma in situ
after an initial cystoscopic report of be-
nign disease. Thus, a total of 4 poten-
tially life-threatening tumors (T2 G2 of
the ureter; T2 G3, Tis G3, and T3 G2
of the bladder) were detected by the
NMP22 test but not visualized in the
first cystoscopy. One of the 4 tumors

Table 1. Patient Demographics and Baseline Characteristics

Variable

No Urinary
Tract Disease

(n = 567)

Benign
Disease
(n = 685)

Urinary
Tract Cancer

(n = 79)
Overall

(N = 1331)

Age, y
Mean (SD) 54.1 (13.8) 61.7 (13.7) 65.8 (13.3) 58.7 (14.3)

Range 18-91 27-96 21-86 18-96

No. (%) of patients
�40 90 (15.9) 50 (7.3) 4 (5.1) 144 (10.8)

41-50 153 (27.0) 95 (13.9) 5 (6.3) 253 (19.0)

51-60 146 (25.8) 171 (25.0) 14 (17.7) 331 (24.9)

61-70 94 (16.6) 167 (24.4) 23 (29.1) 284 (21.3)

71-80 73 (12.9) 153 (22.3) 26 (32.9) 252 (18.9)

�81 11 (1.9) 49 (7.2) 7 (8.9) 67 (5.0)

Sex, No. (%) of patients
Male 225 (39.7) 472 (68.9) 62 (78.5) 759 (57.0)

Female 342 (60.3) 213 (31.1) 17 (21.5) 572 (43.0)

Race, No. (%) of patients
Black, non-Hispanic 54 (9.5) 62 (9.1) 4 (5.1) 120 (9.0)

White, non-Hispanic 447 (78.8) 572 (83.5) 70 (88.6) 1089 (81.8)

Hispanic 43 (7.6) 36 (5.3) 5 (6.3) 84 (6.3)

Asian 15 (2.7) 11 (1.6) 0 26 (2.0)

Other 5 (0.9) 1 (0.2) 0 6 (0.5)

Unknown 3 (0.5) 3 (0.4) 0 6 (0.5)

Table 2. Sensitivity of NMP22 Assay and Voided Cytology by Stage and Grade of Cancer
(n = 72)

NMP22 Assay Voided Cytology

No. With
Positive Test

Result/Total No.
With Bladder

Cancer
Sensitivity,
% (95% CI)

No. With
Positive Test

Result/Total No.
With Bladder

Cancer
Sensitivity,
% (95% CI)

Stage
Ta 14/30 46.7 (28.3-65.7) 2/28 7.1 (1.0-23.5)

Tis 4/5 80.0 (28.4-99.5) 3/5 60.0 (14.7-94.7)

T1 13/27 48.2 (28.7-68.1) 5/27 18.5 (6.3-38.1)

T2, T2a 6/6 100 (54.1-100) 2/6 33.3 (4.3-77.7)

T3a, T3b 3/4 75.0 (19.4-99.4) 0/3 0 (0-70.8)

TX 4/7 57.1 (18.4-90.1) 0/7 0 (0-41.0)

Noninvasive: Ta-T1 31/62 50.0 (37.0-63.0) 10/60 16.7 (8.3-28.5)

Muscle invasive: T2-T3 9/10 90.0 (55.5-99.8) 2/9 22.2 (2.8-60.0)

Grade
Well differentiated 13/27 48.2 (28.7-68.1) 0/25 0 (0-13.7)

Moderately differentiated 9/18 50.0 (26.0-74.0) 3/18 16.7 (3.6-41.4)

Poorly differentiated 18/25 72.0 (50.6-87.9) 9/24 37.5 (18.8-59.4)

GX (grade unknown) 4/9 44.4 (13.7-78.8) 0/9 0 (0-33.6)
Abbreviation: CI, confidence interval.

DETECTION OF BLADDER CANCER WITH A POINT-OF-CARE PROTEOMIC ASSAY
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was located in the ureter and there-
fore outside the viewing area of the cys-
toscope. Urine tests are often added to
an evaluation to identify urinary tract
tumors such as this. The combination
of the NMP22 test and cystoscopy de-
tected 93.7% of malignancies vs 88.6%
for initial cystoscopy alone (P=.26). Cy-
tology detected 2 of the 4 cancers not
seen in the initial endoscopy, but which
were positive by the NMP22 assay.

Among the most aggressive malig-
nancies, those that were poorly differ-
entiated (high grade) and/or muscle in-
vasive (stage T2 or T3), the NMP22 test
result was positive in 74% (20/27) com-
pared with cytology, which was posi-
tive in 39% (10/26). Of the superficial
cancers (Ta, Tis, T1) that were mod-
erately or well differentiated (medium
or low grade), the NMP22 assay iden-
tified 47% (20/43), compared with 5%
(2/41) for cytology. Overall, the point-
of-care assay detected 32 malignan-
cies missed by cytology: 11 Ta, 10 T1,
4 T2, 2 T3, 1 Cis, and 4 TX. Voided cy-
tology was positive in only 2 cancer pa-
tients for whom the NMP22 test result
was negative, both T1 G3.

The specificity of the NMP22 assay
was 90.3% among individuals with
symptoms but with no evidence of uri-
nary tract disease seen during cystos-
copy, and 85.7% overall (TABLE 3). All
risk patients in the study were under-

going an evaluation for bladder can-
cer that included cystoscopy, so false-
positive test results did not require any
additional procedures. Cytology dem-
onstrated a specificity of 99.2% among
patients with symptoms and was not
performed for individuals with non-
bladder cancer. Of the 38 patients with
active cancers other than bladder, the
NMP22 assay was negative in 86.8%
(33/38) and positive in 13.2% (5/38).

COMMENT
Prognosis and survival of individuals
with bladder cancer are related to the
stage of the malignancy at the time of de-
tection. Approximately 50% of patients
with muscle-invasive disease at first di-
agnosis demonstrate a recurrence within
2 years of surgery, despite apparently ad-
equate surgical resection. The majority
of these patients will experience a cancer-
related death within 5 years of diagno-
sis.21 By comparison, tumors treated
while still confined to the epithelium
have lower recurrence rates and progress
to higher stages and grades less often,
thereby improving patients’ long-term
outcome.22,23 In addition, early stage dis-
ease can be treated by bladder-sparing
therapy rather than cystectomy, the stan-
dard for advanced disease, which im-
pacts quality of life as well as survival.

The direct cost of treatment for pa-
tients with metastatic genitourinary

cancer has been estimated to be more
than 6 times greater than for those pa-
tients with localized disease for the same
period of time.24 The challenge, there-
fore, is to improve detection of blad-
der cancer without adding increased
risk or discomfort to the patient.

Cystoscopy is integral to the diag-
nosis of bladder cancer, allowing the
physician to visualize the bladder wall
directly. The sensitivity of cystoscopy
is very good, but hematuria and other
conditions can obscure lesions, and flat
neoplasia can be confused with ery-
thema. As seen in this study, even later-
stage cancers are sometimes missed
during endoscopy. The precise rate of
false-negative cystoscopy test results is
difficult to determine, but estimates
range from 10% to 40%.25-27 In this
study it was 11.4%. For this reason,
physicians frequently use multiple tools
to aid in diagnosis of bladder cancer,
including urinalyses and imaging of the
upper tract.

Voided cytology has been a widely
acceptedadjunctive test tocystoscopybe-
cause it is noninvasive. This method in-
volves visual assessment of morphologi-
cal changes and therefore requires intact
cells. Small tumors, well-differentiated
(low-grade) tumors, or both are less
likely to exfoliate cells spontaneously be-
cause the strong intercellular attach-
ments are better preserved, and the de-
gree of morphological departure from
normal is less, making recognition dif-
ficult.28 This results in low sensitivity, ap-
proximately 15% to 30% in early stage
cancers.29,30 In addition, some inflam-
matory conditions cause cellular changes
that can be confused with neoplastic pro-
cess, contributing to subjective interpre-
tation. False-positive reports of malig-
nant cells are rare, but ambiguous reports
of atypical cells are common. Collect-
ing and analyzing 3 serial first-morning
specimens for voided cytology is used by
some physicians to improve the detec-
tion rate of cancer,31 but it significantly
increases cost, and patient compliance is
difficult. Because specially trained tech-
nicians are required for the analysis,
samples must be stabilized and sent to a
laboratory, and test results are not avail-

Table 3. Specificity of NMP22 Assay

Patients With Risk Factors
for Bladder Cancer*

No. With Negative
Test Result/Total No.

Without Bladder Cancer
Specificity, %

(95% Confidence Interval)

No urinary tract disease (with risk factor) 512/567 90.3 (87.6-92.6)

Benign prostatic hypertrophy/prostatitis 231/280 82.5 (77.5-86.8)

Cystitis/inflammation/trigonitis/urinary
tract infection

97/125 77.6 (69.3-84.6)

Erythema 42/51 82.4 (69.1-91.6)

Hyperplasia/squamous metaplasia/cysts
and polyps

41/53 77.4 (63.8-87.7)

Calculi 29/40 72.5 (56.1-85.4)

Trabeculations 175/217 80.7 (74.7-85.7)

Other benign diseases, kidney
and genitourinary

179/220 81.4 (75.6-86.3)

Other cancer history, nonbladder† 7/8 87.5 (47.3-99.7)

Other active cancer, nonbladder‡ 33/38 86.8 (71.9-95.6)
*Patients may have more than 1 benign disease.
†Other cancer history: lung cancer (n = 1), prostate cancer (n = 7).
‡Other active cancer: breast cancer (n = 14), kidney/renal cancer (n = 5), leukemia/lymphoma (n = 3), lung cancer (n = 1),

prostate cancer (n = 12), other types of cancer (n = 3, tongue, testes, spindle-cell [flank]).
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able immediately. The high specificity of
cytology is offset by low sensitivity, am-
biguous test results, expense, and time
lag to obtain reports.

We found that the NMP22 test is a
useful adjunctive tool in the evalua-
tion of patients at risk for bladder can-
cer and that it identified several malig-
nancies missed by initial cystoscopy.
Specificity of the NMP22 test was lower
than for cytology (85.7% vs 99.2%), but
sensitivity was significantly greater
(55.7% vs 15.8%), with test results
available during the patient visit. The
NMP22 protein is the only tumor
marker approved by the FDA as an aid
in the initial diagnosis of bladder can-
cer, and the test has been waived un-
der the Clinical Laboratory Improve-
ment Act so it can be performed in any
physician’s office. The cost of urine tests
varies by location. The average Medi-
care reimbursement for voided cytol-
ogy is approximately $56, compared
with $24 for the NMP22 point-of-care
assay.32

In the general US population, blad-
der cancer occurs in approximately 39
of 100000 men and 10 of 100000 wom-
en.1 Patients enrolled in this investiga-
tion were at elevated risk for urological
cancer due to behaviors such as smok-
ing or symptoms including hematuria
and dysuria. Consequently, the inci-
dence of malignancy in this group was
6%. Currently, 20% or more of symp-
tomatic patients present with disease that
is already invasive at the time of first di-
agnosis. Identifying these malignan-
cies earlier could improve prognosis and
reduce the cost of treatment.

Hematuria is the most common
symptom of bladder cancer, but it is of-
ten intermittent.33 Repetitive home test-
ing of high-risk populations has shown
good detection results,34 and the cost
of urinary dipstick testing is minimal.
However, because hematuria is not spe-
cific to cancer, it is estimated that only
1 in 20 patients with hematuria will
have bladder cancer.34-36 Positive pre-
dictive value, the percentage of times
that a positive test result corresponds
to the presence of the disease in ques-
tion, is about 5% for hematuria testing

in men for bladder cancer34,35 and even
lower in women.36 Nevertheless, be-
cause the amount of blood in urine is
unrelated to stage and grade of can-
cer, the American Urological Associa-
tion Best Practice Policy Panel on
Asymptomatic Microscopic Hematu-
ria and others have concluded that there
is no safe lower limit for hematuria, and
high-risk patients should be consid-
ered for a urological evaluation after
even a single episode.3,37 Among study
patients with the highest risk for blad-
der cancer, men older than 60 years
with a history of smoking, the positive
predictive value of the NMP22 test was
37%. This is higher than the 20% to
30% predictive value typically re-
ported for prostate-specific antigen in
men who have an elevated risk of pros-
tate cancer, those with levels between
4 to 10 ng/mL.38-41

In conclusion, the NMP22 assay may
be a useful adjunct to cystoscopy for di-
agnosing bladder cancer. Studies in dif-
ferent patient populations are neces-
sary to further define the role of this
assay in patients with risk factors and
symptoms suggestive of possible blad-
der cancer.
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All adventures, especially into new territory, are scary.
—Sally Ride (1951- )
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