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ABSTRACT

Purpose: The early diagnosis of bladder cancer is central to its effective treatment. This study
was designed to determine the clinical use of NMP22† as a urinary marker for the early detection
of transitional cell carcinoma of the bladder in patients with hematuria or other indications at
risk for malignancy. The sensitivity and specificity of the NMP22 test were compared with
urinary cytology, and the results of both tests were then compared to cystoscopic findings. We
also determined if NMP22 provided a cost advantage over our current modalities in our patient
population.

Materials and Methods: Each patient submitted a single voided urine which was divided in 2
parts, of which 1 was stabilized with the NMP22 urine collection kit and 1 was preserved in the
appropriate cytology medium for cytopathological testing. All patients provided the urine sam-
ples before cystoscopic examination. Of the 330 patients 114 (34.5%) presented with microscopic
hematuria and 66 (20.4%) with gross hematuria. Other indications for cystoscopy included
atypical cytology or unexplained voiding symptoms refractory to medical therapy.

Results: There were 18 patients with biopsy confirmed bladder cancer and 312 with benign
conditions of the bladder. Median NMP22 value for the malignant bladder tumors was 31.6 units
per ml. (95% confidence interval 13.4 to 90.9) and 4.3 units per ml. (3.8 to 4.8) for benign
conditions of the bladder. The urinary NMP22 values in the bladder cancer group were signifi-
cantly higher than those in the benign condition group (p ,0.001). The sensitivity of NMP22 was
100% with a specificity of 85% at a reference value of 10.0 units per ml., while cytology had a
sensitivity of only 33% and specificity of 100%. Given a negative predictive value of 100% for
NMP22, a cost savings of $28,302 to $111,072 (depending on the type of insurance carrier) would
have been achieved if it was used alone as the indication for cystoscopy.

Conclusions: This study indicates that urinary NMP22 is a simple, noninvasive, cost-effective
marker for the detection of bladder cancer.
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The early diagnosis of bladder cancer is central to its ef-
fective treatment.1 Superficial bladder cancer can be success-
fully treated in most cases without the need for more aggres-
sive surgical therapies. Presently there are no accurate
methods to identify easily the presence of early bladder can-
cer. Screening for bladder cancer in patients who present to
the urology clinic with symptoms of either microscopic or
gross hematuria or with other irritative voiding symptoms,
such as frequency, dysuria and so forth, is currently done
with urinalysis, urinary cytology and office cystoscopy. Gross
or microscopic hematuria is the most common presenting
symptom of bladder cancer. The degree of hematuria is not
related to the gravity of the disease, and microscopic bleeding
must be taken as seriously as frank hematuria.2, 3

Currently urine cytology is used in conjunction with cys-
toscopy to determine the cause of hematuria. Unfortunately,
the sensitivity of voided urine cytology is on average less
than 50% and as low as 30% in low stage, low grade dis-
ease.4–6 Conversely, the specificity of office cystoscopy is less
than 10% in the evaluation of patients at risk for bladder
cancer. The potential development of a highly sensitive uri-
nary test for the detection of transitional cell carcinoma of
the bladder could have an impact on our ability to screen
effectively patients at risk for bladder cancer.

Recently the NMP22 test, an enzyme immunoassay for
nuclear mitotic apparatus protein in voided urine, was intro-
duced for the detection of occult or rapidly recurring disease
following transurethral resection of bladder tumor. An
NMP22 value greater than 10.0 units per ml. was found to
predict recurrence for invasive and noninvasive tumors with
a sensitivity of 100 and 71%, respectively.4 For patients
with NMP22 less than 10.0 units per ml. the negative pre-
dictive value was 86%. Further studies have shown NMP22
to be a promising tumor marker in other aspects of patient
care.2, 5, 6 We compared NMP22 and urine cytology in the
detection of tumors of the urinary tract in patients who
present at risk for bladder cancer. We also determined if the
testing of patients presenting with hematuria or other indi-
cations for bladder cancer with NMP22 provided a cost ad-
vantage over our current modalities.

MATERIALS AND METHODS

Between April 1997 and February 1998, 330 patients were
referred to our urology clinic for microscopic or gross hema-
turia, or other indications for risk of bladder cancer. All
patients were asked to provide a urine sample for the NMP22
test and cytology before cystoscopy, and all had had a nega-
tive upper tract study within 6 months of the date of cystos-
copy. The urine was collected and divided into 2 aliquots, of
which 1 was transported to the urology laboratory for NMP22
analysis and 1 to the cytopathology laboratory of our insti-
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tution. The urologist and pathologist were blinded to the
results.

All samples were processed according to the package insert
for the NMP22 test kit. Calibrators, controls and stabilized
urine samples were added to an antibody coated microplate.
The captured nuclear matrix protein antigen was washed
and then reacted with a second antibody labeled with digoxi-
genin. The antigen was washed again and reacted with an
antidigoxigenin antibody coupled to horseradish peroxidase
and detected using O-phenylene diamine substrate. The re-
action was terminated by the addition of 2 M. sulfuric acid.
The concentration of antigen in urine was proportional to the
intensity of color development. The concentration of digoxi-
genin labeled NMP22 in the urine was calculated from a
standard curve, as determined by the concurrent testing of
calibrators.

All test results, NMP22, cytology and cystoscopy were re-
corded. Diagnosis was bladder malignancy when a bladder
tumor was observed during cystoscopic evaluation and con-
firmed by a positive histology result from the biopsy sample.
The sensitivity estimates were defined as the number of
biopsy proved bladder tumors accurately classified positive
by the NMP22 test (greater than 10 units per ml.) or cytology
(positive for malignancy). The specificity estimates were de-
fined as the number of “no tumor seen,” negative or biopsy
negative cystoscopies which were accurately classified as
negative by the NMP22 test (10 or less units per ml.) or
cytology (atypical or negative for malignancy).

The comparisons of median NMP22 values from benign
and malignant patient groups were performed with the
Wilcoxon rank sum test. Confidence intervals (CI) were cal-
culated for median values and the various rates of predictive
ability. Logistic regression and receiver operator character-
istics (ROC) curves were used to examine the relationship
between NMP22 and patient status.

RESULTS

There were 254 men (77%) and 76 women (23%) in our
patient population with an average age of 63 years. Mean age
plus or minus standard deviation was 71.8 6 10.5 years in
the malignant group and 62.6 6 13.0 years in the benign
group. Of the 330 patients evaluated 18 had histologically
confirmed bladder cancer (table 1). NMP22 detected 9 of 9
(100%) low stage Ta/T1 cancers, whereas cytology was posi-
tive in 5 of 9 (55.5%).

In the malignant group the values of NMP22 were signif-
icantly higher (median 31.6 units per ml., 95% CI 13.4 to
90.9) compared to the benign group (median 4.3 units per ml.,
95% CI 3.8 to 4.8, p ,0.001, table 2). Of the entire group
cystoscopy was negative (no tumor seen or histologically neg-
ative by biopsy) in 94.5% of the patients (312 of 330) (table 3).

An NMP22 value greater than 10.0 units per ml. detected all
18 bladder cancers, whereas cytology detected only 6 of the
18 cancers. The sensitivity and specificity of NMP22 were
100% (18 of 18) and 85% (267 of 312), respectively, compared
to a sensitivity of 33% (6 of 18) and a specificity of 100% (312
of 312) for cytology (table 4). The negative predictive value of
100% for NMP22 was comparable to that of cytology (96%).
No cancers were detected in 312 patients who underwent
office cystoscopy when the NMP22 value was less than 10.0
units per ml. The relatively low positive predictive value of
29% (18 of 63) for NMP22 in our study was due to a false-
positive rate of 71.4% (45 of 63) (table 4). The apparent
causes of these elevated NMP22 values were radiation or
hormonally treated prostate cancer, ileal conduits/continent
diversions, renal/bladder calculi, presence or history of ure-
teral stents and benign inflammatory conditions, such as
cystitis cystica and recurrent cystitis/prostatitis (table 5).

ROC curves were used to illustrate the diagnostic ability of
NMP22 to detect bladder cancer. ROC curve shows the sen-
sitivity and specificity of using the entire range of NMP22
values as cutoffs. The area under the curve can range from 50
to 100%, and diagnostic tests that approach 100% indicate a
perfect indicator, while 50% represents random chance or no
predictive ability (see figure). In our study logistic regression
indicated that NMP22 was significantly related to bladder
cancer (p ,0.001) and that 95% of the area was under the
ROC curve. The figure indicates that a cutoff of 10 units per
ml. achieved a sensitivity of 100% and a specificity of 86%.

DISCUSSION

All 18 tumors found on 330 cystoscopies were detected in
patients with microscopic or gross hematuria. The NMP22
test did not miss any bladder cancers and its sensitivity was
3 times higher than cytology. Although using a reference
cutoff value of 10.0 units per ml. yielded 45 false-positive
values, we believed that sacrificing the specificity was appro-
priate to optimize the test at 100% sensitivity. No cancer was
detected on cystoscopic examination of the remaining 267
patients (36 with gross and 94 with microscopic hematuria,
and 137 with frequency voiding symptoms) at risk for bladder
cancer with a negative NMP22 test (less than 10.0 units per
ml.). Therefore, 45 unnecessary cystoscopies would have been

TABLE 1. NMP22 values in 18 newly diagnosed bladder cancers

Case No. NMP22 (U/ml.) Stage Grade

1 15.0 Ta I
2 32.1 Ta II
3 31.1 Ta/CIS II
4 1894 Ta/T1 I/II
5 24.5 T1 I
6 31.1 CIS III
7 10.5 T2 II/III
8 14 T2 III
9 90.9 T3 III

10 17.7 T3 III
11 42.1 T2 II
12 186.6 T2 II
13 117.4 T1/T2 III
14 13.4 T1 III
15 125.3 T3 III
16 24.6 T1 III
17 54.6 T3 III
18 37.5 Ta II

TABLE 2. NMP22 values in patient groups

Pt. Group Pts. No. Median NMP22
(interquartile range) 95% CI

Benign conditions 312 4.3 (4.1–6.8) 3.8–4.8
Malignancy 18 31.6 (17.7–90.9) 13.4–90.9

TABLE 3. Numbers used for estimation of sensitivity and specificity
of NMP22 and voided urine cytology

Pt. Group NMP22 Greater
Than 10.0 U./ml.

Cytology
Pos.

Cytology
Neg.

Cytology
Atypical

Benign conditions 45 0 244 68
Malignancy 18 6 5 7

TABLE 4. Sensitivity and specificity of NMP22 and cytology

NMP22 Greater
Than 10.0 U./ml. Cytology

% Test
Characteristics
(No./total No.)

95% CI
% Test

Characteristics
(No./total No.)

95% CI

Sensitivity 100 (18/18) 82–100 33 (6/18) 13–59
Specificity 85 (267/312) 82–90 100 (312/312) 97–100
Pos. predictive value 29 (18/63) 18–41 100 (6/6) 54–100
Neg. predictive

value
100 (266/266) 99–100 96 (312/324) 94–98
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done if NMP22 was used alone to indicate the need for
cystoscopy but this could have eliminated 267 cystoscopies
currently done for the diagnosis of bladder cancer.

The need for a sensitive, cost-effective tumor marker is
evident as the overall prevalence of bladder cancer in the
subset of patients with hematuria ranges from 4 to 10%.1–3 It
is standard practice to examine patients with hematuria or
other indication for risk of bladder cancer with urinary cy-
tology followed by office cystoscopy. The limitations of uri-
nary cytology are its suboptimal sensitivity and high cost.
The charge for a voided urine cytology test at our institution
is about $100. Urine cytology is not cost-effective as its sen-
sitivity is less than 50% and the prevalence of bladder cancer
is only 10%. Cystoscopy also has its limitations, since it is an
invasive procedure and yields a cancer diagnosis in less than
10% of cases. Many patients with microscopic hematuria or
other risks for bladder cancer undergo unnecessary cystos-
copy because of our uncertainty and inability to screen for
bladder cancer with current urinary tests. Hence, the poten-
tial need for an automated, objective test to evaluate those
patients who present with hematuria or who are at risk for
bladder cancer is evident. The ideal test should have a better
sensitivity than urinary cytology as well as a high negative
predictive value to eliminate the numerous negative cysto-
scopies done currently to evaluate patients with hematuria.

At our institution the reimbursement for each cystoscopy
procedure is $106 (Medicare) versus $416 (private insurance
carrier). Eliminating 267 cystoscopies would carry a cost
saving ranging from $28,302 to $111,072. For 330 patients
requiring evaluation an additional cost saving of $26,400 will
occur when we compare the price of an NMP22 test ($20 per
sample) with the cost of urinary cytology ($100 per sample).
Using the NMP22 test versus urinary cytology to determine
whether cystoscopy is required to eliminate the risk of blad-
der cancer could result in a saving of $54,702 to $137,472, or
a saving of at least $3,039 per diagnosis of bladder cancer.

Whether the NMP22 test allows early detection of bladder
cancer at a lower stage remains to be evaluated. The reported
advantage of the NMP22 test over urinary cytology is that it
is equally effective in diagnosing Ta/T1 tumors as well as

muscle invasive and T2 or greater cancers. According to
Soloway et al a comparison between NMP22 and cytology in
recurrent bladder cancers showed similar sensitivity with
high grade or muscle invasive cancers but NMP22 was 2 to 3
times more sensitive in detecting recurrent low stage/low
grade cancers.4 In our study NMP22 detected 9 of 9 (100%)
low stage Ta/T1 cancers, whereas cytology was positive in 5
of 9 (55.5%). Recently the improved sensitivity of NMP22
versus cytology was reported in early stage cancers.5 The
results from this study showed the overall sensitivity of
NMP22 for all stages to be 67 versus 31% for cytology. The
sensitivity of 54% reported for NMP22 was significantly
higher than 14% for cytology in Ta lesions.6

We did not find the quantitative value of the NMP22 to be
useful in differentiating low from high grade disease. In our
study there was no difference in NMP values when grades I
and II cancers were compared with grade III cancers. As
there were only 2 grade I tumors, grades I and II tumors were
combined. Median NMP22 value was 32.1 units per ml. in
grade I/II tumors and 27.9 units per ml. in grade III tumors.
Case 4 was eliminated from analysis due to an abnormally
high NMP22 value. This patient had undergone prior percu-
taneous nephrostomy and endoscopic removal of bladder cal-
culi. The bladder tumor was diagnosed before this procedure.
Foreign body and renal calculus are known causes of false-
positive results and accounted for this markedly elevated
value. When analyzing the quantitative NMP22 value with
stage of disease, we found no significant difference between
superficial (Ta/Tis/T1) versus invasive cancers (T2/T3). The
median value of 54.6 units per ml. for invasive tumors was
almost 2 times the value seen in superficial cancers (27.9
units per ml.). Whether the quantitative NMP22 value will
continue to correlate best with stage of cancer versus grade
remains to be seen.

Unlike previous reports on patients with recurrent tu-
mors,2, 4–6 which suggest a cutoff NMP22 value of 6.4 units
per ml., we did not combine patients with a history of bladder
cancer or tumor recurrence on surveillance with those newly
diagnosed or screened for bladder cancer. The suggested cut-
off value of 6.4 units per ml. may not be valid in a pure
screening population. A screening population will typically
present with larger tumor volumes than patients on surveil-
lance with known bladder cancers. In our study 9 of the 18
cancers (50%) were stage T2 or greater, and only 2 of the
18 (11%) were grade I. Conversely, in the study of Carpinito
et al, which included patients with newly diagnosed cancer as
well as those with recurrence, only 12.5% had stage T2 or
greater disease and 31% of the cancers were grade I.2 In the
subset of patients with a known history of bladder cancer
under surveillance we would agree that a cutoff value of 10
units per ml. is too high and that 6.4 units per ml. would
increase the sensitivity for these smaller, low stage tumors.
However, in our pure screening population we found that a
cutoff of 10 units per ml. optimized sensitivity and specificity.
If the cutoff were lowered to 6.4 units per ml. in our study, we
would not improve on our 100% sensitivity but rather de-
crease our specificity from 85 to 71%, thus increasing our
false-positive results. This screening study is ongoing and, as
we increase our number of detected bladder cancers, we will
reanalyze the ROC curves based on the 2 different cutoff
values.

CONCLUSIONS

Our study indicates that urinary NMP22 is a simple, non-
invasive, cost-effective tumor marker for the early detection
of low stage, low grade bladder cancer. It is a sensitive tool for
the screening of urothelial cancer in patients with hematuria
and symptoms at risk for malignancy. NMP22 offers advan-

TABLE 5. Causes of false-positive NMP22

Condition No. Pts. (%)

No. pts. 45
Benign inflammatory conditions (cystitis, recurrent

urinary tract infections or prostatitis)
16 (35.5)

Renal/bladder calculi 10 (22)
Presence of or history of ureteral stents 8 (18)
Ileal conduits/continent diversions 6 (13)
Prostate cancer, post-radiation therapy or hormonal

therapy
5 (11)

ROC curve to determine NMP22 reference value for optimal sen-
sitivity and specificity for detecting transitional cell carcinoma. In-
flection points are near 6 and 10 units per ml.
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tages over cytology in terms of reduced cost and increased
sensitivity. The use of NMP22 may supplant urinary cytology
and reduce the frequency of diagnostic cystoscopy in the
future.
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