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Backgrounds: This study aimed to evaluate the diagnostic and prognostic value of urine nuclear matrix
protein 22 (NMP22) for bladder cancer.

Methods: A retrospective analysis was performed on 229 patients with bladder cancer who underwent
transurethral resection of bladder tumor between 2015 and 2018 in our hospital. The sensitivity of NMP22
was calculated to evaluate the diagnostic value of NMP22. Logistic regression analyses were applied to
investigate the prognostic value of NMP22 for pathologic features in bladder cancer.

Results: The sensitivity of NMP22 for the detection of bladder cancer was 28.82%, and the false
negative rate was 71.18%. The sensitivity of NMP22 for the detection of low-grade disease and high-grade
disease were 11.11% and 38.51%. NMP22 had significantly higher sensitivity for the detection of high-
grade bladder cancer (P<0.001). The sensitivity of NMP22 for the detection of Ta, T1 and T2 disease
were 20.78%, 50.85% and 25.00% respectively (Ta refers to noninvasive papillary carcinoma, T1 refers to
tumor invades subepithelial connective tissue, T2 refers to tumor invades muscularis propria). NMP22 had
significantly higher sensitivity for detection of T1 disease (P<0.001). Univariate and multivariate logistic
regression analysis suggested NMP22 might be an independent prognostic factor for high-grade (P<0.001)
and T'1 disease (P<0.001) in patients with bladder cancer.

Conclusions: Although the sensitivity of NMP22 was significantly higher in the detection of T'1 and high-
grade bladder cancer, the false negative rate was high. Besides, the NMP22 might be a prognostic factor for
high-grade and T1 bladder cancer, but considering the limitations of this study, further studies are needed.
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Introduction in male, with about 76,960 new cases every year in both
According to the cancer statistics in 2016, bladder cancer, sexes in United States (1). In the field of bladder cancer
commonly referred to the bladder urothelial carcinoma, treatment, trans-urethral resection of bladder tumor
was the fourth common new diagnosed malignant tumor (TURBT), total and partial cystectomy are still the most
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important treatments for resectable disease. For unresectable
bladder cancer, chemotherapy and radiotherapy are classical
treatments, and the emergence of immunotherapy and
targeted therapy in recent years provides more treatment
options for bladder cancer that cannot be controlled by
radiotherapy and chemotherapy (2,3). Considering that the
prognosis of unresectable bladder cancer is significantly
worse than that of resectable bladder cancer (3), the early
diagnosis of bladder cancer is an important topic in clinical.

In the early diagnosis of bladder cancer, in addition to
the traditional cystoscopy and urine cytology, molecular
biomarkers are also used more and more because of
its noninvasive and easy to implement. The molecular
biomarkers of bladder cancer, that is, the components with
diagnostic value in the urine of patients with bladder cancer,
include exfoliated tumor cells, proteins, genes, and tumor
metabolites. The detection of these biomarkers can provide
valuable information for the diagnosis and follow-up of
bladder cancer. At present, there are many biomarkers for
molecular diagnosis of bladder cancer. Some detect specific
proteins in urine, such as bladder tumor antigen (BTA)
test, nuclear matrix protein 22 (NMP22) test, Cytokeratin
8 and 18 fragments test; some detect DNA in urine, such
as AssureMDx test; some detect mRINA in urine, such as
Xpert Bladder Cancer test and CxBladder Detect test; some
detect tumor associated cellular antigens or aneuploidy
for chromsomes in urine sediment, such as ImmunoCyt
test and UroVysion test (4). Among these examinations,
NMP22 is one of the most widely used in clinical practice.

Nuclear matrix proteins (NMPs) was isolated by
Berezney in 1974 (5). As a protein accounting for about
10% of all nuclear proteins, the NMPs built the nuclear
matrix together with peripheral lamins and pore complexes,
and played an important role in the DNA replication and
transcription (6). In 1996, a urinary protein named NMP22
was isolated by Keesee (7). Later it was reported that in
bladder cancer the malignant transitional cells contained
up to 80 times higher concentration of NMP22 than
normal transitional cells (8). In non-muscle invasive bladder
cancer (NMIBC), NMP22 were positive in 71.8% of cases,
while the cytology were positive in 42.8% of cases for
comparison (8). NMP22 assay had gained United States
Food and Drug Administration (FDA) approval as an aid in
the initial diagnosis of bladder cancer, and had been applied
in clinical for years.

With the increasing popular use of the NMP22 in
clinical, the sensitivity and specificity of NMP22 had been
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verified by several studies within past few years (8-10),
however, the prognostic value of NMP22 in bladder
cancer had not been investigated yet. Considering this, we
conducted this study evaluating the association between
urine NMP22 and the pathologic features in patients with
bladder cancer to find if NMP22 could be a prognostic
factor in bladder cancer, meanwhile the diagnostic value of
NMP22 for bladder cancer was studied as well. We present
the following article in accordance with the REMARK
reporting checklist (available at http://dx.doi.org/10.21037/
ter-20-1824).

Methods
Patients

A retrospective analysis was conducted to identify patients
with bladder cancer at Peking University Cancer Hospital
between the year 2015 and 2018. These patients would
be enrolled: (I) adult patients aged 18 years or older, male
or female; (II) diagnosed with bladder cancer and had not
been performed with any kind of surgery; (III) performed
with TURBT; (IV) bladder urothelial carcinoma was
confirmed by pathology report with complete grading and
staging information; (V) with urine NMP22 assay report.
The following patients will be excluded: (I) complicated
with other urogenital diseases, including acute or chronic
inflammation of the urinary system; (II) combined with
tumors in other sites; (III) complete pathology reports
are not available. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). This
study was approved by the Ethics Committee of Peking
University Cancer Hospital (approval No. 150204) and
informed consent was taken from all the patients.

Assay methods

The Alere NMP22 BladderCheck Test kit (Scarborough,
Maine, USA.) was used to qualitatively detect the urine
NMP22. This test used a lateral flow immunochromatographic
strip encased in a plastic cartridge to detect NMP
qualitatively in the patient’s urine sample. The antibodies
in the lateral flow immunochromatographic strip were
monoclonal antibodies (MAbs) raised against nuclear
mitotic apparatus protein (NuMA) extracted from a cervical
cancer cell line by the method of Fey and Penman (11).
Two different MAbs were used, one as a capture antibody
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Table 1 Patients’ clinicopathologic characteristics

Characteristics Values

Patients, n (%) 229 (100.0)

Age (years), median (IQR) 65 (56 to 71)

Gender, n (%)

Female 50 (21.83)

Male 179 (78.17)
Pathologic grade, n (%)

Low grade 81 (35.37)

High grade 148 (64.63)
Pathologic stage, n (%)

Ta 154 (67.25)

T1 59 (25.76)

T2 16 (6.99)
NMP22, n (%)

Negative 163 (71.18)

Positive 66 (28.82)

IQR, interquartile range; NMP22, nuclear matrix protein 22.

and one as a reporter antibody. All samples were processed
according to the instruction provided by the manufacturer.
The voided urine samples were collected in plastic
urine container and tested within 2 hours under room
temperature. According to the written instruction and
previous studies (10), a urine NMP22 level of 10 units/mL
or above was considered to be positive.

Study design

Clinical characteristics data collected included patients
medical record number, age, gender, NMP22 assay results.
The pathologic features included histological tumor grade
and pathologic tumor stage (T stage). A single voided urine
sample was collected prior to TURBT in all patients. The
pathologic staging and histological grading of the bladder
cancer were based on the American Joint Committee TNM
Staging System for Bladder Cancer (7th edition, 2010) (12).
Ta refers to noninvasive papillary carcinoma, T'1 refers to
tumor invades subepithelial connective tissue, T2 refers
to tumor invades muscularis propria. All these data were
obtained through a review of our hospital’s electronic
medical record.
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Statistical analysis metbods

Descriptive statistics were used to summarize patients’
characteristics. Categorical variables are presented as
numbers and percentages, continuous variables are
presented as median and interquartile range (IQR). Patients
were divided into two groups by the NMP22 results,
NMP22 negative group and NMP22 positive group. The
t-test was used to compare the continuous variables between
these two groups. Chi-square test and crosstabs test were
used to compare the categorical variables between these two
groups. Then patients were divided into two groups by the
pathologic grade results. The #-test was used to compare
the continuous variables between patients with low grade
bladder cancer and those with high grade disease. Chi-
square test and crosstabs test were used to compare the
categorical variables between these groups. Later all the
patients were divided into three groups by the pathologic
T stage (Ta, T1 and T2 group). The One-way ANOVA
was used to compare the continuous variables between
these three groups. Chi-square test and crosstabs test were
used to compare the categorical variables between these
groups. The logistic regression analysis was performed to
determine the potential prognostic factor for pathologic
outcomes in patients with bladder cancer using univariate
and multivariate analysis. Statistical analysis was performed
using Stata 14 for windows (StataCorp, College Station,
TX, USA). All tests were two-sided and a value of P<0.05
was considered statistically significant.

Results
Data

Patients’ clinicopathologic characteristics were shown in
Table 1. Two hundred and twenty-nine patients with bladder
cancer were enrolled in our analysis from September 2014
through December 2018, including 81 (35.37%) patients
with low-grade disease and 148 (64.63%) with high-grade
disease. The median age was 65 years. There were 50
(21.83%) female patients and 179 (78.17%) male patients.
Most patients had Ta (n=154) or T'1 diseases (n=59), and
16 patients (6.99%) were diagnosed with T2 disease.

Analysis and presentation

The sensitivity of NMP22 was shown in 7ible 2 and Figure 1.
The sensitivity of NMP22 for the detection of bladder
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Table 2 Pathologic features according to NMP22

NMP22
Characteristics P value
Negative Positive
Patients, n (%) 163 (71.18) 66 (28.82)

Age (years), median (IQR) 64 (56 to 69) 67 (58 to 75)  0.095

Gender, n (%) 0.618
Female 37 (74.00) 13 (26.00)
Male 126 (70.39) 53 (29.61)

Pathologic grade, n (%) <0.001
Low-grade 72 (88.89) 9 (11.11)
High-grade 91 (61.49) 57 (38.51)

Pathologic stage, n (%) <0.001
Ta 122 (79.22) 32 (20.78)
T1 29 (49.15) 30 (50.85)
T2 12 (75.00) 4 (25.00)

IQR, interquartile range; NMP22, nuclear matrix protein 22.

cancer was 28.82%, and the false negative rate was 71.18%.
No significant difference could be detected regarding age
between NMP22 positive patients and NMP22 negative
patients (P=0.095). There was no significance in the
distribution of gender between these two groups (P=0.618).
The sensitivity of NMP22 for the detection of low-grade
disease and high-grade disease were 11.11% and 38.51%.
NMP22 had significantly higher sensitivity for the detection
of high-grade bladder cancer (P<0.001). The sensitivity
of NMP22 for the detection of Ta, T1 and T2 disease
were 20.78%, 50.85% and 25.00% respectively. NMP22
had significantly higher sensitivity for the detection of T1
disease (P<0.001).

Univariate and multivariate logistic regression analysis for
prognostic factors associated with pathologic tumor grading
were presented in Table 3. Univariate and multivariate
logistic regression analysis for prognostic factors associated
with pathologic tumor grade were presented in Table 4.
Univariate analyses suggested age (P<0.001, OR 1.06,
95% CI: 1.03-1.09), gender (P=0.006, OR 2.44, 95%
CI: 1.29-4.63) and NMP22 (P<0.001, OR 5.01, 95% CI:
2.32-10.80) were statistically significantly associated with
pathologic grade, and gender (P=0.014, OR 2.66, 95% CI:
1.22-5.82), NMP22 (P<0.001, OR 3.16, 95% CI: 1.74-5.75)
were statistically significantly associated with pathologic
stage. Multivariate analyses showed that age (P<0.001,
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OR 1.06, 95% CI: 1.03-1.09), gender (P=0.007, OR 2.67,
95% CI: 1.31-5.44) and NMP22 (P<0.001, OR 5.19, 95%
CI: 2.30-11.70) were statistically significantly associated
with pathologic grade, while gender (P=0.016, OR 2.69,
95% CI: 1.20-6.01) and NMP22 (P<0.001, OR 3.11, 95%
CI: 1.69-5.74) were statistically significantly associated
with pathologic grade, suggesting that gender (male) and
NMP22 (positive) might be independent prognostic factors
for T1 bladder cancer. Univariate and multivariate analyses
suggested age was not a prognostic factor for pathologic
stage (P=0.216 and P=0.433 separately), while age (older),
gender (male) and NMP22 (positive) might be independent
prognostic factors for pathologic high-grade bladder cancer.

Discussion

So far, no examination is perfect in the early diagnosis of
bladder cancer. Cystoscopy was the gold standard method,
but it was invasive, expensive, and inconvenient. Cytology
was relatively cheap and convenient, but the sensitivity for
low grade disease was not enough (13). NMP22 as a cheap,
convenient assay with enough sensitivity and specificity, was
recommended for daily practice in some studies (14,15). But
in other studies, it’s reported that its diagnostic performance
was limited (16,17). According to Wang and colleagues’
meta-analysis, the reported NMP22 sensitivity was
extremely varied, among 5.56% to 100% (15). There were
huge differences among conclusions of different studies
as well. In this study, only 66 out of 229 patients with
pathologic confirmed bladder cancer were with positive
NMP22. The sensitivity was 28.82%, and the false negative
rate was 71.18%. We thought this false negative rate was
too high to recommend using NMP22 alone in the early
diagnosis of bladder cancer.

The reason why there is such a large gap in the sensitivity
of NMP22 detection is to start with its detection principle.
NMPs are the non-chromatin network framework of
the nucleus, which determine the morphology of the
nucleus and organize the DNA into three-dimensional
structure (18). They play an important role in the process
of DNA replication, transcription, RNA processing, gene
expression regulation and so on (19). NMPs are a kind
of insoluble proteins, but they can be decomposed in the
process of apoptosis and released into the surrounding
environment. More than ten kinds of NMPs have been
identified, some of which are tissue-specific and tumor
specific. NMP22 is one of many nuclear matrix proteins,
which is specific in urothelial cells. The content of NMP22
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Figure 1 Bar charts presenting the sensitivity of NMP22 for the detection of different diseases in bladder cancer. (A) The sensitivity of

NMP22 for the detection of low-grade disease and high-grade disease were 11.11% and 38.51%, and the corresponding false negative rate
were 88.89% and 61.49%. NMP22 had significantly higher sensitivity for the detection of high-grade bladder cancer (P<0.001). (B) The
sensitivity of NMP22 for the detection of Ta, T1 and T2 disease were 20.78%, 50.85% and 25.00% respectively, and the corresponding false
negative rate were 79.22%, 49.15% and 75.00% respectively. NMP22 had significantly higher sensitivity for the detection of T1 disease

(P<0.001).

in cancerous urothelial cells is 80 times higher than that
in normal cells (8). NMP22 in bladder cancer cells can be
released into the urine in the form of cleavage fragments
or complexes during cell apoptosis. The detection of these
components in urine can help to determine whether there
is bladder cancer or not. However, the disadvantages of
this detection are also obvious. Due to the inconsistent
rate of apoptosis and exfoliation of bladder cancer cells,
the concentration of NMP22 released into urine will also
change constantly. Therefore, the concentration of NMP22
in urine is not stable, but will change with time. For the
same bladder cancer patient, the NMP22 concentration
may be quite different between the first urination in the
morning and the urine excreted after drinking a lot of water
in the afternoon. Repeated tests may improve the detection
rate, but the cost may be unacceptable to patients; at the
same time, there is no relevant research on the relationship
between specific detection times and detection rate. In
addition, the test urine is taken by the patients themselves,
so whether the patients keep the urine according to the
doctor’s instructions is uncertain, which may affect the
experimental results as well. Current clinical studies have
also found this phenomenon. In different studies (15), the
sensitivity and specificity of NMP22 are quite different,
which is also the reason why we believe that there is a risk
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of using NMP22 alone. However, this does not mean that
NMP22 is worthless. During cystoscopy, some early bladder
cancer or carcinoma iz situ may be difficult to detect by
naked eyes, but these tumor cells can release NMP22
into the urine. If combined with cystoscopy and NMP22
detection, the detection rate of bladder cancer could be
significantly increased. Relevant studies have confirmed
that, combined with NMP22 and cystoscopy, the detection
rate of bladder cancer can be as high as 99% (9). Therefore,
it is the most important to fully understand the advantages
and disadvantages of NMP22 test and reasonably apply it in
clinical.

Considering the sensitivity of NMP22 might be different
between different pathologic stages and grades. Jamshidian
and colleagues conducted a research and reported the
sensitivity of the NMP22 for Ta, T1, T2 disease were
31.3%, 90.0% and 66.7% respectively (20). In our study, the
sensitivity of the NMP22 for Ta, T1 and T2 disease were
20.78%, 50.85% and 25.00% respectively. The NMP22
test had significantly higher sensitivity for the detection of
T1 stage tumors (P<0.001). In terms of pathologic grade,
In Jamshidian’s study the sensitivity for grade 1, 2 and 3
disease were 66.7%, 81.8% and 84.6% respectively. In
this study, the positive of NMP22 for low-grade and high-
grade disease were 11.11% and 38.51%. These results
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could not be compared directly since the grading systems
were different, still we can find that the sensitivity of the
NMP22 was significantly higher for the detection of high-
grade disease (P<0.001) in our study. Wang and colleagues’
pooled analyses had similar conclusion (15). Although
the sensitivity of NMP22 was significantly higher in the
detection of T'1 and high-grade bladder cancer, the false
negative rate was too high to recommend using NMP22
alone in the early diagnosis of bladder cancer, as missing the
NMP22 negative tumor was dangerous to any patient.

Detection of NMP22 expression in tissues might increase
the sensitivity of the test, but NMP22 assay is designed
for noninvasive detection of bladder cancer, and this will
lose the significance of NMP22 as a noninvasive test. In
addition, if the tissue has been obtained, the diagnosis
of bladder cancer can be made directly by pathological
analysis, and NMP22 detection is not needed.

The expression of NMP22 in other tumors is related to
the specificity of NMP22 detection. NMP22 is one of many
nuclear matrix proteins, which specifically exists in urothelial
cells. The content of NMP22 in cancerous urothelial
cells is 80 times higher than that in normal cells (8).
Therefore, NMP22 is designed for the detection of
bladder cancer, and the research on NMP22 is almost all
concentrated in the field of bladder cancer. We searched
the relevant reports and found only two studies in other
cancer (21,22). These two studies analyzed the value of
NMP22 in the diagnosis of renal cell carcinoma, and found
that NMP22 might have diagnostic value for renal cell
carcinoma, but there is no follow-up study.

Prognostic factors refer to the factors that can help to
predict the prognosis of patients, usually predict the survival
and recurrence of patients. In this study, we analyzed the
predictive value of NMP22 in the pathological grading
and staging of bladder cancer. That is to say, if NMP22 is
positive, would the patient be more likely to be diagnosed
with bladder cancer of a certain grade and stage. There
are many prognostic factors in bladder cancer, including
oncogene and tumor suppressor gene (Ras, ErbB, Rb, TP53,
p21), cell proliferation and apoptosis related indicators
(Ki-67, Fas, FasL), vascular endothelial growth factor
(VEGF), epidermal growth factor (EGF), transforming
growth factor (TGF), etc. These factors have certain
value in predicting the survival and recurrence of bladder
cancer (23). In terms of the prognostic value of NMP22
for bladder cancer, or the association of the NMP22 and
the pathologic features of bladder cancer, we identified
two previous studies. Zippe and colleagues (24) analyzed

© Translational Cancer Research. All rights reserved.
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18 patients with biopsy confirmed bladder cancer and
312 patients with benign disease of the bladder, and found
there was no difference in NMP22 values when grade I and
II cancers were compared with grade III cancers, and no
significant difference between superficial (Ta/Tis/T'1) versus
invasive cancers (12/7T3). Jamshidian and colleagues (20)
studied 76 patients with bladder cancer and 75 volunteers
without bladder cancer, and found a significant association
between the level of urine NMP22 and pathologic stage
and grade of bladder cancer. In our study, logistic analysis
revealed the NMP22 were independent prognostic factor
for high-grade and T1 bladder cancer. Our conclusion was
different from Zippe’s conclusion, the possible explanation
might be that only 18 patients with bladder cancer were
enrolled in Zippe’s study, and this sample size might be too
limited to detect the significant difference. In Jamshidian’s
study, 75 patients were included, that was a larger sample
size compared with that of Zippe’s study, and the conclusion
was similar with ours. In a word, we had the biggest sample
size and the conclusion was that the NMP22 might be a
prognostic factor for high-grade and T'1 bladder cancer, and
further studies were needed to clarify this conclusion.
However, some weakness could be identified in this study.
This was a retrospective study with limited sample size,
and the patients with T2 disease were not followed, that
meant some patients underwent radical cystectomy might
have different pathologic results latter. The survival was not
analyzed in this study as well, because non-muscle invasive
disease and muscle invasive disease should not be mixed in
the same survival analysis. For patients with non-muscle
invasive disease, the time is not long enough to detect the
difference of survival between NMP22 negative patients and
NMP22 positive patients. For patients with muscle invasive
disease, 16 cases were too small a sample size to detect the
significant difference of their survival. In addition, in this
study, we did not analyze the specificity of NMP22 test in
detecting bladder cancer, for only patients confirmed with
bladder cancer were included. In this retrospective study, all
patients were diagnosed with bladder cancer in outpatient,
admitted to hospital for surgery, and confirmed as bladder
cancer by postoperative pathology. These patients routinely
completed NMP22 examination after admission. The
sensitivity of NMP22 for bladder cancer was calculated by
the formula: number of NMP22 positive bladder cancer
patients/(number of NMP22 positive bladder cancer
patients + number of NMP22 negative bladder cancer
patients) x100%. The specificity formula was: number
of NMP22 positive bladder cancer patients/(number of
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NMP22 positive bladder cancer patients + number of
NMP22 positive healthy patients) x100%. Since we did not
include any patients without diagnosis of bladder cancer, we
did not analyze the specificity of NMP22 detection. Besides,
some influencing factors were not taken into consideration
in this study, for example the smoking status, body mass
index (BMI), etc.

Conclusions

In conclusion, although the sensitivity of NMP22 was
significantly higher in the detection of T'1 and high-grade
bladder cancer, the false negative rate was too high to
recommend using NMP22 alone in the early diagnosis of
bladder cancer. Besides, the NMP22 might be a prognostic
factor for high-grade and T1 disease, but considering the
limitations of this study, further studies are needed to clarify
this conclusion.
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