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Abstract: We aimed to assess the diagnostic value of the nuclear matrix protein 22 (NMP22) test in detecting blad-
der cancer. We searched public databases including PubMed, Springer, MEDLINE, Elsevier Science Direct, Google 
scholar and Cochrane Library published before September 2015. Cystoscopy and voided urine cytology (VUC) were 
golden standards. Sensitivity, specificity, positive likelihood ratio (LR), negative LR and diagnostic odds ratio (DOR) 
of NMP22 test from included studies were meta-analyzed. The summary receiver operating characteristic (SROC) 
curve was constructed, and the area under the curve (AUC) and an index Q* were summarized. Subgroup analyses 
were performed. In addition, Egger’s test was used to detect publication bias. A total of 24 studies consisting of 
8848 patients with bladder cancer were included in the present meta-analysis. The results of sensitivity, specificity, 
positive LR, negative LR and DOR of NMP22 test were 0.71 (95% CI = 0.69 to 0.72), 0.80 (95% CI = 0.79 to 0.81), 
2.99 (95% CI = 2.42 to 3.71), 0.42 (95% CI = 0.35 to 0.50) and 7.45 (95% CI = 5.32 to 10.43) respectively. The 
AUC and Q* index were 0.7846 and 0.7225, respectively. Subgroup analysis suggested that cutoff value might be 
one source of heterogeneity. Egger’s test showed that no publication bias existed (P > 0.05). The NMP22 test may 
be appropriate for detecting bladder cancer, but it cannot replace the cystoscopy and VUC in the clinical diagnosis. 
Further studies are needed to unify the cut-off value and evaluate the diagnostic efficiency of NMP22 test.
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Introduction

Bladder cancer is one of the most common 
cancers occurring worldwide [1], represents an 
important cause of morbidity and mortality [2]. 
Early diagnosis of bladder cancer remains a 
challenge [3]. Cystoscopy is the standard meth-
od for detection of bladder cancer. However, it 
is an invasive, costly and uncomfortable proce-
dure which results in bacteriuria within 48 
hours [4]. A non-invasive urinary marker test 
can improve the diagnosis accuracy of bladder 
cancer by increasing the accuracy of dete- 
ction.

Nuclear matrix protein 22 (NMP22) associates 
with the mitotic apparatus and has been report-
ed as a non-invasive urinary biomarker in de- 

tecting bladder cancer [2]. However, the diag-
nostic value of the NMP22 test for detecting 
bladder cancer is still controversial. Sensitivity 
and specificity of the NMP22 test ranged from 
33% to 100% and from 40% to 93%, respec-
tively [5]. Several studies showed that the 
NMP22 test was an effective and sensitive 
screening test for detecting bladder tumors, 
and it could be used as a substitute for voided 
urine cytology (VUC) [6, 7]. In addition, cystos-
copy is also a tool that used for detection of 
bladder cancer. Some studies showed that the 
NMP22 test could not replace cystoscopy (a 
gold standard for detecting bladder cancer), but 
it could increase the accuracy of cystoscopy 
[8-10]. However, some other studies stated that 
the NMP22 test could not be adopted as a rou-
tine tool for screening or surveillance of the 
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patients with superficial bladder cancer due to 
its poor specificity or sensitivity [11, 12].

In order to synthetically evaluate the diagnostic 
value of the NMP22 test for patients with blad-
der cancer, we systematically reviewed the pub-
lished findings and quantitatively combined the 
results using meta-analysis.

Material and methods

Source of material

We retrieved several public databases, mainly 
including PubMed, Springer, MEDLINE, Elsevier 
Science Direct, Google scholar and Cochrane 
Library published up to September 2015. The 
keywords of “Nuclear matrix protein 22” or 
“NMP22”, or “diagnosis” and “bladder cancer” 
or “bladder carcinoma” or “bladder tumor” and 
“study” or “trial” were used for searching. In 
addition, references from retrieved studies 
were checked to collect additional relevant 
studies. Publication date and publication lan-
guage were not restricted in our research.

Search methods

There were four investigators (author A, B, C 
and D) independently retrieved the electronic 

nsidered as the gold standard for the diagnosis 
of bladder cancer; (3) the NMP22 test for diag-
nosis of bladder cancer was provided in papers; 
(4) the effect sizes were sensitivity, specificity, 
positive likelihood ratio (LR), negative LR and 
DOR. Sample size, gender or ranges of age 
were not limited. We only collected data from 
the full-published papers, and didn’t extract 
any data from meeting or conference abstracts. 
We excluded the reviews, reports and the redu-
plicated studies.

Data extraction and study quality assessment

We extracted data items including study details 
(e.g. the first author’s name, publication year of 
study, location of participants, etc.) and charac-
teristics of subjects (e.g. age, gender and sam-
ple size, etc.). Two investigators (A and D) 
extracted data independently using the stan-
dard protocol, and the third investigator 
reviewed their results. We contacted authors of 
included studies to obtain further information 
that needed clarification. Discrepancies were 
resolved by discussing with our research team 
or contracting with original investigators. We 
recorded the number of true positive (TP), false 
positive (FP), true negative (TN) and false nega-
tive (FN) of the NMP22 test.

Figure 1. The screening and selection process of the included studies.

databases. An independ- 
ent retrieve for PubMed, 
Springer and MEDLINE was 
performed by A and B with 
the same method. An inde-
pendent retrieve for Els- 
evier Science Direct, Goo- 
gle scholar and Cochrane 
Library was performed by C 
and D with the same me- 
thod. The disagreements 
were resolved by discus- 
sion.

Inclusion and exclusion 
criteria of studies

The studies met the follow-
ing criteria were included: 
(1) the investigations of the 
patients with bladder can-
cer and the diagnosis of 
bladder cancer using NM- 
P22 test; (2) cystoscopy or 
VUC are conventionally co- 
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Table 1. Characteristics of the included study

Author, year Country Sample 
size

Male 
(%)

Age, y (mean 
or Min-Max) Gold standard NMP22 detection method Study 

design
Cutoff 
value

NMP22 test
TP FP FN TN

Wiener 1998 Austria 291 68 17-90 Cystoscopy NMP22 test kit CS 10 U/mL 44 62 47 138

Ramakumar 1999 USA 196 78 29-102 Cystoscopy NMP22 test kit CC 10 U/mL 30 56 27 83

Sharma 1999 USA 278 NA NA Office cystoscopy and bladder biopsy NMP22 test kit CS 10 U/mL 28 44 6 200

Giannopoulos 2000 Greece 168 86 66 Cystoscopy NMP22 assay kit CS 10 U/mL 51 37 18 62

Mian 2000 Italy 240 NA 22-92 Cystoscopic and histologic evaluations The NMP22 test (Matritech) CS 10 U/mL 30 39 24 147

Casella 2000 Switzerland 235 70 23-97 Cystoscopy NMP22 test kit CS 10 U/mL 66 18 64 87

Poulakis 2001 Germany 739 66 37-90 Cystoscopy and biopsy NMP22 test kit CS 10 U/mL 321 85 101 232

Gutierrez 2001 Spain 150 NA 20-91 Cystoscopy NMP22 test kit CS 10 U/mL 58 7 18 67

Saad 2002 UK 120 83 30-88 Histology NMP22 test kit CS 10 U/mL 42 9 10 59

Toma 2004 Germany 120 NA NA Cystoscopy The NMP22 test (Matritech) CS 10 U/mL 29 27 13 51

Kumar 2006 India 131 89 32-91 Cystoscopy NMP22 Bladder Chek test kit CS 10 U/mL 39 19 7 66

Sun 2006 China 251 71 33-84 Cystoscopy NMP22 detection kits CC 10 U/mL 117 19 34 81

Hutterer 2008 Canada 2687 75 6-97 Cystoscopy NMP22 test kit CS 10 U/mL 906 284 263 1234

Gupta 2009 India 145 87 25-83 Cystoscopy NMP-22 Bladder Chek test kit CS 10 U/mL 48 20 8 69

Tritschler 2007 Germany 100 71 67.9 Histologic examination NMP-22 Bladder Chek test kit CS 10 U/mL 26 36 14 24

Kehinde 2011 Kuwait 150 NA 16-77 Cystoscopy, bladder biopsy NMP22 qualitative assay kits CS 6 U/mL 51 26 22 51

Kelly JD 2012 UK 1396 62 60.7 Pathological confirmation FDA-approved NMP22H Test Kit CS 10 U/mL 104 192 91 1009

Stampfer 1997 USA 231 72 68 Cystoscopy NMP22 test kit CS 10 U/mL 32 17 34 191

Sankhwar 2013 India 646 44 18-91 Cystoscopy with biopsy NMP22 test kit CS 10 U/mL 44 55 35 512

Landman 1998 USA 77 87 72.3 Pathologic evaluation NMP22 test kit CC 7 U/mL 38 7 9 23

Serretta 1998 Italy 137 89 65 Cystoscopy NMP22 test kit CC 10 U/mL 30 58 12 37

Soloway 1996 USA 112 NA NA Cystoscopy A home NMP22 urine collection kit CS 10 U/mL 23 17 10 62

Li 2013 China 175 142 62.4 (23-89) Final histologic results NMP22 Bladder Chek test kit CS NA 48 5 23 37

Yafi 2015 Canada 109 90 69 (33-96) Cystoscopy with biopsies Commercially available kits CS NA 48 4 35 22
Notes: TP, true positive; FP, false positive; FN, false negative; TN, true negative.
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Figure 2. A. Methodological quality graph; B. Methodological quality summary.
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The Quality Assessment of Diagnosis Accuracy 
Studies (QUADAS-2) [13] was used for the qual-
ity assessment of all the contained studies. 

Statistical analyses

All statistical analyses were performed by using 
the Meta-DiSc software v.1.4 (http://www.hrc.
es/investigacion/metadisc_en.htm) and the 
STATA software package v.11.0 (Stata Cor- 
poration, College Station, TX, USA). The hetero-
geneity was assessed by using Cochran’s 
Q-statistic [14] and I2 test [15]. The effect sizes 
were combined by using random effects model. 
The estimates of the sensitivity, specificity, pos-
itive LR, negative LR, DOR and the correspond-
ing 95% confidence interval (95% CI) for each 
study were pooled. The summary receiver oper-
ating characteristic (SROC) curve was con-
structed to describe diagnostic accuracy over a 
range of threshold values. The area under the 
curve (AUC) and Q* index were summarized. In 
addition, Egger’s test [16] was performed to 
detect the publication bias in this study. All the 
P-values were two-sided, and the P ≤ 0.05 was 
considered statistically significant.

Besides, subgroup analysis was performed 
according to gold standard (Cystoscopy, 
Pathological or Histology), study design (cohort 
study, case-control study) and cutoff value (10, 
others) to explore the influence of these factors 
on the results.

Results

Characteristics of eligible studies

The study selection process was shown in 
Figure 1. A total of 1255 potentially relevant 
studies were retrieved by the search terms 
(PubMed: 251; Springer: 100; Embase: 473; 

Further, 49 studies which did not accord with 
the inclusion criteria were excluded (25 for only 
reported NMP22 data but not for bladder can-
cer; 24 not available data).

Finally, the remained 24 studies [6-12, 17-33] 
were included in the present meta-analysis. 
The characteristics of these studies were 
shown in Table 1. The included studies were 
published between 1998 and 2015. A total of 
8848 patients with bladder cancer were includ-
ed in this meta-analysis. 

The results of quality assessment were shown 
in risk of bias and applicability concern. The 
QUADAS-2 indicated that all 24 studies had 
higher quality, and patient selection, index test, 
reference standard and flow and timing had 
lower risk of bias (Figure 2). 

Meta-analysis 

The overall meta-analysis of bladder cancer 
patients with the NMP22 test was summarized 
in Table 2. We used the random effects model 
(heterogeneity: I2 > 50%, P < 0.01) to combine 
the estimates. The pooled sensitivity (0.71, 
95% CI = 0.69 to 0.72), specificity (0.80, 95% CI 
= 0.79 to 0.81), positive LR (2.99, 95% CI = 
2.42 to 3.71), negative LR (0.42, 95% CI = 0.35 
to 0.50) and DOR (7.45, 95% CI = 5.32 to 
10.43) of NMP22 test were shown in Figure 3. 
It showed that the AUC and Q* index were 
0.7846 and 0.7225, respectively (Figure 4). No 
threshold effects (Spearman correlation coeffi-
cient = 0.077, P = 0.719 > 0.05) were found 
from the SROC curve. 

Subgroup analysis results of the NMP22 test in 
diagnosis of bladder cancer were shown in 
Table 3. The subgroup results based on gold 
standard and study design had no significant 

Table 2. Meta-analysis results of the NMP22 test in diagnosis of 
bladder cancer

Parameter
Test of association Test of heterogeneity

Model
Estimates 95% CI Q P value I2 (%)

Sensitivity 0.71 0.69 to 0.72 170.21 < 0.01 86.5 -
Specificity 0.80 0.79 to 0.81 300.72 < 0.01 92.4 -
Positive LR 2.99 2.42 to 3.71 250.97 < 0.01 90.8 Random
Negative LR 0.42 0.35 to 0.50 199.28 < 0.01 88.5 Random
DOR 7.45 5.32 to 10.43 178.28 < 0.01 87.1 Random
Notes: LR, Likelihood Ratio; DOR, Diagnostic Odds Ratio.

Elsevier Science Direct: 187; 
Google Scholar: 225; Coch- 
rane Library: 19). There were 
246 potentially relevant 
studies after removing dupli-
cates or irrelevant papers by 
reading the title. Then, 173 
articles were excluded by 
screening abstract (54 were 
review articles; 62 not 
included NMP22 test; 57 not 
reported bladder cancer). 
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Figure 3. The pooled sensitivity (A), specificity (B), positive LR (C), negative LR (D) and DOR (E) of NMP22 test in detection bladder cancer.
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difference with the overall meta-analysis 
results. However, significant difference was 
found in others cutoff (except cutoff = 10) 
between subgroup analysis results and overall 
meta-analysis results (P > 0.01).

No evidence of publication bias was found from 
the Egger’s test for this meta-analysis (t = -1.79, 
P = 0.087).

Discussion

Many studies [6, 8, 11] have reported the diag-
nostic value of the NMP22 test in detecting 
bladder cancer, but these studies have shown 
mixed results. In this meta-analysis, we com-
bined 24 separate studies consisting of 8848 
patients to evaluate the diagnostic value of the 
NMP22 test in detecting bladder cancer. The 
results showed that NMP22 test might be 
appropriate for detecting bladder cancer. 

NMP22 is a nuclear protein that is associated 
with chromatid regulation and cell separation 
during replication [34]. NMP22 is released from 
the nuclei of tumor cells after they die, and it 
can be detected in urine. Some studies found 
that urinary levels of NMP22 in patients with 
bladder cancer might be greater than levels in 
healthy subjects [7, 35]. The NMP22 test has 
been used from many clinical studies to screen 
the potential bladder cancer. In this meta-anal-

copy and can be used as an adjunct to the cys-
toscopy which is a gold standard for detecting 
bladder cancer [7].

In this meta-analysis, sensitivity and specificity 
of each study varied in a wide range. It may be 
due to the methodological defects of original 
studies such as cut-off value. A simple variation 
of the cut-off value may result in quite different 
values of sensitivity and specificity without any 
actual change in the underlying test’s accuracy 
[37]. In our included studies, the NMP22 was 
detected with cut-off value vary from 6-10 U/
ml. Meanwhile, sensitivity in one included study 
was 84.21% for NMP22 at the cutoff value of 6 
U/ml and 76.32% with 10 U/ml [18]. Therefore, 
a uniform cut-off value of the NMP22 test is 
important for stability and credibility of the 
sensitivity.

Despite some studies have meta-analyzed the 
diagnostic value of NMP22 test on bladder can-
cer, some significant advances in our study 
should be considered. Our meta-analysis 
included more (24 studies) and newer [8] stud-
ies than previous studies [38-40]. Furthermore, 
these results are in accord with our meta-anal-
ysis. Moreover, no publication bias was 
observed in this study. 

Some limitations of this study should be also 
discussed. Heterogeneity is a common limita-

Figure 4. The summary receiver operating characteristic (SROC) curve. AUC rep-
resent the area under the SROC curve.

ysis, NMP22 test showed 
relatively high sensitivity 
and specificity. However, in 
a recent meta-analysis, 
NMP22 test showed a high-
er sensitivity than VUC 
(0.43, 95% CI = 0.40 to 
0.46) and a lower specifici-
ty than VUC (0.97, 95% CI = 
0.96 to 0.98) and the 
pooled positive LR (10.56, 
95% CI = 6.21 to 17.96), 
negative LR (0.62, 95% CI = 
0.54 to 0.72) and DOR 
(18.24, 95% CI = 10.54 to 
31.57) of NMP22 test were 
all lower than VUC [36]. 
Thus, we conclude that 
NMP22 test cannot be an 
independent tool for detect-
ing bladder cancer. Kumar 
et al. suggest that NMP22 
test cannot replace cystos-
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tion of the meta-analysis [41], and threshold 
effect is one of the main sources of heteroge-
neity in diagnostic meta-analysis. In this study, 
we did not find threshold effects from the SROC 

curve. However, the heterogeneities were high-
ly significant. Thus, we performed subgroup an- 
alysis according to gold standard (Cystoscopy, 
Pathological or Histology), study design (cohort 

Table 3. Subgroup analysis results of the NMP22 test in diagnosis of bladder cancer

Parameter
Test of association Test of heterogeneity

Model
Estimates 95% CI Q P value I2 (%)

All studies
Gold standard
    Cystoscopy (n = 19)
        Sensitivity 0.72 0.70 to 0.74 135.87 < 0.01 86.8 -
        Specificity 0.79 0.78 to 0.80 235.90 < 0.01 92.4 -
        Positive LR 2.96 2.34 to 3.75 197.28 < 0.01 90.9 Random
        Negative LR 0.42 0.35 to 0.52 169.29 < 0.01 89.4 Random
        DOR 7.35 5.03 to 10.73 144.57 < 0.01 87.5 Random
    Pathological or Histology (n = 5)
        Sensitivity 0.64 0.59 to 0.68 23.13 < 0.01 82.7 -
        Specificity 0.82 0.80 to 0.84 58.42 < 0.01 93.2 -
        Positive LR 3.22 1.65 to 6.29 51.87 < 0.01 92.3 Random
        Negative LR 0.41 0.27 to 0.62 21.98 < 0.01 81.8 Random
        DOR 8.08 3.18 to 20.53 28.16 < 0.01 85.8 Random
Study design
    Cohort study (n = 21)
       Sensitivity 0.71 0.69 to 0.73 159.28 < 0.01 87.4 -
        Specificity 0.81 0.80 to 0.82 189.89 < 0.01 89.5 -
        Positive LR 3.24 2.66 to 3.94 158.32 < 0.01 87.4 Random
        Negative LR 0.41 0.34 to 0.49 174.54 < 0.01 88.5 Random
        DOR 8.39 6.07 to 11.59 130.82 < 0.01 84.7 Random
    Case-control (n = 3)
        Sensitivity 0.67 0.59 to 0.75 9.90 < 0.01 79.8 -
        Specificity 0.54 0.48 to 0.60 17.12 < 0.01 88.3 -
        Positive LR 1.58 0.97 to 2.58 10.37 < 0.01 80.7 Random
        Negative LR 0.55 0.28 to 1.05 11.08 < 0.01 82.0 Random
        DOR 3.05 0.96 to 9.69 11.94 < 0.01 83.2 Random
Cutoff value
    10 U/mL (n = 20)
        Sensitivity 0.71 0.70 to 0.73 160.82 < 0.01 88.2 -
        Specificity 0.80 0.79 to 0.81 290.26 < 0.01 93.5 -
        Positive LR 2.95 2.34 to 3.73 243.33 < 0.01 92.2 Random
        Negative LR 0.42 0.35 to 0.52 194.30 < 0.01 90.2 Random
        DOR 7.24 4.99 to 10.52 173.07 < 0.01 89.0 Random
    Others (n = 4)
        Sensitivity 0.68 0.62 to 0.73 7.77 0.05 61.4 -
        Specificity 0.76 0.69 to 0.82 8.82 0.03 66.0 -
        Positive LR 3.21 1.94 to 5.33 7.21 0.07 58.4 Random
        Negative LR 0.40 0.33 to 0.49 4.87 0.18 38.4 Fixed
        DOR 7.80 5.03 to 12.09 4.99 0.17 39.9 Fixed
Notes: LR, Likelihood Ratio; DOR, Diagnostic Odds Ratio.
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study, case-control study) and cutoff value (10, 
others) to explore the influence of these factors 
on the results. The subgroup analysis results 
had no significant difference with overall meta-
analysis results and heterogeneities remained 
highly significant. It suggested that gold stan-
dard and study design were not the source  
of heterogeneities. Significant difference was 
found in others cutoff (except cutoff = 10) 
between subgroup analysis results and overall 
meta-analysis results, and thus cutoff value 
may be one source of heterogeneity. Furth- 
ermore, distinct NMP22 test kits, enzyme-
labeled instruments and ethnicities among the 
studies also may be the source of heterogene-
ity. In addition, we didn’t evaluate the tumor 
grade, stage, and recurrence. In one contained 
study, the sensitivity increased with the rising 
of tumor grade and stage and was higher in 
recurrence group than in non-recurrence group 
[25]. These factors may affect the diagnosis 
accuracy of the NMP22 test.

In conclusion, our study shows that the NMP22 
test may be appropriate for detecting bladder 
cancer, but it cannot replace the cystoscopy 
and VUC in the clinical diagnosis. Further stud-
ies are needed to unify the cut-off value and 
evaluate the diagnostic efficiency of the NMP22 
test in detection of the bladder cancer.
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