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Abstract

Purpose: To compare and analyze the diagnostic efficacy of nuclear matrix protein

22 (NMP22) and urine cytology (UC) in the diagnosis of bladder cancer.

Methods: Search the Chinese and English studies on NMP22 and urinary cytology in

the diagnosis of bladder tumors published between 1999 and June, and conduct

quality evaluation, data extraction and analysis.

Results: A total of 397 related articles were retrieved, and 12 articles were finally

included after screening, including 2456 subjects. The heterogeneity test shows that

there is no discernible threshold effect. Perform meta-analysis according to the ran-

dom effects model. The results showed that the total sensitivity of NMP22 and UC

were 0.79 (95% CI [0.73, 0.84]) (CI: Confidence interval), 0.55 (95% CI [0.41, 0.69]),

and the total specificity 0.59 (95% CI [0.46], respectively, 0.71), 0.91 (95% CI (0.81,

0.96]), +LR 1.9 (95% CI [1.4, 2.6]) (+LR: positive likelihood ration), 5.9 (95% CI [3.3,

10.6]), �LR 0.35 (�LR: negative likelihood ration), respectively (95% CI [0.27, 0.47]),

0.49 (95% CI [0.38, 0.64]), diagnostic odds ratios 5 (95% CI [3, 9]), 12 (95% CI

[7, 21]). The area under the summary receiver operating characteristics curve (AUC)

was 0.79 (95% CI [0.75, 0.82]) and 0.81 (95% CI [0.77, 0.84]), respectively.

Conclusions: NMP22 has moderate diagnostic efficiency for bladder cancer. Its sensitiv-

ity is greater than UC, but its specificity is significantly lower than that of UC. At present,

it cannot replace traditional cystoscopy and UC, but it can be combined to detect blad-

der tumors. It plays a major role in screening, postoperative monitoring and follow-up.
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Bladder cancer is part of the common malignant tumors of the genito-

urinary system in our country. It is under a very high incidence and fatal-

ity rate in our country, and its prevalence is rising all over the world,

especially in developed countries.1 According to data released in 2019,2

the Morbidity of bladder cancer in my country in 2015 was 5.80 per

100,000, and the mortality rate was 2.37 per 100,000. Both of them

ranked 13th in systemic malignancy. The incidence rate for male and

female bladder cancer was 8.83/100,000 and 2.61/100,000; the mortal-

ity rate for men and women was 3.56/100,000 and 1.11/100,000

respectively. According to GLOBOCAN 2020 global cancer statistics,Wang Jie and Zhao Xi contributed equally to this study.
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there are approximately 573,000 new cases and 213,000 death. Males

are more common than in women. The morbidity and mortality rates for

men are 9.5 and 3.3 per 100,000, respectively, which is about four times

that of women worldwide.3 Early detection, diagnosis, and timely inter-

vention are the keys to lower the risk of bladder tumor recurrence and

progression. Many novel tumor markers have been discovered since the

1990s, and many have been approved by the FDA for early screening

and postoperative monitoring of cystic cancer. Markers such as Fluores-

cence in situ hybridization (FISH), nuclear matrix protein 22 (NMP22),

bladder tumor antigen (BTA stat, BTA TRAK), immune cells/UCYT+ and

cytokeratin (CK-18, CK-20, and CYFRA21-1) can be used for urinary

system tumors.4 However, these tumor markers have their specific

shortcomings.5 For example, sensitivity and specificity of cystoscopy are

good, but it is an invasive examination, which will bring certain pain to

the patient, and may cause iatrogenic injury and infection. Urine cytol-

ogy (UC) is non-invasive and highly specific, but it is greatly affected by

factors such as the operator's experience, and its sensitivity is low. Espe-

cially for the screening of low grade tumors, it may be affected by uri-

nary tract infections, kidney stone, and interference with bladder

perfusion therapy.6 Therefore, there is a need to search for a bladder

tumor marker with high sensitivity and specificity to replace the current

invasive cystoscopy and UC detection method with poor sensitivity.

Nuclear matrix protein (NMP) was first set out in 1974. It is a non-

chromatin structure present in the nucleus of tumor cells. After cell

death, NMP22 is released and is available in human urine in the form of

soluble complexes or fragments. In liquid, its concentration in urothelial

cancer cells is 25 times that of normal cells.7 At the same time, urine

NMP22 values of patients with bladder tumors have no correlation with

serum NMP22 values. Urinary NMP22 is directly released by tumor

cells, so the test results are more reliable. In recent years, there have

been a lot of clinical studies on NMP22 in non-invasive bladder tumor

screening and monitoring. NMP22 is considered to be an efficient sub-

stitute, either alone or in combination with UC. It is utilized to the diag-

nosis and screening of bladder tumors, grading and staging and

predicting prognosis.8 However, the results of some randomized,

double-blind trials showed that the results of its diagnostic accuracy

were inconsistent and fluctuating, causing clinicians to doubt the value

of its diagnosis and screening. Based on this, this study conducted a sys-

tematic analysis of literature data on bladder cancer diagnosis by com-

paring relevant NMP22 and urinary cytology (UC) at home and abroad,

and using cystoscopy or pathological examination as the gold standard

to clarify its diagnostic value for bladder tumors, thus to provide a theo-

retical basis for the clinical diagnostics and treatment of bladder tumors.

1 | MATERIALS AND METHODS

1.1 | Inclusion and exclusion criteria

1.1.1 | Criteria for inclusion and exclusion of
research subjects

1. The results of cystoscopy biopsy or postoperative pathological

examination were used as the diagnostic gold standard, and the

research subjects were patients diagnosed with or without bladder

tumors by the gold standard;

2. UC check as a control group;

3. The study content provides the number of true positive, true nega-

tive, false positive, and false negative cases, or the complete data

of the four-diagnosis table can be obtained by calculation.

Exclusion criteria:

1. The gold standard is not the above-mentioned histological evi-

dence. The research subjects also have other urogenital tumors

such as renal pelvis and ureter cancer, and independent bladder

tumor data cannot be obtained;

2. Case report, review, conference abstract, non-clinical research lit-

erature, degree papers, and so forth;

3. The information provided is incomplete, and key data cannot be

obtained.

1.1.2 | Measurement index

Sensitivity, specificity, +LR, �LR, diagnostic odds ratio (DOR), and

summary receiver operating characteristics (SROC) area under

curve (AUC).

1.2 | Search strategies

We systematically searched PubMed, Embase, Cochrane Library, the

Web of Science, Wanfang, and CNKI from January 1999 to June

2021. Search terms included: “Urinary Bladder Neoplasms”, “Bladder
Neoplasms”, “Bladder Tumors”, “Urinary Bladder Cancer”, “Malignant

Tumor of Urinary Bladder”, “Cancer of the Bladder”, “Bladder Can-

cer”, “Nuclear matrix protein 22”, “NMP-22”, “urine cytology”, and
the language is limited to Chinese and English.

1.3 | Research methodology

1.3.1 | Literature selection

Strictly select the literature depending on the inclusion and exclusion

criteria. Two researchers independently screen the literature and

remove the data. If there is a disagreement and it is difficult to assess

whether to include it in the trial or not, the solution will be discussion

or consultation with experts.

1.3.2 | Evaluation of literature quality

For the included studies, we use quality assessment of diagnostic

accuracy studies-2 (QUADAS-2) in the Revman5.3 software.9,10 To

complete the evaluation of the two core aspects, the risk of bias and

applicability, based on the description of the four key domains of case
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selection: test to be evaluated, gold standard, case flow, and progress,

and the answers to the questions in each domain. The risk of bias and

applicability of each field of the original research were thus finally

concluded “High”, “Low” or “Unclear.”

1.3.3 | Data extraction and statistical analysis

The main contents of the data extraction include: title, author, year of

publication, sample size, age, diagnosis four-fold table, data of case

group and control group, and heterogeneity test and meta analysis

result through Stata14 and RevMan5.3. The heterogeneity test

includes threshold and non-threshold effects, and the SROC curve is

drawn to test whether there is heterogeneity caused by the threshold

effect; the chi-square test and Q test are used for each effect size to

detect whether there are other non-threshold effects that cause het-

erogeneity sex. If there is a non-threshold effect, select an appropriate

model to merge according to the degree of heterogeneity. If P > .100

and I2 < 50%, use a fixed effects model for Meta analysis, otherwise

use a random effects model for meta analysis. Calculate the combined

sensitivity, specificity, +LR, �LR, DOR, draw a comprehensive

receiver operating characteristic curve and calculate the curve under

the curve area AUC. Simultaneously conduct meta regression and sen-

sitivity analysis to identify the source of heterogeneity. In addition,

draw a Deek funnel chart to analyze the publication bias of the study.

If P < .10, it indicates that there is a certain publication bias. Draw a

Fagan diagram to assess the clinical application value of NMP22 and

UC, and P < .05 is examined statistically significant.

F IGURE 1 Flow chart of the inclusion and exclusion of the relevant studies
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2 | RESULTS

2.1 | Literature search results

Results of the literature search 397 relevant literatures were

retrieved, including 86 English literatures and 311 Chinese litera-

tures. In strict accordance with the inclusion and exclusion criteria,

385 documents that did not meet the requirements such as dupli-

cate documents, reviews, non-clinical research documents, and dis-

sertations were removed, and 12 documents were finally

included,11–22 which included 2456 cases of study objects. All tests

directly provide or can be calculated to obtain the complete data of

the four-diagnosis table, and all evidence such as cystoscopy biopsy

or postoperative pathological examination results is used as the gold

standard. Refer to Figure 1 for details of the research content litera-

ture screening process. The basic characteristics of the included

studies are presented in Table 1.

2.2 | Quality evaluation

The quality evaluation bar chart is depicted in Figure 2, and the risk

bias entry and adaptability summary chart is shown in Figure 3.

2.3 | Bias analysis

1. Among the 12 included articles, most of them did not carry out or

mention whether random sampling was carried out, and the possi-

bility of selection bias was high;

2. Some experimental groups included patients with clear diagnosis,

and the control group included some studies that did not use or

mention whether blinding was used when judging the results of

the experiment to be evaluated, which may cause bias;

3. NMP22 test and urine exfoliation cytology test The results need

to be interpreted manually, and measurement bias may occur;

4. The urine collection method has been limited to the patient to uri-

nate, so the possibility of confounding bias is small;

5. All patients only accepted the same gold standard, therefore the

possibility of verification bias is small;

6. Although extensive search strategies are adopted, there are still

some documents that are not available. Therefore, potential publi-

cation bias cannot be ruled out and should be considered when

applying research results.

2.4 | Analysis of heterogeneity

2.4.1 | Threshold effect

In this article, the SROC curve is drawn to find out if there is hetero-

geneity caused by the threshold effect. When there is a threshold

effect, sensitivity and specificity are adversely correlated (positively T
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correlated with l-specificity), and the results show (Figure 4) that the

sensitivity and specificity of NMP22 and UC are not significantly neg-

atively correlated. If the SROC curve does not show a typical “shoul-
der-arm-like” distribution, there is no heterogeneity caused by

threshold effect in NMP22 and UC.

2.4.2 | Non-threshold effects

Use Stata14 software to test the heterogeneity of other sources, the

results show: NMP22 and UC combined sensitivity, specificity, +LR,

�LR, DOR, and so forth. Q test P < .01, indicating the heterogeneity

among the included studies is statistically significant, I2 > 50%, indicat-

ing that the heterogeneity is more obvious11 (Figures 5–9), so the ran-

dom effects model combined with effect size was used for meta

analysis.

F IGURE 3 Summary chart of risk bias entries and adaptability
[Color figure can be viewed at wileyonlinelibrary.com]

F IGURE 4 SROC curve of NMP22 and urine cytology [Color
figure can be viewed at wileyonlinelibrary.com]

F IGURE 2 Bar graph of quality evaluation [Color figure can be viewed at wileyonlinelibrary.com]
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F IGURE 5 Forest plot of meta analysis of sensitivity and specificity of NMP22 in diagnosing bladder cancer [Color figure can be viewed at
wileyonlinelibrary.com]

F IGURE 6 Forest plot of meta analysis of sensitivity and specificity of urine cytology for diagnosis of bladder cancer [Color figure can be
viewed at wileyonlinelibrary.com]
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2.5 | Results of statistical analysis

Since the heterogeneity test indicated that the effect sizes were het-

erogeneous across studies, meta-analysis was performed using a ran-

dom effects model, and the total sensitivity of NMP22 and UC was

calculated to be 0.79 (95% CI [0.73, 0.84]), 0.55 (95% CI [0.41, 0.69]),

total specificity was 0.59 (95% CI [0.46, 0.71]), 0.91 (95%CI [0.81,

0.96]), +LR of 1.9 (95%CI [1.4, 2.6]), 5.9 (95%CI [3.3, 10.6]), �LR of

0.35 (95%CI [0.27, 0.47]), 0.49 (95%CI [0.38, 0.64]), with diagnostic

odds ratios of 5 (95% CI [3, 9]), 12 (95% CI [7, 21]), and area under

the SROC curve (AUC) of 0.79 (95% CI [0.75, 0.82]), 0.81 (95% CI

[0.77, 0.84]), respectively. The larger the area under the SROC curve,

that is, the closer the curve is to the upper left corner. It indicates that

the inspection method has better diagnostic performance12 . Compar-

ing the area under the SROC curve (AUC) of the NMP22 test and UC,

it can be assumed that the overall diagnostic efficiency of UC for blad-

der cancer is higher than that of NMP22 (Figures 4 and 9).

2.6 | Meta regressions

The results obtained by combining each subgroup separately, and the sta-

tistical test P value of the difference between each subgroup are given in

Table 2. As can be seen in Figure 10 and Table 2, for the sensitivity, the

prodesign variable (P = .01) and the subject variable (P = .03), the differ-

ence between the subgroups is statistically significant. According to the

results of meta regression, we can conclude that its sensitivity is much

affected by the type of study and the detailed description of the charac-

teristics of the study population. Regarding the specificity, there was no

statistically significant difference between the subgroups.

2.7 | Sensitivity analysis

In order to evaluate whether the results of this meta are stable, a sensitiv-

ity analysis was carried out. The 12 included studies were eliminated one

by one, and the remaining studies were re-analyzed. The results show that

there are no significant change in the amount of each effect before and

after the elimination, indicating that the results of this study are stable.

2.8 | Evaluation of publication bias

The Deek funnel chart and asymmetry test of NMP22 and UC test were

drawn by Stata14. The consequences of the asymmetry test were P = .70

and P = .09, so there was no obvious publication bias (Figure 11).

F IGURE 7 Forest plot of meta-analysis of the likelihood ratio of positive and negative NMP22 diagnosis of bladder cancer [Color figure can
be viewed at wileyonlinelibrary.com]
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F IGURE 8 Forest plot of meta-analysis of likelihood ratios of positive and negative urinary cytology for diagnosis of bladder cancer [Color
figure can be viewed at wileyonlinelibrary.com]

F IGURE 9 Comparison of the area under the curve of NMP22 (left) and urine cytology (right) SROC curve [Color figure can be viewed at
wileyonlinelibrary.com]
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2.9 | Clinical application value

Draw Fagan charts, set the pre-test probability of 58%, and then sup-

plement with the detection of NMP22 and UC. When the two tests

are positive, the accuracy of diagnosing bladder cancer is 73% and

89%, respectively; When the test is negative, the accuracy of diagnos-

ing bladder cancer is 33% and 40% (Figure 12), indicating that the two

have good accuracy in diagnosing bladder cancer.

TABLE 2 Single factor regression
results of sensitivity and specificity

Parameter Category Studies (n) Sensitivity p1 Specificity p2

Prodesign Yes 7 0.79 (0.72–0.85) 0.01 0.66 (0.51–0.81) 0.51

No 5 0.79 (0.70–0.88) 0.50 (0.32–0.68)

Index Yes 11 0.79 (0.73–0.85) 0.19 0.58 (0.45–0.71) 0.55

No 1 0.79 (0.64–0.94) 0.70 (0.34–1.00)

Reftest Yes 1 0.79 (0.56–1.00) 0.58 0.43 (�0.02–0.89) 0.48

No 11 0.79 (0.73–0.84) 0.61 (0.48–0.73)

Subject Yes 8 0.82 (0.77–0.87) 0.03 0.62 (0.48–0.76) 0.62

No 4 0.73 (0.65–0.82) 0.50 (0.29–0.71)

F IGURE 10 Univariable
meta-regression and subgroup
analyses [Color figure can be

viewed at wileyonlinelibrary.com]
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F IGURE 11 Deek funnel chart and asymmetry test of NMP22 (left) and urine cytology (right) [Color figure can be viewed at
wileyonlinelibrary.com]

F IGURE 12 Pre-test probability and post-test probability calculation diagram of NMP22 (left) and urine cytology (right) [Color figure can be
viewed at wileyonlinelibrary.com]
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3 | DISCUSSION

Bladder cancer is part of the widespread malignancy of the genitouri-

nary system in our country, and its morbidity and mortality rates are

extremely high in our country. At present, common screening methods

for bladder tumors have their own advantages and disadvantages. The

current research results on the diagnostic value of NMP22 are not the

same. Based on this, this study systematically analyzed the literature

data of NMP22 and UC in the diagnosis of bladder neoplasms to clarify

its diagnostic value for bladder neoplasms and provide a theoretical

basis for clinical diagnosis and treatment of bladder neoplasms.

We used Stata14 and Revman5.3 software to systematically eval-

uate the value of NMP22 and UC in the diagnosis of bladder neo-

plasms. The results showed that the sensitivity of NMP22 and UC

were 0.79 and 0.55, the specificity was 0.59 and 0.91, the diagnostic

odds ratio was 5 and 12, and the area under the SROC curve (AUC)

was 0.79 and 0.81. It can be seen that NMP22 and UC are of medium

efficiency in diagnosing bladder tumors, and the former is slightly

lower than the latter, the sensitivity is higher than the latter, and the

specificity is significantly lower than the latter. However, some studies

have shown that NMP22 had better specificity than sensitivity. For

example, the results of both Rhijn, Bwgv et al., and MT Sajid et al.,

showed that the sensitivity of NMP22 was lower than the specificity,

the reason may be related to the different selected thresholds

between the studies and the differences in the number of

patients.13,14 In the SF Shariat study, NMP22 predicted bladder can-

cer with equal sensitivity and specificity at a threshold of 6.5 U/ml,

and was preferable to the 10 U/ml cut-point across all pathological

stages and grades.15

From the results of meta analysis alone, the diagnostic efficiency

of NMP22 is not high, and it cannot replace cystoscopy and patholog-

ical examination to diagnose and screen bladder tumors alone; but

from the perspective of clinical application value, the pre-test proba-

bility is set to 58%, and the pre-test probability is set to 58%. The

Fagan chart shows that when the two tests are positive, the accuracy

of diagnosing bladder cancer is 73% and 89%, respectively; when the

two tests are negative, the accuracy of diagnosing bladder cancer is

33% and 40%, respectively (Figure 12), suggesting that the two have

good accuracy in diagnosing bladder cancer and have good clinical

application value, so they are of great significance as a non-invasive

examination for bladder tumor screening.

Among the 12 documents included in this study, there are some

variations in sensitivity and specificity, which may be attributed to the

following reasons:

1. Most of the 12 documents included did not carry out or mention

whether random sampling was carried out;

2. Part of the research experimental group included patients with a

clear diagnosis, and the control group included suspected patients

or even normal people, urinary tract infections, other benign dis-

eases, and so forth;

3. Some studies did not use or mention whether blinding was used

during the research process;

4. Different experimental designs and test methods in each study,

that is, differences in methodological quality.

In addition, this study also has the following limitations:

1. The quality of the literature: (a) The number of included literature

is small, and the sample size of each study is small; (b) The study

only includes articles published in Chinese and English, and there is

a certain selection bias; (c) Although an extensive search strategy

was adopted, the Deek funnel chart and asymmetry test showed

no obvious publication bias, but there are still some gray literatures

that cannot be obtained, so the potential publication bias cannot

be ruled out; (d) In the included studies, the population age, age,

and asymmetry cannot be ruled out. The descriptions of gender

and testing methods are relatively good, but there are few reports

on race, medical environment, and so forth.

2. The heterogeneity of the literature: The results of this study sug-

gest that there is no heterogeneity caused by the threshold effect,

but there is heterogeneity caused by other reasons (Q test P < .01,

I2 > 50%). The meta-regression found that the heterogeneity is

mainly caused by the type of experimental research included in the

study and whether the population characteristics are described in

detail.

3. Due to the limitation of the information included in the literature,

the sensitivity of the various pathological grades and stages of

bladder cancer, the initial and recurrent tumors, and the combined

analysis were not performed. NMP22 and urinary cytology were

used to analyze the initial and recurrence of bladder cancer. The

diagnostic value of this method needs to be further studied and

analyzed.

The advantages of this study are as follows:

1. Strictly follow the inclusion criteria and exclusion criteria to screen

the literature, and the quality of the included literature is generally

better;

2. Perform meta regression, sensitivity analysis and publication bias

detection, and further evaluation and analysis results are more sta-

ble, reliable;

3. Drawing Fagan chart shows that NMP22 and UC have good clini-

cal application value.

Yang Qing et al.,16 studied the combined application of NMP22

and UC to detect hematuria specimens, and the results showed that

42% of missed tumors were found in UC, and 37% of tumors that

were missed in cytology were found in NMP22. In this experiment,

the sensitivity of NMP22 combined with urine exfoliated cytology

was 91.7%, which was significantly better than NMP22 and UC alone,

but the specificity decreased. Adding the NMP22 test to the MME's

marking standards can improve diagnostic accuracy.17 Research by

Chen Qiang et al., showed that the sensitivity of NMP22 to diagnose

the recurrence of patients with low- and medium-risk bladder neo-

plasms is significantly better than that of UC.18 Research by Binnur
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Önal et al., showed that the NMP22 values displayed higher sensitiv-

ity for low-grade UC while cytology was highly sensitive and specific

for detection of high-grade UC. Combining urine NMP22 assay with

atypical cytology improved sensitivity for detection of recurrent

UC.19The results of Narmada PG et al.,20 showed that adding NMP22

to UC can improve the sensitivity of recurrence detection in patients

with superficial transitional cell bladder cancer, which is comparable

to that of patients with negative NMP22 test results. Compared with

patients who test positive for NMP22, the risk of recurrence within

1 year is higher (9.57 times).

Detection of UC relies on the non-adherence of high-grade

urothelial cells, which are readily sloughed into the urethra for micros-

copy. However, low-grade urothelial tumor cells showed substantial

cytomorphological overlap with benign urothelial cells and were more

cohesive.21 Therefore, UC has poor sensitivity and specificity for low-

grade urothelial neoplasms (LGUN) and high sensitivity and specificity

for high-grade urothelial carcinoma (HGUC). Therefore, UC is mainly

used to detect high-grade lesions. Because of the difficulty in detecting

low-grade urothelial tumors in UC specimens, the performance of UC to

detect all urothelial carcinomas is generally inferior to that of only high-

grade lesions.22,34 At the same time, the naturally shed cells in the urine

are consistently exposed to the toxic substances in the urine, which can

be also given an impact on the results of the study. Prior to the imple-

mentation of The Paris System for Reporting Urinary Cytology (TPS),

most studies focused on detecting all urothelial cancers regardless of

tumor grade, whereas after TPS was implemented, it focused on diag-

nosing high-grade rather than low-grade urinary epithelial carcinoma, so

it is difficult to directly compare the results before and after the imple-

mentation of TPS. There are several studies investigating the use of TPS

in upper urinary tract specimens showing that the implementation of

TPS improves the detection performance of UC and increases the iden-

tification of high-grade lesions.22,35 This may be the reason why most

studies only focus on UC in urothelial carcinoma, and few separate ana-

lyses of low-grade and high-grade lesions. Then, it is not appropriate to

simply compare UC, which is mainly used to detect high-grade lesions,

with other auxiliary tests that can detect both low-grade and high-grade

lesions. Therefore, we should actively look for combined detection indi-

cators to make up for the deficiency of UC in detecting low-grade

lesions, rather than simply comparing the sensitivity and specificity of

UC with additional auxiliary tests.

In summary, NMP22 has a certain value in screening for bladder

tumors. It is more sensitive to the diagnosis of recurrence in patients

with moderate and low-risk bladder neoplasms than urinary cytology,

which has important clinical significance. Although its overall sensitiv-

ity is better than UC, its specificity is not as good as UC, and it is still

difficult to replace cystoscopy and UC. The two can be combined to

improve the diagnostic efficiency of bladder cancer. As the research

content continues, NMP22 will have a broader application prospect

as a clinical tumor marker for screening, postoperative monitoring and

follow-up of bladder neoplasms.

CONFLICT OF INTEREST

The authors declare no conflicts of interest.

AUTHOR CONTRIBUTION

Wang Jie: Find a research direction; design research; collect and orga-

nize data; analyze data individually; writing–original draft; writing–

review and editing. Zhao Xi: Study conceptualization; collect and orga-

nize data; analyze data individually; writing–review and editing. Jiang

Xiaolei: Study conceptualization; data curation; study supervision.

Yuan Qiang: Collect relevant literature; study conceptualization; study

supervision; resolve existing differences. Li Jiabing: Study conceptuali-

zation; study supervision; resolve existing differences; writing–review

and editing.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ORCID

Jiabing Li https://orcid.org/0000-0002-7772-9292

REFERENCES

1. Crispen PL, Kusmartsev S. Mechanisms of immune evasion in bladder

cancer. Cancer Immunol Immunother. 2020;69(1):3–14.
2. Chen W, Zheng R, Baade PD, et al. Cancer statistics in China, 2015.

Ca-Cancer J Clin. 2016;66(2).115–132.
3. Sung HA-O, Ferlay J, Siegel RA-O, et al. Global cancer statistics

2020: GLOBOCAN estimates of incidence and mortality worldwide

for 36 cancers in 185 countries. CA Cancer J Clin. 2021;71(3):

209-249.

4. Rouprêt M, Babjuk M, Burger M, et al. European Association of Urol-

ogy guidelines on upper urinary tract urothelial carcinoma: 2020

update. Eur Urol. 2021;79(1):62–79.
5. Liang Q, Zhang G, Li W, et al. Comparison of the diagnostic perfor-

mance of fluorescence in situ hybridization (FISH), nuclear matrix pro-

tein 22 (NMP22), and their combination model in bladder carcinoma

detection: a systematic review and meta-analysis. OncoTargets Ther.

2018;12:349–358.
6. Lokeshwar VB, Habuchi T, Grossman HB, et al. Bladder tumor

markers beyond cytology: international consensus panel on bladder

tumor markers. Urology. 2005;66:35-63.

7. Soedarso MA, Wahyuni Y, Tjahjati MI. Comparison of nuclear matrix

Protein-22 and urine cytology in diagnosing bladder cancer. Indones J

Cancer. 2019;12(3):76.

8. Mati Q, Qamar S, Ashraf S, et al. Tissue nuclear matrix protein expres-

sion 22 in various grades and stages of bladder cancer. J Coll Physi-

cians Surg Pak. 2020;30(12):1321-1325.

9. Lan WU, Zhang Y, Zeng XT. The QUADAS-2 tool for the quality

assessment of diagnostic accuracy study:an introduction. J Hub Univ

Med. 2013;3:201-208.

10. Wade R, Corbett M, Eastwood A. Quality assessment of comparative

diagnostic accuracy studies: our experience using a modified version

of the QUADAS-2 tool. Res Synth Meth. 2013;4(3):280–286.
11. Zhang TS, Liu JB, Zhong WZ. Application of Stata in exploring sources

of heterogeneity: meta-regression analysis. J Evidence-Based Med.

2009;9(1):48–50.
12. Walter SD & Macaskill P SROC curve. INF Healthcare 2010.

13. Rhijn B, Poel H, Kwast T. Cytology and urinary markers for the diag-

nosis of bladder cancer. Eu Urol Suppl. 2009;8(7):536-541.

14. Sajid MT, Zafar MR, Ahmad H, et al. Diagnostic accuracy of NMP

22 and urine cytology for detection of transitional cell carcinoma uri-

nary bladder taking cystoscopy as gold standard. Pak J Med Sci. 2020;

36(4):705–710.

WANG ET AL. 311

https://orcid.org/0000-0002-7772-9292
https://orcid.org/0000-0002-7772-9292


15. Shariat SF, Casella R, Wians FH, et al. Risk stratification for bladder

tumor recurrence, stage and grade by urinary nuclear matrix protein

22 and cytology. Eu Urol. 2004;45(3):304-313.

16. Yang Q, Li J, Liang CC. The value of nuclear matrix protein 22 com-

bined with urine exfoliative cytology in the diagnosis of bladder can-

cer. Acta Univ Med Anhui. 2012;47(002):220-222.

17. Cho E, Bang CK, Kim H, et al. An ensemble approach of urine sedi-

ment image analysis and NMP22 test for detection of bladder cancer

cells. J Clin Lab Anal. 2020;34(8):e23345.

18. Chen Q, Li G, Zhang Y, et al. The value of nuclear matrix protein 22 in

the diagnosis of bladder cancer. Contemp Med Symp. 2019;08:

187-188.

19. Önal B, Han Ü, Yilmaz S, et al. The use of urinary nuclear matrix pro-

tein 22 (NMP22) as a diagnostic adjunct to urine cytology for moni-

toring of recurrent bladder cancer—institutional experience and

review. Diagnos Cytopathol. 2015;43(4):307-314.

20. Gupta NP, Sharma N, Kumar R. Nuclear matrix protein 22 as adjunct

to urine cytology and cystoscopy in follow-up of superficial TCC of

urinary bladder. Urology. 2009;73(3):592-596.

21. Allison D, Vandenbussche C. A review of urine ancillary tests in the

era of the Paris system. Acta Cytol. 2019;64(1–2):1-11.
22. Zhang ML, Rosenthal DL, VandenBussche CJ. The cytomorphological

features of low-grade urothelial neoplasms vary by specimen type.

Cancer Cytopathol. 2016;124(8):552-564.

23. Sajid MT, Zafar MR, Ahmad H, et al. Diagnostic accuracy of NMP

22 and urine cytology for detection of transitional cell carcinoma uri-

nary bladder taking cystoscopy as gold standard. Pak J Med Sci. 2020;

36(4):705–710.
24. Zhou W. Clinical application of urine nuclear matrix protein 22 in the

diagnosis of bladder cancer. China Mod Doct. 2018;16:132-134.

25. Yu SG, Pan X. The value of nuclear matrix protein 22 combined with

urine exfoliated cytology in the diagnosis of bladder cancer. Mod

Diagn Treat. 2017;2:351-352.

26. Li HY, Chen T, Liu XHJPC. The clinical application of urinary nuclear

matrix protein-22 determination in bladder cancer. Pract Clin J Integr.

2016;16(11):57-59.

27. Zhang HQ, Yu QL, Liu P, et al. Clinical study of nuclear matrix protein

in urine for detection of bladder cancer. Chin Med. 2008;003(012):

740-741.

28. Kapila K, Kehinde EO, Anim JT, et al. Could nuclear matrix protein

22 (NMP22) play a role with urine cytology in screening for bladder

cancer? - experience at Kuwait University. Cytopathology. 2008;19(6):

369-374.

29. You R, Song WD, Ding YJCJU. Comparison between nuclear matrix

protein 22 (NMP 22) test and voided urine cytology for detection of

bladder cancer. Chin J Urol. 2003;24(11):751-752.

30. Parekattil SJ, Fisher HAG, Kogan BA. Neural network using combined

urine nuclear matrix protein-22, monocyte chemoattractant protein-1

and urinary intercellular adhesion molecule-1 to detect bladder can-

cer. J Urol. 2003;169(3):917-920.

31. Su CK, Yang CR, Horng YY, et al. NMP22 in transitional cell carci-

noma of the urinary bladder. J Chin Med Assoc. 2003;66(5):294-298.

32. Lahme S, Bichler KH, Feil G, et al. Comparison of cytology and nuclear

matrix protein 22 (NMP 22) for the detection and follow-up of

bladder-cancer. In: Atala A, Slade D, eds. Bladder Disease: Research Con-

cepts and Clinical Applications, Pts A and B. Advances in Experimental

Medicine and Biology. Bladder Disease, Part A. Vol 539; 2003:111-119.

33. Poulakis V, Witzsch U, De Vries R, et al. A comparison of urinary

nuclear matrix protein-22 and bladder tumour antigen tests with

voided urinary cytology in detecting and following bladder cancer: the

prognostic value of false-positive results. BJU Int. 2001;88(7):692-701.

34. Zhang ML, Miki Y, Hang JF. A review of upper urinary tract cytology

performance before and after the implementation of The Paris Sys-

tem. Cancer Cytopathology. 2020;129(4):264–274. https://doi.org/10.
1002/cncy.22343

35. Mcintire PJ, Snow JT, Robinson BD, et al. Improved correlation of uri-

nary cytology specimens using The Paris System in biopsy-proven

upper tract urothelial carcinomas. Cancer Cytopathol. 2018;126:7.

How to cite this article: Wang J, Zhao X, Jiang XL, Lu D,

Yuan Q, Li J. Diagnostic performance of nuclear matrix protein

22 and urine cytology for bladder cancer: A meta-analysis.

Diagnostic Cytopathology. 2022;50(6):300-312.

doi:10.1002/dc.24954

312 WANG ET AL.

https://doi.org/10.1002/cncy.22343
https://doi.org/10.1002/cncy.22343
info:doi/10.1002/dc.24954

	Diagnostic performance of nuclear matrix protein 22 and urine cytology for bladder cancer: A meta-analysis
	1  MATERIALS AND METHODS
	1.1  Inclusion and exclusion criteria
	1.1.1  Criteria for inclusion and exclusion of research subjects
	1.1.2  Measurement index

	1.2  Search strategies
	1.3  Research methodology
	1.3.1  Literature selection
	1.3.2  Evaluation of literature quality
	1.3.3  Data extraction and statistical analysis


	2  RESULTS
	2.1  Literature search results
	2.2  Quality evaluation
	2.3  Bias analysis
	2.4  Analysis of heterogeneity
	2.4.1  Threshold effect
	2.4.2  Non-threshold effects

	2.5  Results of statistical analysis
	2.6  Meta regressions
	2.7  Sensitivity analysis
	2.8  Evaluation of publication bias
	2.9  Clinical application value

	3  DISCUSSION
	CONFLICT OF INTEREST
	AUTHOR CONTRIBUTION
	DATA AVAILABILITY STATEMENT

	REFERENCES


