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1.Urinalysis & Cytology: 1. Cystoscopy: Wit ERie s Y A
- Urinalysis: &1 7 & —  (EHYTE10%E B M
. Cytology: [RIEREE - BEMERESE - ﬁf{@fﬁ%’éﬂ?ﬂﬁ%@ (: B35 ~ Wi ~
. - R ﬁ”“%&U\EﬁIE ﬂ%ﬂﬂﬁﬁﬂéﬁ@ﬁ
2.Urine tumor marker tests Bs
- UroVysion™: BEREEAIMR P LS —  3EFERR: Fluorescence Cystoscopy
1E(FISH) S 100 96
- BTA stat: Bladder tumor-associated antigen é 80
[7)]
- Immunocyt™: mucin and carcinoembryonic Tgu E %0
antigen (CEA) (Immunocytochemistry) 8 “ =
S 20
*

%%ﬁ) Figure | Five-year relative survival rates for bladder cancer in relation to the stage
at time of diagnosis.
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Problem (& 28)

bladder cancer test

Intervention(77

NMP22 BladderCheck

VN i=1iiih)

Comparisom(EGc | Urine cytology

)

Outcomes(# ) | good discrimination ability for detecting

bladder cancer and a high-specificity
algorithm that can be used for early
detection to rule out patients with higher
bladder cancer risk ?
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EEBEERE, EMBASE
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Web of Science,Scopus
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Search strategy :

We searched MEDLINE, Embase, the Cochrane
Library, and Web of Science for relevant studies in all
languages published from January 1, 1990, to June
1, 2017, with the following terms: (BladderChek OR
NMP22BC) AND (Bladder cancer OR urinary bladder
neoplasm [MeSH]).

We identified additional studies by screening the
reference lists.
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1.UsEIm A2V ENMP221%: Bt —2¢
2.7 WrsE A (& FHfour-fold table

Disease

Test Present n Absent n Total

Positive  Trua Positive (TP) a False Positive (FP) < atc

Negative False Negative (FN) & True Negative (TN) b+d

Total ath ctd

EHIBEEMEMH » RIER s
Wr— R LEHER

4T AL

S5 E I ATEEECR » AIH
systematic review 4 Ug A

Inclusion criteria :

(2)Clinical study comparing the diagnostic effects of the
NMP22 BladderChek test with at least one measurement
for patients with high bladder cancer risk;

(2) provided sufficient data for constructing the diagnostic four-
fold (2 x 2) contingency table;

(3) if data or data subsets were used in more than one article,
the article with the most detail or the most recent article was
chosen;

(4) written in English or Chinese;

(5) Related studies with unqualified data or that did not provide
sufficient data were included only in the systematic review.
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F— 52 E 2 £ 2 (Find) ArE BUAHBERSE 2

EYEE@E/%(MethOdS)E Exclusion criteria :

8 - B DUREIFFAIES=E8E | () Duplicate publication; |

[I]52 BEREE - BB EB :g (2) reviews, case reports, letters to edlto.rs; |
n%(ReSUHS) = ED (3) studies in languages other than English or Chinese.

—'”//{ %ﬂz%UZIK}E /%";E f’:tj(}fk Two reviewers (ZJ Wang and HL Que) independently

IEI EE qu 15 E/] ﬁﬁ;t&ij(j( screened the collected citations for relevance and reviewed

J%kgﬂ H - j@@k“‘WA/ﬂ\}jFﬁz Ej_ll-text articlets accordinglto ';hs inclusiol? (t:_riteriat[.h .

E/g %‘z%&}? . TH__[ isagreements were resolved by consultation with a thir

o . = . reviewer (M Gu).

PIBIZREL PRISMARY R

e EES

SEEAER C IR ol o5

EIEH IR SRR

-SRMEEA RIS ARNE-




é-l/zl“s : n‘ﬁ tij,ﬁk
F—tt5e/e 431451 (Find) ﬁﬁﬁ I AHBH S5 7

O

A RY

= A

anE

g{al ? (FAITH)

EXER R E(Methods)E
g1 - oI RIGEAIE =R
HQE’JE?IEH @Tﬁﬂ%ﬁﬁﬁ’]%

- #5582 (Results) E&i
TLH%%UZIK)%%JE MESTBR
ClEEEE EINIEE KREXX
BAELE ~ UM AEAHERR
HE=ENRE K - ERo/EE
= PIEFa, PRISMA 897%
=EZIR -

Identification

{

Screening J

[

Eligibility J

[

)

Included

[

Records identified through
database searc

(n=36)

hing
(n

Additional recor
through other sources
=0)

ds identified

1.reviews
2.not Chinese or

aFREAT

English

Records excluded

Full-text articles assessed

(n=8)

Full-text articles excluded,

for eligibility
(n=23)

Studies included in
qualitative synthesis
(n=19)

Studies included in
quantitative synthesis
(meta-analysis)
(n=19)
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Data extraction and quality assessment

We used the Quality Assessment of Diagnostic Accuracy
Studies (QUADAS-2) tool [11] to assess methodological
guality. The QUADAS-2 scale contains four domains: patient
selection, index test, reference standard, and flow and timing.
We assessed all domains for potential risk of bias and the first
three domains for concerns regarding applicability. Each
question was assigned a “yes,” “no,” or “unclear” response
when every eligible study was evaluated.
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Table 1. Risk of Bias and Applicability Judgments in QUADAS-2

g

Patient Selection

Index Test

Domain

Description

Signaling questions (yes, no,
or unclear)

Risk of bias (high, low, or
unclear)

Concerns about applicability
(high, low, or unclear)

Describe methods of patient

selection

Describe included patients
(previous testing,
presentation, intended
use of index test, and
setting)

Was a consecutive or
random sample of
patients enrolled?

Was a case—control design
avoided?

Did the study avoid
inappropriate exclusions?

Could the selection of
patients have introduced
bias?

Are there concerns that the
included patients do not
match the review
question?

Describe the index test and
how it was conducted and
interpreted

Were the index test results
interpreted without know-
ledge of the results of the
reference standard?

If a threshold was used, was it
prespecified?

Could the conduct or
interpretation of the index test
have introduced bias?

Are there concerns that the
index test, its conduct, or its
interpretation differ from the
review question?

Reference Standard

Describe the reference standard
and how it was conducted
and interpreted

Is the reference standard likely
to correctly classify the target
condition?

Were the reference standard
results interpreted without
knowledge of the results of
the index test?

Could the reference standard,
its conduct, or its
interpretation have
introduced bias?

Are there concerns that the
target condition as defined
by the reference standard
does not match the review
question?

Flow and Timing

Describe any patients who did
not receive the index tests
or reference standard or
who were excluded from
the 2 < 2 table (refer to
flow diagram)

Describe the interval and any
interventions between index
tests and the reference
standard

Was there an appropriate
interval between index tests
and reference standard?

Did all patients receive a
reference standard?

Did all patients receive the
same reference standard?

Were all patients included in
the analysis?

Could the patient flow have
introduced bias?

rrow ano Tivina - T
rererence stanoaro ]

INDEX TEST

QUADAS-2 Domain

PATIENT SELECTION

0% 20%

@ Low B High OUnclear

20% 40% 60% 80% 100%
Proportion of studies with low, high, or unclear

100% 0%

80%
Proportion of studies with low, high or unclear

40% 60%

CONCERNS regarding APPLICABILITY

RISK of BIAS
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Data extraction and quality assessment

Two reviewers (ZJ Wang and HL Que) extracted the relevant
data independently.

A consensus reviewer (MGu) resolved any disagreement
among the data extraction and quality assessment.
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28R 2 . M EICIEERY mmE M0 ? (FAITH)
| — & & H40A (Included) B BFRUEHY S E ?

Table 1: Basic characteristics of eligible studies in our meta-analysis
Case Mean age Proportion of Specific details of Total Total
Study Ethnicity o Male/female smoking . P o
number  (year; range) patients (%) index test used sensitivity (%) specificity (%)
P.MLJ. Moonen (2005) Caucasian 106 66.4 (26.9-86.1) 79127 NA NMP22BC, Cytology 63.63% 90%
5. Tritschler (2006) Asian 100 67.9 71729 NA NMP22BC 65.00% 40
A. Kumar (2006) Asian 131 67 (32-91) 117/14 NA NMP22BC, Cytology 84 80% 77.6%
Y. Lotan (2007) Cauncasian 1328 587 (18-96) T56/572 36.1% NMP22BC 56.96% 85.8%
Y. Lotan (2008) Cancasian 1302 62.5 (46-92) 1175/327 45% NMP22BC NA NA
H. Steiner (2008) Caucasian 183 60.1 (36.8-83.8) 123/60 100% Dipstick, NMP22BC, 5.56% 82.5%
Cytology, UroVysion
VK. Arora (2009) Asian 33 39 (33-83) 48/5 66.04% NMP22BC, Cytology. 78.95% 80
Cystoscopy ﬁ&ﬁ‘Q - ":‘EIZ/ ~ 5 ,f
| | UADAS-2:5F4% » {H
H 5. Choi (2009) Asian 1070 3931 650,420 NA NMP22BC 77.50% 8838 \/7 =
~ /
E O. Kehinde (2011) Asian 178 55.3 (16-77) NA 80% Cytology, NMP22BC, 82.00% 66.0% ﬁ‘ ?IE'{ l: }é Q E% Mj
UroVysion I t
Sl'% Zlist > FEGHAIER A
T. Smrkolj (2011) Caucasian 108 68.3 74734 NA Cytology, NMP22BC 17.70% 100.0% IS VARRYA DE
5 < 7 ,—‘—‘ Z ;\{
E C. Hwang (2011) Asian 1021 65 776245 NA NMP22BC 22.58% 97.97 \\\WA Eﬁ?x& E‘ o
L. Sagnak (2011) Asian 164 30.8 56/108 NA NMP22BC 100.00% 85.2%
M A. Maghrebi (2012) Asian 105 53.48(16-TT) 81124 NA NMP22BC 61.30% 96
G. Hatzichristodoulou (2012) Caucasian 200 61.3 (48-73) 142/58 NA NMP22 ELISA, WMP22BC 39.00% 93.0%
G. Ludecke (2012) Cauncasian 13 = 50 NA NA UBC rapid, NMP22BC, BTA NA NA S A
o= SPEEALR 0% 0t UANFRE
E. Coskuner (2012) Asian a5 60.7 (27-88) 7817 NA NMP22BC 44 .40% 08 4%
P O. Sullivan (2012) Cauncasian 475 69 (50-77) 389/06 T6% Cytology, microscopy. 37.70% 96.40%
NMP22EC, NMP22 ELISA
HX. Li (2013) Asian 175 624 (23-89) 142733 NA LBC, FISH, NMP22EC 67.60% 88 1%
R. Ritter (2013) Caucasian 198 70 (20-90) 151/47 NA UBC ELISA. Cytology, 16.40% 95.3%
NMP2IBC, UBC rapid
F A. Yafi (2014) Caucasian 109 69 (33-96) 20/19 89% dipstick, BTA Stat, NMP22 58.00% 85
BC. ImmunoCyt
L. Turkeri (2014) Asian 303 36.6 146/157 NA NMP22 BC, RisikoCheck 45.00% 95.0%
M D. Bell (2016) Cauncasian 91 74 (45-96) T6/15 89% Dipstick, BTA Stat, NMP22 NA NA
BC, ImmunoCyt
Y. Lotan (2017) Cauncasian 1016 20-90 T86/230 NA Cytology, NMP22 ELISA, 11.0% NA
NMP22 BC, UroVysion
- Abbreviations: NMP22BC, NMP22 BladderChek; ELISA, Enzyme-linked immunosorbent assay; LBC, liquid-based cytology; FISH, fluorescence m situ hybrids: ; NA not lable.
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1%L TN EIHIBZAES Data extraction and quality assessment

\,ﬁ f’;tj(}“sk @ F’E/ \“m}\ There was no statistically significant publication bias across
K”@éﬁ Igﬁﬁ%%ﬁ%ﬂz the studies, the slope coefficient had a p-value of 0.75 (-19.11,

14.05).
faf3/ J\ﬂE AR EI/] nft :%ﬁ ° ;. Log Odds Ratio versus 1/5q(Eflective Sample Size)(Deeks)
e RS - T .
KEINEFERA I - B N
e REER - g .
cREGHAERGEEE | ¢ .. -
SR—HMENEE - A e
B EE#ETT T deeks’ funnel plot > p{E & § . ’ .
0.755 7145 SR EE <9 A publication bias ] .

) °|'51,rroot(Essflzc

Figure 5: Deeks’ funnel plot asymmetry test for studies in the systematic review.
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SR 2 . 2AMEXRIEIREA mE M@ ? (FAITH)

T—{EE A LIRS ER ' 4845, (Total up) ElEmaS R 7

Eniﬁﬁi/'\ 1 EiFERBZIRPIMANGERLER - HAERMHELT - oJetE%

RETH S DT (meta-analysis) - WL " HFME L (forest plot) 2IRMFE

AR BN LELEEUEST - EXENGRES - JURABEENER
VIR AEZ 2 244 B Cl kR 45 RV BREE -

A N B

Sensitivity (95% Cl) : ” Specificity (95% CI)
L PM.J. Moonen <2005) 064 (041-083 . P.M.J. Moonen (2005’ 089 (0.79-09%
L3 S, Trtschler (2006) 065 (048-079 . S, Tritschler (2006) 040 (0.28-053
—— A Kumar (2006) 0B85 (07T1-0654 —e— A, Kumar (2006) 078 (068-088
L J Y. Lotan (2007) 057 (045-0638 . Y. Lotan (2007) 083 (0B4-083
. H. Stener (2008) 005 (000.027 - H. Stener (2008) 082 (0.70-001
° V K. Arora (2009) 079 (063-0.% . VK. Arora (2008} 080 (0.52-0.9%
L H S. Chat (2009) 078 (067-0.66 [ ] H S, Chot (2009) 088 (0.867-0.91
o] L. Sagnak (2011) 100 (016-100 —o— L. Sagnak (2011) 085 (079-0%
L 2 E C. Hwang (2011) 023 (013-035 o E C. Hwang (2011) 088 (085-0.%
S T. Smrkolj (2011) 018 (0.04-043 ® T. Smvkalj (2011) 100 (048-1.00
L3 E O. Kehinde(2011) 062 (066-0%2 . E O. Kehinoa(2011) 068 (049-083
. E. Coskuner (2012) 044 (022.069 ® E. Coskuner (2012) 088 (084.1.00
—— G. Hatachnsicdoulou (2012 050 (049-069 —&~ | G, Hatzchristedoulou (2012 0.93  (0.86 - 0.97
—— M A Naghrebi (2012) 061 (050-072 —e— M A Maghrebi (2012) 096 (080-100
L ] P O Sullivan (2012) 038 (026-.051 % | PO Sullivan (2012) 09 (094-058
L 3 HX. Li (2013) 063 (055-078 L 2 HX. Li(2013) 085 (0.72-005
e R Ritter (2013) 016 (008-0.28 ® | R Ritter (2013) 09 (091-088
. L. Turken (2014) 045 (017-0.77 ® | L. Turken (2014) 095 (0.90-0.98
— F A Yafi (2014) 053 (046-069 —_———— F A Yafi (2014) 085 (085-096
* Eﬂﬂhﬂ Sﬂlﬁ ity = Q E m f\z 10 0 al ' * = 7
| Chi-square = 175.03; df = 18 (p = 0.0000) ) ) Chi-square = 187.54; df = 18 (p = 0.0000)
0 2 3 6 8 Inconsistency (l-square) = 89.7 % ] 2 4 6 8 1 [nconsistency (l-equare) = 90.4 %
Sensitivity Specificity
B Ten . = S A
AlaEcoe - MZ ofs o B
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TR 2 . 2EEXRIEIEERI mE (D ? (FAITH)
T EHREERISAIER 4055 | (Total up) B E ?

C' Positive LR (35% C1) D

T : = Negative LR (95% C
L ] P.M.J. Moonen (200%) 557 (2.70-11.49) [ T
o S, Tritschier {2006) 108 (080-147) . o g'-‘ri MOOMN (20662]005! g;; Eg E; ’ Ez
- schier bV
@ A Kuxmr_(ZODﬁ) g4 (2 58 -570) g A Kumat (2000) 020 (010039
L Y. Lotan (2007) 402 |:3 l? «509) ° Y. Lotan (2007) 051 (039.065
® 528 oo e T e~ 231 ° H. Steiner (2008) 115 (097-135
° VK Arora (2009) 385 (142-11.01) ° V K. Arora (2009} 026 (0.14-051
® H 5. Chot (2009) 691 (5.60-854) - HS. Chot (2009) 025 (047-0.38
. L. Sagnak (2011) 554 (297 -10.35) 5 L. Sagnak (2011) 020 (002.247
* E G Hwang (2011) 186 (1.11-3.07) . E C. Hwang (2011) 083 (077101
[ T. Smekafj (2011) 233 (014 -38.97) . T Smekol (2011) 083 (063-122
® E O. Kehinge(2011) 252 (1.52-4.19) Y E O. Kehinda(2011) 027 (013-055
@ | E. Coskuner (2012} 2822 (65012259 ° E. Coskuner (2012) 055 (0.37-085
— G. Hatzichnstodoulou (2012 843 (405 - 17.54) B G. Hatzichristodoulou (2012 044  (0.35-0.56
——1 M A. Maghrebi (2012) 1531 (223-105 S 2 M A Maghrebi (2012) 040 (030-054
L ] PO Sullivan {2012) 1058 (589.19.00) ) P O. Sullivan (2012) 064 (053.078
*® HX. L1 (2013) 485 (227-1035) * HX. LI (2013) 03 (026-054
o R Ritter (2013) 374 (142-984) L] R Ruter (2013) 087 (078-0%8
° L. Turkeri (2014) 981 (364-25.36) L L. Turkeri (2014) 057 (033-0%8
—— FA Yah [2014) a76 (150-943) R = F A Yafi (2014) 050 (037-087
PY L
‘ 5 0.01 1 7000 Inconsislency (-equére) = 83 3%
0.01 1 100.0 Incansustency (- aquare) «873% W wL
Positive LR Tau-squared = 0.4703 aiass VRt S 024

FEEGER U2 ot o N ER
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TR 2 . 2EEXRIEIEERI mE (D ? (FAITH)
T EHREERISAIER 4055 | (Total up) B E ?

E Sansitivi SROCC
_ Diagnostic OR (95% CI ppuiad _— =
e PM.J. Moonen (2005) 4356 (4.34.4235) BT o .
. 8, Tritschier {2006) 124 (0.54-2.84) e Symmotric SROC
—o— | A Kumar [2006) 1963 (7.68-5022) als —~ e i o0
° Y. Lotan (2007) 802 (500-1286) - gL
° H. Stener [2008) 0238 (0.03-2.32) i e . SE(Q") = 00352
° V K. Arera (2008) 15.00 (3.39 - 66.31) | e '
® H S. Choi (2009) 27.28 (1557 -47.78
— & L Sagnak(2011) 2827 {1.32-603.83
E E C. Hwang (2011) 209 (1.10-3.99) T .
< T Smekolj (Z011) 268 (012-8022) s ' .
° E O. Kehinda(2011) 926 (3.11-2755) >
@ {| E.Coskuner (2012) 50.00 (9.34 - 26775 R breyy ‘@
* G. Hatzichristodoulou (2012 19.12  (8.05 - 45.42) ‘
—&—1 M A Maghrebi (2012) 3794 (486-20478
° P O. Sullivan (2012) 1642 (8,02-3361) 2 j
° HX. LI (2013) 1287 (4.76 - 34 83) o 6]
° R Ritter (2013) 428 (148-1239)
. L. Turkeri (2014) 1679 (4.10 - 6867) ‘1 of
—— F A Yafi (2014) 754 (239-2385) f
3 f
| )
¢ Poaled Dmg\oshct)ddsRabo 929(5 55 10 15.55 2 < °
L
0.01 1 100.0 lnoonsiumt.y (l-equase) » 79.3 % f
Diagnostic Odds Ratio Tau-squared = 0.9002 1 «/
| o
|
B o 2 8 1
1-speciticity
EB?#*
PGSR - M2 ol ofE
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Diagnostic performance

Significant heterogeneity was observed among the 19 studies
in our meta-analysis. Accordingly, we performed meta-
regression analysis to explore the origins of the heterogeneity.
Figure 3 shows that the heterogeneity

was suggested across the studies, and among eight factors,
study quality was identified as statistically significant,
indicating that the quality of the studies was responsible

for the relatively high heterogeneity.
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*ﬁm%% 2 . A EXRICIERRYmE LY ? (FAITH)

— s Ao A HAT — SR T (Heterogeneity ) 7

WVar Coe £ F Std Err P — waluas RDOR [25%CT]
Crte =1.333 1.6785 0.4475 —_———— —_————
= 0.415 0.3530 0.2697 ———— _————
male 2.399 1.5375 0.1531 11.01 (0.34;:356.7%6)
comparison 1.278 0.8205 0.1538 3.59 (0D.56:22.97T)
ethnicity -1 . 106 o.7557 Q.1773 o.323 {O.06;1.8383)
histological -1 . 929 1.4741 O.2231 o.15 {(0O.01:;4_.08)
pPrimary O.200 0.6940 0. 7800 1.22 (0O.25:5.87T)
Coualitw 1.006 0.39&89 0.0320 ) 2.73 {(1l.11za.7T1)
numlrer 1L.178 0.9317 0.2379 3.25 (0.39r26.72)
WeEar 1.476 1.0016 Q.1747 4 .38 {0.45-42_17)
Tau—sguared estimate = 0.884%9 (Convergence is achieved after 10 iterations)

Restricted Maximum Likelihood estimation {(REMIL)

Figure 4: MhWMeta-regression analysis of heterogeneity across eligible studies. Mhale, whether the male/female ratio = 50%%;
comparson, whether compared with other nowvel diagnostic methods. ethmicity, Asian/Caucasian population; histological, whether
histological examination of bladder cancer was performed: primary, whether bladder cancer recurrence was detected: guality, the guality of
all incheded studies as assessed by QUADAS-2: number, where case number = 400; yvear, whether publication yvear was after 2011.

The heterogeneity test and meta-regression analysis showed significant heterogeneity
across the included studies, and the quality of these studies may be the potential origin of
the relatively high heterogeneity. The included trials involved two main types of diagnostic
trials, i.e., case—control and cross-section, and the differences in patient enroliment, study
design, and data collection between the two types contributed to the high heterogeneity.
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1. Overall sensitivity and specificity were 56% (52-59%) and 88% (87-89%),
respectively; pooled PLR and NLR were 4.36 (3.02-6.29) and 0.51 (0.40-0.66),
respectively; DOR was 9.29 (5.55-15.55) with an AUC of 0.8295.

m Good discrimination ability for detecting bladder cancer and a high-specificity

algorithm that can be used for early detection to rule out patients with higher
bladder cancer risk.
1. The mean sensitivity for Ta, T1, 2 T2, Tis, G1, G2, and G3 disease was 13.68%,
29.49%, 74.03%, 34.62%, 44.16%, 56.25%, and 67.34%, respectively.
m It also has better potential for screening higher-grade and higher-stage tumors,

and better diagnostic performance in Asians.
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Disscussion

m TRIENMP22 BladderCheckiZ AR B DR ZEAE
1. RRBEFHBEETERAULER?
2. MEFXMRESEFEWUER?

m NMP22 BladderCheck&iUrine Cytology > 7= 5 ?
m NMP22 BladderCheckiyzZ2 =R 4 - {HMeta-Regression73#7~
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relevant loss in specificity. Furthermore it is an easy test with instant result. However, no extra T B SRR
tumours were detected by adjunction of the NMP22 BladderChek test.

Moonen PM, Kiemeney LA, Witjes JA. European urology. 2005; 48:951-6

Results Bladder cancer was diagnosed in 103 patients. Cystoscopy alone identified 91.3% of the cancers (94/103; 95%
confidence interval [Cl], 84.1%-95.9%). The combination of cystoscopy with the NMP22 assay detected 99.0% of the

malignancies (102/103; 95% (I, 94.7%-100%; P = .005). The NMP22 assay detected 8 of 9 cancers that were not visualized
during initial cystoscopy, including 7 that were high-grade. The sensitivity and specificity of the NMP22 test alone were
49.5% (51/103; 95% Cl, 39.5%-59.5%) and 87.3% (493/565; 95% Cl, 84.2%-89.9%), respectively. Voided cytology detected
only 3 of the malignancies missed during initial cystoscopy and did not significantly increase the sensitivity of cystoscopy

(94.2%: 95% Cl, 87.7%-97.8%: P = .08). BHMEMNESURE H91.3% - INIMNMP22 UK E IR E199%

Grossman et al., JAMA Jan 18, 2006
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