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The Advances on Urine Testing Technology in Noninvasive Diagnosis of Bladder Cancer
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Abstract: Bladder cancer is one of the most commonly seen tumors in the urinary system, cystoscopy and biopsy cur-
rently remain the gold standard procedure for diagnosis and surveillance. Yet, they are invasive and may undermine the di-
agnosis due to unclear vision and insufficient depth of biopsy caused by urethral stricture or tumor bleeding. Therefore, it
has been a hotspot issue for researchers to explore noninvasive diagnostic methods comparable to the conventional cystosco-
py- This paper reviews the literature regarding the noninvasive urinary biomarkers for the detection of bladder cancer in the
latest decade and briefly introduces the relevant research of our team.
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Ji% B Jib 8 AR 5 Pt it (bladder tumor antigen,
BTA) 2056 /2 2R FH B v B B ARG 00 JR v 1) MR P 7
H 8k MA R H A G F1 BT AT 52 M R MAC B 34
1, bR sz e ety AR BEMR AR R
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TE KGR 2% 591 o9 7 1T, BTA stat 871 T PR
75 2 M 2 TR ) RO (430 58% 55 219%0) ™
BTA 5 NMP22 £ bR i 1 5z 9 1 £ it o B 5 Bl
BEPA %) A2 AR, AR ) e S s v 11 1 P %
AR T B A 3 2 7 1 FH I R A DA
23 WHRBEMFBZHEAR

e JOE ik 1) 2 A2 55 3.7 17 B YRR B
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BRI 200 M A I8 I g a2 W b B VE

3 AR AR A A o ik
FH T FDA DAk A9 155 e 98 PR G B Iy 32 oA

REJZ I Tl R, W58 3 118500 TR IR
WAL WIhR S, B4 AR A5 W R AL ) AR G

®1 RiBEMEEZFERFDAMENEDIREY
Table 1 Cytology and FDA-approved biomarkers

Marker Method Sensitivity/%(95%CI) Specificity/%(95%C1)
Cytology™! Giemsa or HE 34 (20-53) 99 (83-100)
NMP22 BC'™ ELISA 69 (62-75) 77 (70-83)
NMP22 BladderChek " Point—of—care office test 58 (39-75) 88 (78-94)

BTA TRAK'"* ELISA 65 (54-75) 74 (64-82)

BTA stat"'? Point—of—care office test 64 (58-69) 77 (73-81)
UroVysion''? FISH 72 (69-75) 83 (82-85)
uCyt+/ImmunoCyt'?! ICC 73 (68-77) 66 (63-69)

HE : hematoxylin—eosin staining ; ELISA : enzyme linked immunosorbent assay ; FISH : fluorescence in situ hybridization;

ICC:immunocytochemistry
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Jor () S A S B RE FIVRE S BE 43 R 0.79 (95%CIL:
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41 B A 5 A (cytokeratins, CK) 1 i — Fh vp
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% T Rz b e s 2R AR, R B bR 98 0 AL (urinary
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AN R B A Sz B R R A, AIBL A
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EIF-5A2 7] RE# i 3005 TGF-B1 F3A A ik B2 e i
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HERG R . TR A BA T 2016 4F H i T T i AIBL,
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5T 2 40 it A 1K IR F A2 4K 3 (fibroblast growth
factor receptor 3, FGFR3) 7F JB% e 46 1 & A= & g vh
RIFFEGEAEM, B R Kt ik 4 BT
RAS-MAPK , PI3K F1 STAT6 %5 {38 B , in 2 41 ity
B 53 Ak R i A AR R . BFSE & PR pTa ., pT1 I
pT2-4 W18 FGFR3 %8 42 253 51l 24 80% . 21% Fil
16%"““*" . FGFR3 5848 Fl T 46 M AR G i 9eg 52 %
) R R 58% X T & IR % , FGFR3 12
VBT Ik e 7 R IR S B 430 259 .99.7% ¢
X & B, FGFR3 58748 K i2 Wi I 2 1) 1 e 1 e
B BRI T PR D 75 Al i 2%, 5 Al i 2= B 12 T
B, R ik 869%™

Cxbladder 77238 328 A6 00 J5% It g £8 3 PR W v Sk
Tt B9 4 FF mRNA (IGFBP5, HOXA13, MDK,
1 CDK1) K 5 B M & E s 72 A1 OC 1Y 1 Ff mRNA
(CXCR2)iZWrps s ™. WFgz eI, 2158 2 14
A ol LA IR S B2 3k 85% B, Cxbladder £6
1 % 1% e g 1) R B g 82% o 5 A 2 S NMP22
ALY, Cxbladder ELAT T fmy 14 72 85052 Fn B P T (8
T WD % o 90 52 T B Bl At R A v
AHe

Eﬁﬁ*ﬁ@@ﬁ%i"@ﬁ (telomerase reverse transerip-
tase, TERT) J2 % A il 1 176 Pk 20 3 B PR 3k 20 9%
TERT K G 8 FRAZZS 5 Z M ME N &Ltk
JE L Tk TERT 19 28748 R 1 70% , Hi2 Wi )
RN R % I i ) R ABURE 53 1N 62% . 42% , K S
JE 5391 90% . 73%'

e G B A (aurora Kinase A, AURKA )2 —Ff
2RI RIRAN , 25 Wnt S HZ WA MfE 5
W ELE SR T — S R L RIS S
N i (0 & A R R A DG e kil
PR AURKA mRNA 2 W fi3 e R %1 Rz 98 i sk
9 83.6% , 5 FAE N 65.2%., 5 Takf L, T1 T2 H]
) AURKA 3k 70 BRI T 9.31 5 F1 4.78 £i% 5 i &
198 ) AURKA 2R 3K 7K SF- BE AR 2 531 Jie 98 55 5.33
5 o BFSE 45 b $2 7%, AURKA FJR 48 Jifd =7 B 44
AUC #181(0.744 1 0.721, P=0.588) .  AURKA %6 il
A £ ) e 96 B A T 200 27 12 T v i s A B
e

/1N RNA (micro RNA, miRNA) 7E RNA /T 2k
FIEE DR SRk i st J R 9 R HEAE T, OR BR 22 T LE B
FeW, FH 223K 59 miRNAs 1] DUVE Sy 3 fith 2 4 988

FE e g L Y, 2R miRNA 7] 78 5% e i H
PR BRI T A A 0 3, B AT A B AR SRR S T1%-
94% , ¥ 5 N 51%-100% , AUC N 73%-92%"* ,
RGN i JOE 95 KR 55 R 1Y BR— miRNA A miR-
NA-155( R ¥ 80.2% , 15 5 )% 84.6% )" .miRNA-
125-b ( R % 84.8%, ¥ 5 & 76.2%) " . miRNA-
99—a( RIS 74.1~78% , Fi 53 & 82.6~85.7%) ¥ J
miRNA-96 ( R f fF 71~72.3%, 4§ 5 & 88.9~
89.2%) ', ZFh miRNA &G4 I v F— 2 32 5
B WTRLBE , miRNA-99—-a/125-b B4 6 0 5% b 98 R
U K 86.7% , 45 5 K 81.1% %, 6 Fl miRNA (187/
18a/25/142-3p/140-5p/204 ) Bk A K I 1 R 45 B N
84.4% , ¥ 5 86.5% ', 1M 25 A miRNA Bk 45 #6:
A SR 0 RN S B 4 ) 8 38 879% . 100%

K 5% 94F 2% 15 RNA (long noncoding RNA, In-
cRNA)if i3 5L 41 DNA .mi RNA .m RNA Fl#E
TR A BAE R B ThRE, 25 T Mg &£ =R
ZEFNFERS S5 b R, IncRNA K60 i Jpe g 1) S Ak R
BHORE RN S B 43 90 M 0.73 (95% CI: 0.58~0.84) |
0.78 (95% CI: 0.62~0.89)" . HH K Z 1K
UCAL, — IR0 A 6 TR 92 1Y 25 A2 43 B R W, IR WK
UCA 12 K 1B e g 114 22 508 FRe S B 43301 o4 0.81
0.86"" . 5 —IHHF 5 FH 2 Fh IncRNA (uc004cox.4/
GASS) BRI, HAZ W i e Jis 7 RSy 84.5% , ¢
SN 78.2% , AUC K 0.885' 5 3 Fh bR ¥ A1 is A4 ok
JE %) IncRNA (MALAT1/PCAT-1/SPRY4-IT1) Bt &
LW I e s R BUE N 62.5% , R M 85.0%, AUC
470.813'%,

DNA 56 Ab 2 — o 35 PR 2 00 388 14 45 7 =X
—BE IR B LA ARIC A B 20 T B I g A R
AR SE R T e g R RN i R PR M DNA
H LA 7K IS T —A 1 1504 CpG £ 25 41
14 5 JOR 98 S I A b iR A B (UroMark ) , 76 )5
S B B E IR, UroMark (4 7 U B3 5 88 A1
PE T AE 3 51 K 98% . 97% . 97%'" . H —ja 25 3%
IR S 4% BRI ] A 45 SR 25 S EAR O, R
J& K 52%~100% , £ 5 & 4 0~100% ',

WA e 3548 1) Jon A= W) A5 9 )7 T, i8 A DNA
T /2 A PR BRI K  XPERT BC Monitor (K il
PR 5 # mRNA) F14Fb 5 44 1l o (Topoisomerase—
11 alpha, TopollA )& PR i ek G 457 1572

AR BT ) A O 1 A A A B e g
FIBF ST IS (R S, 25 i 45 R 25 Sk K, R B iE— 2
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TS W o Y R 22 Fob 32 B A 40 R R ST
U, Rametrix ™6 10 152 b 98 A4 VR A7 2R Sk 80.4% , £
JEE N 82.4% 5 S ME R 79.5%' ™, HL T (eNose)
JE— PRI B MLSE R GE LAY, B T LA
JEHEM P (PR I W R 288 ) I s R A SRR
KIKCH T W Mg, — Wk &M, 7
5012 W 8% I A8 1) R A0 B R 5 43 00 K 60.8%
90.2% , AUC ik 0.909 ™, 55 — T 55 | FH 2 e ok
2 AL SRR I IR WA & B WAL S, R 24 4
18 AR 1 B3 DR 12 Wt 5 I A 11 2R A R Ry 5 B
SR 84.219% F1 87.80% , LU A, 1% 77 12 4 5l v ARk

91 B e s P R My 66.67% L R 7 R 75.00% 7
BTN R W2 R S5, 5o S HAR
AR R, HAr, 1w oo i b F
s N AN IR R B B, B 1R 5AUER I &
J& AT OF R 22 R R Y i — 25 e UE LR e 12
W 1

4 % #

ARSI 25T R B 3 2o DR VR R AT 5 e
I RNZ W ARSI J5 1%, Forh FDA DAIERY 6 Fffs: T
T5 ¥ BT AR A R S M, R R AR A 4 Js e
A 3 Az B PR VB AN R 2 A 185 e g 12 i b A
B PR A AR S RN T RS T B H AR
A5 A% Py o AH S An 35 45, 3R AT B 2 A 5 % 30
EIF-5A2 Fl AIB1 e 7t 4 Jb5 I 98 e 6112 Wi (4 87 77
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Table 2 Novel urinary biomarkers

Biomarker Type Sensitivity/%(95%CI) Specificity/%(95%CI)
Survivin?’ Protein 79 (73-84) 87 (79-92)
UBC test™®’ Protein 59 (55-62) 76 (72-80)
CYFRA 21-11 Protein 82(70-90) 87 (84-0.90)
FGFR3: %] DNA 25-58 99.7
Cxbladder' mRNA 82 (70-90) 85(81-88)
TERT'>* 7 DNA 42-81 73-90
AURKA"® mRNA 83.6 65.2
miRNA miRNA 71-94 51-100
miRNA-155"% 80.2 84.6
miRNA-125-h"" 84.8 76.2
miRNA-99-a'%7% 74.1-78 82.6-85.7
miRNA-96'¢'" ¢ 71-72.3 88.9-89.2
miRNA-99-a/125-b""" 86.7 81.1
miRNA187/18a/25/142-3p/140-5p/204" 84.4 86.5

25 miRNA'® 87 100
IncRNA IncRNA 73 (58-84) 78 (62-89)
UCA1!6) 81 86
uc004cox.4/GAS5 84.5 78.2
MALAT1/PCAT-1/SPRY4-IT1'"’ 62.5 85.0
UroMark'™" DNA methylation 52-100 0-100
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