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[HE | ¥ =5EHW: ETL2HRIENIZ (magnetic resonance imaging, MRI) fBEHER AR RS FIEE R4 ( Vesical
Imaging-Reporting and Data System, VI-RADS ) #EAR TN s ILUZ 208 75 16 i (R BT 2A T, (12451134 Ryie
T ) (B AT A7 R s A B B 2 s R /INTE e R VA T B — 2 R B I (. PR A 92 B 7EFR Y VI-RADS
WA e /N T PP AR 0 e i U2 B T e Wikl g . ik BN EE20194F 11 ] —20224F2 7 52 HR A7 [ i Jigg 1=
BElsia 111901 2 F AR S5 i B2 AG A E S e i s (L1594 AL ) IR R B HE L S BMRULIG RSRE . 6 44 il S Rt
BTk SE R REA KE R4 T VI-RADS T3 DL s BE IR 2 < & ( tumor contact length, TCL) MM &, XFFIE0ml K/IMELE
255 DAL A BRI R ik i — 4518 . SRAZIAE THVERHIE (receiver operating characteristic, ROC) HIZ53#HrVI-
RADS. TCLEWHBEAHBIMNLZRIEISIALRE, A AER 4 N1E L (area under curve, AUC) . REE . F 5
BE L PRPESGE ( positive predictive value, PPV ) . BIM:HUNE ( negative predictive value, NPV ) FHSWiERf 5 #4171
B, &R, RERHAraiiss, JENUZRMPERENEE ( non-muscle-invasive bladder cancer, NMIBC ) FIUZ 174 5% bt
J# (muscle-invasive bladder cancer, MIBC ) Jikl434l k7541844~ . MIBCZLF#4TCL (6.15~6.23 cm ) 5NMIBCZLF-#4TCL
(2.26~2.35 cm) fAEREES, ZRAGH¥E X (P<0.05) o VI-RADSECATCLAE F [ i MLZ i 8 7 1 45 5
JE . PPV S B Y i 2 i T BN T A3 4 S 2 BB A VI-RADS (P<<0.05) , {HRBUEFINPV 2 RG24 X
(P>0.05) . TCL (AUC=0.89) . VI-RADS (AUC=0.90) JVI-RADSELGTCL (AUC=0.91) (AUCZ: 7 g1 X
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[ Abstract ] Background and purpose: The value of Vesical Imaging-Reporting and Data System (VI-RADS) based on
multiparametric magnetic resonance imaging (MRI) in the preoperative assessment of bladder cancer muscle-invasive is increasingly
recognized. However, there is still a high number of false positives when the diagnostic cut-off value is 3 points. Tumor size has
certain auxiliary diagnostic value in the assessment of tumor infiltration. Therefore, this study mainly explored the diagnostic
performance of VI-RADS combined with tumor size in assessing bladder cancer muscle-invasive. Methods: The preoperative
bladder multiparametric MRI and clinical data of 119 patients with bladder cancer confirmed by surgery and pathology (a total of 159

lesions) who were treated in Fudan University Shanghai Cancer Center from November 2019 to February 2022 were retrospectively
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collected. VI-RADS score and tumor contact length (TCL) measurements were performed independently for each lesion by two

radiologists. Lesions with differences in score or size were given consistent results following discussion by two physicians. The
receiver operating characteristic (ROC) curve was used to analyze the diagnostic performance of VI-RADS, TCL and their combined
models for muscle invasion, and the corresponding area under curve (AUC), sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV) and diagnostic accuracy were compared. Results: Postoperative pathology confirmed that there were
75 and 84 lesions of non-muscle-invasive bladder cancer (NMIBC) and muscle-invasive bladder cancer (MIBC), respectively. The
mean TCL of MIBC group (6.15-6.23 cm) was significantly different from that of NMIBC group (2.26-2.35 cm), and the difference
was statistically significant (P<<0.05). The specificity, PPV and diagnostic accuracy of VI-RADS combined with TCL in predicting
bladder cancer muscle-invasive were significantly higher than those of VI-RADS with a diagnostic threshold of 3 points alone (P<<
0.05), whereas there was no statistically significant difference in the sensitivity and NPV (P>0.05). There was no significant
difference in AUC between TCL (AUC=0.89), VI-RADS (AUC=0.90) and VI-RADS combined with TCL (AUC=0.91) (P>
0.05). Conclusion: VI-RADS combined with TCL can reduce the false positive rate of VI-RADS 3-point lesions in the evaluation of
bladder cancer muscle-invasive to a certain extent, which is beneficial for avoiding overtreatment.

[ Key words | Vesical Imaging-Reporting and Data System; Tumor contact length; Muscle-invasive bladder cancer; Magnetic

resonance imaging
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Wz —, Hh 2R EMERERE (muscle-
invasive bladder cancer, MIBC ) HJ54E/EFER N
60%~70%, HZJ50%M i H 2k A e ab i 7%
U REA R TR MO B R 2 et L B
Fo P, RGO SR e B R AR A T
e SIBEMENUZ e 32 BRI E VIR . B AL
JE R AR A2 R I e i B8 IR T O iR RS 1
HEHZE, XFIEMIBC (non-MIBC, NMIBC)
B, IR EFZEURSHAIT N E, G IRIE R
PR YA ( transurethral resection of bladder
tumors, TURBT ) , FE{f B %M A0[RI B m] 2 5
BTG E . M FMIBCEE, —MBLABET
WG T, RIHAHER AL R B S,
WLAIHOT . AIT . i MR IRIEY T A, RE
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2 S B PE i4% ( magnetic resonance
imaging, MRI) Z—FfraltEk4, HAR
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( Vesical Imaging-Reporting and Data System, VI-
RADS) '*'. BARBEFEATSE %KW, VI-RADS
T T i JDE 98 L) T R R S AT 0, HR

WangZs "V BHFSE & B, VI-RADS 343 7EiFAf L
JZ IR 29 1/3 FNMIBCHR kb £ Bl At 1R T 25
MIBC, & PATEZE R, T BOL BEEYT .

WEgT 0 R, IR R A (tumor
contact length, TCL ) W] LLH T4 B2 Wi g i
TRIBTREE . WM s SR SN R 2 i 110 45 i
B3 emlh AR AL ILZ B XSS 32155 o
lt, A58 B ERSE VI-RADS 5 TCLEX G5 5
( VI-RADS_TCL ) 7EPEAS B bz A2 1238 Jy i
(L IKTLRE o

1 BORMRI L

1.1 ERFER

[l B R 20194F 11 H —20224F2 H T4
HR 2 B e i g = Be A7 5% e 22 2 MR LI % b
TR ROR ., MASRIE: O ZEMRIK & 524
WATTARIGIT s Q) g 289 32 K A UE 55 JR
P& bR @ MRUFAI 2%, A4 T UM
( T1-weighted imaging, TIWI) . T2MARE
( T2-weighted imaging, T2WI) . SREUIMFUSAS
( diffusion-weighted imaging, DWI ) FIghZAX}
He3E s ( dynamic contrast enhancement, DCE )
A HEBRBRUE: O MRIK ARG 1N A A B
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K14 5 B AN S VI-RADSIZ Bk . 40 vk,
WAPA L1963, 159wkt (&
T 84NMIBCHG AL M7SNMIBCHEAL ) , 4E il
32~88%, W iiFire3s, H HH10341], %«
PE16M] . 961 B35 skt 234155 ¥ 2%
ft, <T/AMEE NSOE, =T 0 EE N
601
1.2 MRIEFE

MRIKS 2 % FH 8 [E] Siemens /A H] Skyra 3.0T

MR, 163 AR LA, S
H#EEE LR IE T, K7 E T
BN E IR, TEI A TEMRIKZAHT6 h
NZEE . ME Y, 185 B A TEMRIK £
H70.5 hiN, #5500~1 000 mL/K, FE7ER: A HiHK
PR, KA R AP EM o 5345 5750 SAR S EUL
Fl, MESRERETACHEMUY, HaE T E KA
0.1 mmol/kg. 1.5~2.0 mL/si5FELAUERT L7,
TR 30 s LR MR, ESeHH6lb].
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Tab.1 MRI sequences and related parameters

Parameter T1WI (axial) T2WI (axial) T2WI (sagittal) DWI (axial) DCE (axial)
Repetition time/ms 231.00 1 500.00 6 760.00 6210.00 3.56
Echo time/ms 2.46 101.00 101.00 62.00 1.39
Slice thickness/mm 5.5 1.5 4.0 4.0 3.0
Slice interval/mm 4 1 1 1 1
Field of vision (mm X mm) 300300 300300 230X230 320320 330200
B value/(s'mm™) / / / 0,1 000 /

1.3 BERABMEIES 3

H 9 44 3 W B A SHTLO4FE WA IR 2 4t 12 W 4 56
{149 AT S R 5 VI A X e o B 2 A 2 A7 O S A
H 4 AP R oL N EE A S hm R
4 ( picture archiving and communication system,
PACS ) HHRHEVI-RADS A5G 12 X kst
rvPAl, ARG 0 E sk TCL . o7 B V-
RADSTE M55 . TCLI AL Ky T2 WA {57 il
JORBITCLIW B P Y e RME . 4 VI-RADSI 43
SRAERE, ZUHEE N B IER R AL
o XFFVI-RADS 34rkl, #TCL<3 cm,
M€ X HVI-RADS 3A, #ATCL=3 cm, N5E X
HVI-RADS 3B, X TVI-RADS H AT (954t
TN FREAES

VI-RADSPEAJE AN T . 1B NUZET2WI
FIDWIE 73 5 ARG 5 Frh 88555, kb 7e
T2WIRIDWI 43 510 455 s fs =, N2
G I BT R IANUZRE . DCER] UL At
HseAk, BANUZ R, EWAET R
A5 55 FHT2WITAL E A UZ ) 5e 2k,
1M A FIDWILE DCE#E— 25 PFAl HILIZ = 4 0L -

WIS 3 STy, 45515 HH VI-RADS
W, BARZEGIEor 4N 275 VI-RADS V5145
B A DU JLJZ R I 4 KR A
1.4 JRIBFEHZHE

JIr A (B B 2 S HUMR I 5 2 J8] N A 7
TURBTEB MEARIG ARIGST, TARRAZ G
IRt SRAT10% HY B AT 61 , KRS EA T
Wik, EM . BN, B, WAk, YR 0
R R HH-ER 6, ®EH-EY f, IR RA
1 54T A PR 25 Gt s L2 A A 25 06 i PR R I 2B A 7
H-EF e gl 28Uk 2 e i, FFHARIE 3¢ B e Bk &
Z= 514> ( American Joint Committee on Cancer,
AJCC) SHESRTNMAMI RS ) PEAlie st bR b
AR BEH L RS9 RS L
JERE O
1.5 SritFabiE

ARWFFE R FIMedCale 19.6.05kF 414834y
o MK B LB MIBCHINMIBCHI VI-RADS
PO RHZIRE TAEFFE (receiver operating
characteristic, ROC ) HHZi £ F i (area
under curve, AUC ) 7 #r#4#! ( VI-RADS .
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TCLFIVI-RADS_TCL ) Wizlisiag, IFitHaA
[FLALZ W D L2 R 0 RORE . R B
FHPEFUME ( positive predictive value, PPV ) |
m‘iﬂw)—“ {i (negative predictive value, NPV ) Fl

BWIERE, 2R/ R0 TRIE, P<0.05%
EZRAGIEE L ZRHH TR 5 A2
ITEBAUCE SAT1EZE ST -

2 % R

2.1 MRIEEfG RS 3
MIBC4 ) VI-RADS#-43 ( P=0.013 ) FITCL
(P=0.001> 5NMIBCAHAMIL, 2RESIT¥

IR A14S, HA A 16/4155 k2R J5 s B2 46 A5
I WNMIBC., XFVI-RADSIES> }34r HTCL<
3cmﬂ’1ﬁkiﬁ TREBALIR, 31.7% (13/41) 295

2EAG A IE S NMIBC 9 k5 % VI-RADS
3A, 7.3% (3/41) ZJR ARG AR S A MIBCHY)
ikt LB A VI-RADS 3A, $kE2LTF 1594,
TCLA (4.124+4.20) cm; HANMIBCH754,
TCL¥ (2.26+2.49) cm; MIBC /84>, TCLN
(6.15+4.46) cm. Z 356 1R 12 T MRIE
1% B /) R B L 1 R2 .

®2 HBiFHHEMVI-RADSIEN RFEIEFMELER
Tab.2 VI-RADS score and pathology examination results of

target lesions

SC, PIALIR KR B kAL B 22 e et e X

VIRADS 1 2 3A 3B 4 5  Totl
(P >0.05) o HFREEVI-RADST-73 M # NMIBC 0 45 13 3 4 0 75

E1 ZAFGNHNMRIESG RIS REE

Fig. 1 MRI image and outline diagram of classic case 1

A 55-year-old man with a bladder tumor underwent multiparametric MRI before primary TURBT. Pathology findings showed that urothelial cancer
cells infiltrate only the mucosal layer. A: T2WI shows a broad-based tumor without high signal intensity thickened inner layer but with no clear
disruption of low signal intensity muscularis on the right-lateral wall. VI-RADS score for T2W imaging was 3. B: DWI (b=1 000) shows a broad-based
tumor with restricted diffusion but with no clear disruption of low signal intensity muscularis propria. VI-RADS score for DWI was 3. C: DCE image
shows early enhancement of the muscularis propria with no clear disruption of low signal intensity muscularis propria. VI-RADS score for DCE was 3. D:
After measurement, the TCL of tumor reached a maximum of 2.5 ¢m on the axial view of T2WI and was classified to to VI-RADS 3A.

E2 ZBEFEHI2HMRIEGR AHHREE

Fig. 2 MRI image and outline diagram of classic case 2

A 69-year-old woman with a bladder tumor underwent multiparametric MRI before primary TURBT. Pathology findings showed that there was
urothelial carcinoma cell infiltration in the muscle layer. A: T2WI shows a broad-based tumor without high signal intensity thickened inner layer but
with no clear disruption of low signal intensity muscularis on the right-lateral wall. VI-RADS score for T2W imaging was 3. B: DWI (b=1000) shows
a broad-based tumor with restricted diffusion but with no clear disruption of low signal intensity muscularis propria. VI-RADS score for DWI was 3. C:
DCE image shows early enhancement of the muscularis propria with no clear disruption of low signal intensity muscularis propria. VI-RADS score for
DCE was 3. D: After measurement, the TCL of tumor reached a maximum of 4.23 c¢cm on the axial view of T2WI and was classified to VI-RADS 3B.
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2.2 VI-RADS. TCLEIMFNELEEAIIMIBCH
VI-RADSTE43 B 30 15 e 9 L2 420 7
HAUCH0.89. LUI3H1E NI NLZ R
TR MERT , VI-RADS IS T % bt g L2 35
TR REE . FEFE . PPV, NPVAHIZ W
FE43 5 589.34% . 73.31% . 78.96% . 85.93%Fl
81.89%; LA4ZME AL W bt Jes LU 30 1) A o
BF, VI-RADSTF43 Fuil 5% i s L2 132 1 i R A
JE . RRSEEE . PPV, NPV KRG 5 51 1k 5
59.52%. 94.67%. 92.59%. 67.62%#176.10%.
TCLAE R B ez NUZ =18 7 T AUC50.90,
FELL3 emfE R ALZ R TE A2 Wibn e mT, R i
B BRI . PPV, NPVHIEZWIAER /535 )
77.38%. 81.33%. 82.27%. 76.25%K179.24%,
VI-RADS_TCL7EMMIBC /5 i fJAUC

50.91, VI-RADSS5TCLINAUCZE RS2
& (7=0.686, P=0.49) , TCL5VI-RADS
TCLINAUCZE R LG iT2#3E X (Z=0.099,
P=0.92) , VI-RADS5VI-RADS TCLAJAUCZ
SXG = X (Z=1.683, P=0.09) . LIVI-
RADS =3BfE HZWiMIBCIHAr e, H R %
BE . BRSEEE . PPV, NPV IS W AE R EE 43 51 N
85.73%. 90.72%. 91.11%. 85.07%7188.19%.,
AL W R LT LA 2 A2 Wi R (E A V-
RADSZH#A, HAUC (P=0.09) . R
(P=0.21) FINPV (P=0.26) HIREH BFHL
Ax (HHAERSE | PPVANSWIER A 0 B iR
m (P<<0.05) o &M 2WiB AP MIBC YR
BEA TS L3, VI-RADS . TCLEAMFIEE A
i 1 4 INMIBC 5 MIBCHJ2 Bk BERIROC i £k
L3,

®3 BMLCETERITMAMIBCHIERE R

Tab.3 Accuracy analysis of various diagnostic models in assessing MIBC

Assessment Sensitivity/% Specificity/% PPV/% NPV/% Accuracy/% Youden index
VI-RADS (3) 89.34 73.31 78.96 85.93 81.89 0.63
VI-RADS (4) 59.52 94.67 92.59 67.62 76.10 0.54
TCL 77.38 81.33 82.27 76.25 79.24 0.59
VI-RADS_TCL 85.73 90.72 91.11 85.07 88.19 0.76

VI-RADS (3): The diagnostic threshold is score of 3. VI-RADS (4): The diagnostic threshold is score of 4.

100
80
2 60
i
£
=} /
3 {
40 |/
20 | — TCL=0.89
—— VI-RADS=0.90
- VI-RADS_TCL=0.91
ot

40 60 80 100

100-Specificity
E3 TCL. VI-RADSFIVI-RADS_TCLFMMIBCRIROC £k
Fig.3 ROC curve of TCL, VI-RADS and VI-RADS_TLC for
predicting MIBC

VI-RADSYEMIBC 12 Wi J7 1l B4 52 I IR
WAE, ABF5EH, 41.47% (17/41) HIVI-RADS
3439 kb 22 P24 K AT IE S ANMIBC, R VI-
RADS 343 B kAR 2 AR BH PR SR ) T, 4%
B B R S EGE B2 R A, TR ER
JPORUR, RN BERIANLERN G, AR
ZEREH], VI-RADS TCLT D42 mi2 Wik S i
T R ARAB BE 1 6, DT 7E — o R B L s A ik
FEIRYT, IREBBEM, (FRF 2. fEi2Wr
PERYTURBT AR, B2 0 B8 W05 766 165 3 1o 114
ARG, XF T AR TR B B AR ME AR B, Al
) —BE RIS AIE S T 3X — 5, WangZs ) i —J5
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YA 34001 B F ESE E IR, BEIF A VI-RADS 3
SRR, A 33.3% 09k BHIE S A NMIBC .
Barchetti% "' g — 3 [0l BMEBESE K, 54.5%
fVI-RADS 34MkE WNMIBC, {3045 1% 30
AVI-RADS 3733 — 1153 K X TR & BV I-
RADSIZ B AE H 30 5 B () T2 R, A5
45 W], VI-RADS TCLTETFAEMIBC 7 1 (4
AUC, REGEHINPVEIVI-RADSEAN Y F B IRk 22
SEG I FE L (P>0.05) , {HRSE RPPV
JiTH#VI-RADS ( LL343 A2 WS {6 ) FMTCLH
MO A BT (P<<0.05) , FUXFREE
W] AFEAS 35 RN R A R L T
RN i 1m0 g0 T, 20
P B ], O T RS RIFEAC, RIffinTgE
HE RS, BALARZEE, (h
IR JB A A I 3T 22 2 RHSA M S e
Fe XN B UEAT B AR 1A AR Bl PN B A Sk
ANHEM 3Z B AR VA R BIMIBC 3, nli i =Bk
1AY7 (trimodality therapy, TMT ) , Bli& KBREE
TURBTIFE G AR 5 255 107 1 it AR J5 i fe 7
HFIRYT, RETMTSRIGYERS DEVIBR A ) B35
MBI B 255, EARRRBE T Lok
WA 4F ARG i . VI-RADS TCLAH H T LA4
A3 ST BE B VI-RADSTESY , AU b1
FESEREFIPPY, IR VRAN T HAE 7 0% S Wi o
B EARE ., I, VI-RADSSTCLIEES LW
B BENE 7F— BRI L FRANVI-RADS 3534k
PR

Barchetti® ' X750 5 b g £ 2 9EAT [0
PERFSE 2P, LIVI-RADS =343E Hi2WMIBCHY
FrRAERT, R AR FIRE 5 B 530 2 91% F189% .
HEMakboulds 7 HiE , VI-RADSLA3S: s i i
LA TN s e UL 2 30 P %) S8 0 A S P
Pk F]78%F188%, 1fiiMarchioniZ ') (I HFST 45
R 86%H187% . AMFFEFE LA VI-RADS =3
S3AEFMIBC I W [ (B2 W 16 58 A0 R 4 5 1
TR 89.34%FN73.31% . ANMFGY 1) 2 LR AR 5+
FERSAS T FIRBIAGIESE, 1] BE2 P A 57 2 Jik
THAT B AT AR KL A SR A T T, AL T
[F 2RI R R e SO kL, ARS8 b /I

KL BIER, TRES A — R L S 80T
i 175 o

TEAWSE T, NMIBCH5MIBCYHE4EITCL
AR EXER (P<0.05) , HEMAUZEIEG
AUCHLIA$0.89, $/RTCLTE M B e jes =12
57507 A —E RN, R, AhnZg U
BIRFFE A3 em ¥ TCL K i2 W 189 (e % i 1o 98 L2
R PEAT I, HAUCH0.90~0.92, i FVI-
RADSIS33 43 i k& T A 143 v dee L4 3L
JF HVI-RADS =475 ()98 k1 09 4 55 B B I i
TCL, {HRBEH W ZEMLTTCL, KA
4 VI-RADS 5 TCLXMIBCHU % RE HEAT IR T o
AHFERI3 cmATCLIE K VI-RADS 343kt
TR, FIRT VI-RADSHIBBHPEZ, MfiZE
—EFRE Lkt T R T IR

Wang% " HF5E BR, VI-RADS TCL
B HE 5 HIPPV A5 H82.46% ~ 87.72%Fil
90.91% ~91.59%, %% & T VI-RADSIT-4>
(P<0.05) . AWFREREGZHRML, [EARPFR
g LU R R AR S B VEBURE BT A RS
ABRUERAL, A4 T —S BN LE, A
IR R Aok, FA TR A B PR I 14 -

ARWFTEAFAE AT BRI B, AWFIE ke
A/l BT, RORHEEZHA
HMZHL R ERIE; HIK, VI-RADSHTCL
AR B TCL M 5 2t — 245898 s I,
ABFEALE TCLI T-VI-RADS 373 M it [ 2% Ak
B, WX FVI-RADS 243 K453 138539 kb2 15
AT HME A RFR R

i b, MU izWis{ERT, VI-RADSS
TCLEYBEA B B AR A DA B2 e UZ 12 I 2 A
B BE IR HE VI-RADS E B H B (2 Wk fie
{HA]FEMRVI-RADS 370kt B BHIE AR, 7E—
FREE Lok Gad BEVRYT, B — AIm R AE R H
VINIER

FERMRAER: IrAEE AR £
Mo,
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