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ABSTRACT

Objective This study explored the value of the models based on the preoperative multi-parameter magnetic
resonance images in identifying clinically significant prostate cancer. Methods Our study was a retrospective
study on 332 patients who underwent mp-MRI examination in Affiliated Hospital of Nantong University. After
a collection of their complete preoperative clinical factors and pathological outcomes, these patients were
randomly classified at a ratio of 7:3 into a training cohort and a validation cohort. We applied T-test or Chi-square
test to assess whether the differences of clinical risk factors between the two cohorts were statistically significant.
Applying PyRadiomics were for radiomics features extraction from T,WI, DWI and DCE sequences, we retained
the radiomics features with the highest correlation with CsPCa after selection. Therefore, we got the radiomics
score formula based on the summary of corresponding coefficients of the radiomics features. We evaluated the
performance of the radiomics models via accuracy, sensitivity, specificity, Area Under Curves, Receiver Operating
Characteristic Curves, Decision Curve Analyses and calibration curves. Results 1. We randomly divided all the
patients into the training cohort (n=232) and the validation cohort (n=100) at a ratio of 7:3, and all the variables
had no statistical difference between the two cohorts. 2. After assessing the efficacy of the five radiomics models,
we found that multimodal model B showed the best predictive efficacy, with AUC values reaching 0.90 and 0.86
respectively in the training and validation groups. The calibration curve illustrated good agreement between the
predicted and pathological results, and the DCA curve also showed the greatest clinical benefit. The accuracy
and sensitivity of model A reached the highest among the five models, 0.86 and 0.86 in the training group and
0.81 and 0.78 in the validation group, respectively. The specificity of DWI model reached 0.91 and 0.80 in the two
groups, which was the highest. Condlusion The mp-MRI radiomics models could be applied for predicting CsPCa. It
demonstrated its excellent capacity for facilitating preoperative predication and clinical decisions.

Keywords: Mp-MRI; Multimodal Radiomics Model; CsPCa

HTEREL B RFERE ZSHRE, (ORTFiE. TPE, TSN E
REEZFELFANEE, B +ERBEESRELARRNER. BTERVEFLER
SKHIGKRERI, B REENRISEHNDRTF RS, SEREFE". L, FHHi2
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Bai, si5EBENIZHAERBTIMERRERE. FEFRE, g7ERER
iR (prostate specific antigen, PSA)2—MEHAIFIR FRARSWNEAR", 2
FHIFIBRENESIEN, SHTRBENLSH. REIERTEZNEX"", BH
KEZHFIRA. REBRARSRELGESEZTM , SHELHITIRENESE
Bik. REFERZIZHAITIRERN “Sing” , iR ERI 2N ANALRRE
F R ERGleasonFH R4 (gleason score, GS). WRIBLUFHMZRHIERE, CsPCa
HE X AGleasoni N H=3+4, 20174F, EEMWBRINEHS(American Urological
Association, AUA). EEMRS AT FHHEF M= (American Society for Therapeutic
Radiology and Oncology, ASTRO)EX& A HMIERE N FRIZ R NGleasoniTs
>3+40EE, MERIMFARA. BYHREATSHE". Eit, MFRERMY, &
FARANERERMYXERHANEIRKEXWRIFIRER IRKMANES, S5
HIRM & (multi-parameters magnetic resonance images, mp-MRI)BHFE AR
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1.1 BRMWR EFREHR T 2020568 £2022F6 B1ERBAS

M ERet TR 7R mp-MRIREHAZ S g F IR ARHEE,
MANIFHE: TEMmp-MRIEG, SIEEMT,-

WI,DWI,DCE-MRI; TEMNIRRMKRBZEN,; HixingE: 28

EBY B B E AT, MRIBMRREXE; MRIKERIHITIAE

AT, WM.

1.2 IRFREE =EWREFREANABERTNER. MBFtPSA.

fPSAL f/tPSARIKTE, HIREBRIVIBRMAIEEXAEGREXLETR

) /61t B H BI 5 BRAY AR (prostrate volume, PV); Ii&EtPSA/
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PVItEH FI 5 R4S R R % E (prostate specific antigen
density, PSAD), REMIHAtKRINFEHRITHNAEE
FrE IRRRSHEIIGAMNBIIAPNERETEERITFE N,
1.3 REHRE FENABRERRIBRELRD NMA:CsPCald
(GS=3+4)FFECsPCal (GS<3+3MEMRE),

1.4 MRIEZEMEGIKE MRIEG (BFEmETWI. DWIFIDCE-
MRIFF)HRRIZOLFA QR EEREEZEMAT. MRIKRE
—&3.0T MRIF3##{Y (Discovery MR750, GE Healthcare)F|F8
BEMNESRELETA, DWIRbE0,1000s/mm?2, EEED
EMiI, AEEEARG EMEUSHRE TS, HESHTITRL

&1 mp-MRIBEEFIINEHSH

F%  TE/ms  TR/ms FOV/mm? Matrix Layer thickness/mm Layer spacing/mm
ToWI 95 3000 200 X 200 240X 240 3 0
DWI 80 6000 220 X 220 128X128 3 0
DCE 1.5 4.0 220 X 220 288 X288 3 0
1.5 BUAF LR

1.5.1 WD BISHERI — B SERIMEIZMTE IR ES
M EMReaderlZEITK-SNAPE 4T =N F 512 52 E A EROI,
HEMRVOI, tEEEL—RFAEEEMEROl, A, 5—F
20 2R ARSI R E MReader2 k3 33 F 7 # T A E RO,
S@ROIBY, RFAMBRBINNG MR, REFHEVOl, WE
BETEHE B F (laplacian of gaussian, LoG)Fl/\E
(Wavelet) g 23T IR, FEHPyRadiomicsEB#HITHFATF
FHERVIREY, MBTEFHIFRDIREEIL07T5MFHE, S MRAH
RENT 3225 MU AR HE, RENAVHESE: (1)EASFREHE:
FIHNREFRE, =AEMEER. IKEES; (2)—MSaRfHE:
IR EE. BF, ()BETREZTENHRENSIRFHIE:
TR EE L4 5B P% (gray level co-occurrence matrix, GLCM). X
IR KEFEPE (gray level run-length matrix, GLRLM). RER
TIHFERE (gray level size zone matrix, GLSZM)%,

1.5.2 FEMASERME, T RIENNFERA—k, LUER
REXEECEN, HEZIFRT SpearmantBx RZEVNF0.9
NIRRT, RERTEREENHNAFHIEEIUTIR
WEERN: ()BT EAEMEX R F(LReaderlfMReader2 ik
FHEMATES M, AREXRIERReaderINFA D BN A E
S, RARGEXRL>090FE. (2)FRRNEXTUEN
EEE T (least absolute shrinkage and selection operator,
LASSO)X4HE#1TPE4E, FIFASITR XL RER) R
EMERMEBNAFERE, RESEME, KRB TRIERETH
0NEH, (3)K LARRARERIMGAFIE R AN R EAF
QFEINE 2 R AEMNH ST A ST 5 (radiomics score, Radscore)
DAEET AMERAFELY, SE=DNETFHAUT.WI
DWI. DCEME—RBURMMLIREEL, SRERFHEFE
BAZNT,. DWIFIDCEFFIRMNAF TR EIERTRILA, M
ZIRBIRIBRE T 1075 X 3MMUNAFHE R LSRR, FH
ERE. BHRE. T®E. AUCE. ROCHIZ. DCARRZRIR &
R SRIT (G AT FAE R A M EE, HAEIEAFH#HITRIE,
1.6 Zit 9 ERSPSSHF(V.26.0) MR (V.3.6.3
https://www.R-project.org) S #IBH#HIT DT, RATIREPH
“pROC” « “rmda” . “rms” # “foreign” MEBLFIATF
RHIROCHRZ. DCARMZ. RUERLE, TESPSSHTAH AR
RS ESHHNESTE, XETSHTETIEERE
R, WOXTEMLLRREAFRE, XETSHMEMF IR
iR, PE<0.05ANEREERITER N,

24 R
B1ER T BN IERE.

2.1 BE—RGEE BRAPMNTRNI328 EEIRT:30ELBIKEH,
PRINZRA (2322 EE)NEILA(100R2 B E), FrIEIRKRESEH
BHEERS, RBItPSA, fPSA, f/tPSA, PVAIPSADE BEMAEIT
FIHFEN(P>0.5, &2), 3328EBEH, £H1404ICsPCaFl1924!
IE-CsPCa(EIEIRRTE X B 5 IR e 7RG £), BENFIYE
ESTEIIZRAA969.45+7.93%, B4R+ 7969.851+7.53%,

2.2 BAAEEEBIT S MT.. DWI. DCE=MFEHISF!
1REVE 1075 N IEIHE, @ ISP 4 S (B2) T, DWIL DCE=
MEFDHIMRET I 14, AN KBRS AFHE(E3), R3IBE

T MRENHNAZ AN, WEMRETEIZAMIEIEAF
AIZHR BT ML /R R L (FR4-5), RE BWAUCERS, TEill44A
FIIELEH 73 513X £ 0.90(0.86-0.94)#10.86(0.79-0.93), 1REIARY
ERENRRETL MEEPRIES, JIGAF25)790.86H]
0.86, HIFAH 5 51790.81710.78, DWIREMIFREARAS
AiXE]70.91710.80, XTEAMERRZREM. ROCHLZ(E4)
B, REBMAUCEZR K. DCARNLMRIE L (B5) IR 7
REBRImARE A,

1)

H1A-F1B TR, HIA RENA B0 TR, HIB BAA¥ THERER

#R2 I 2R48 T BT 40 20 3 |y e B BT L 3R

BHE I%EAN=232) %4 (n=100) P&
FH, % 69.45+7.93 69.85+7.53 0.67
PV 0.65
<57.76mm? 147(63.36%) 49(49.00%)
>57.76mm? 85(36.64%) 51(51.00%)
PSAD 0.68
<0.66ng/(mL-cm?)  163(70.26%) 85(85.009%)
>0.66ng/(mL-cm3)  69(29.74%) 15(15.00%)
tPSA 0.73
<29.98ng/(mL-mm?) 169(72.84%) 71(71.00%)
>29.98ng/(mL-mm?)  63(27.16%) 29(79.00%)
fPSA 0.44
<6.22ng/mL 183(78.88%) 75(75.00%)
>6.22ng/mL 49(21.12%) 25(25.009%)
f/tPSA 0.19
<18.77 141(60.78%) 53(53.00%)
>18.77 91(39.22%) 47(47.00%)
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T, Radscore
=0.408

DWI Radscore

DCE Radscore

1=EIA Radscore

8B Radscore

+ 0.142*log-sigma-3D Glrlm LongRunHighGrayLevelEmphasis T,
+0.043*wavelet-LHL firstorder Range T,

- 0.039*wavelet-LHH firstorder Minimum T,

- 0.023*wavelet-HLL firstorde rRootMeanSquared T,
+0.078*wavelet-HHH firstorder Range T,

- 0.027*wavelet-HHH Glszm LargeArealowGrayLevelEmphasis T,
- 0.053*wavelet-LLL firstorder Minimum T,

- 0.034*wavelet-LLL firstorder RootMeanSquared T,
+0.0181*wavelet-LLL glrlm RunEntropy T,

=0.415

- 0.058*original ngtdm Busyness DWI

- 0.248* log-sigma-3D firstorder Minimum DWI

- 0.064*wavelet-LLH firstorder RootMeanSquared DWI
+0.17*wavelet-LHL firstorder Range DWI

+ 0.006* wavelet-LHL firstorder RobustMeanAbsoluteDeviation DWI
+0.028*wavelet-LHL glrlm RunVariance DWI

- 0.123*wavelet-LHH firstorder Variance DWI
+0.069*wavelet-HLL firstorder RootMeanSquared DWI
+0.080*wavelet-HHH firstorder RootMeanSquared DWI

- 0.025*wavelet-HHH firstorder TotalEnergy DWI

- 0.072*wavelet-HHH firstorder Variance DWI

- 0.230*wavelet-LLL firstorder RootMeanSquared DWI
+0.018*wavelet-LLL glrlm RunEntropy DWI
+0.078*wavelet-LLL glrlm RunLengthNonUniformity DWI

=0.408

+0.003*original ngtdm Busyness DCE
+0.142*wavelet-LHL firstorder Maximum DCE
+0.055708*wavelet-LLL glrlm RunEntropy DCE
+0.066*wavelet-LLL glrlm RunVariance DCE

=0.041

+0.300* T, radscore

+0.129* DWI radscore

+0.661* DCE radscore

=0.405

+0.124*wavelet-LHL firstorder Maximum DCE
+0.005*wavelet-LLL glrlm RunEntropy DCE
+0.016*wavelet-LLL glrlm RunVariance DCE
+0.076log-sigma-3D glrlm LongRunHighGrayLevelEmphasis T,
-0.067*waveletLLL firstorder Minimum T,

- 0.048*log-sigma3D firstorder Minimum DWI
- 0.006 *wavelet-HHH firstorder Variance DWI

R4 NAPSEE AN LETEE
yit) AUC (95% Cl lower-upper)  HEHE #HRE HRE
T, 0.80(0.74-0.86) 0.75 0.64 0.85
DWI 0.77(0.70-0.84) 0.60 0.57 0.91
DCE 0.81(0.75-0.87) 0.77 0.67 0.85
1ERIA 0.86(0.80-0.90) 086 086  0.71
1A B 0.90(0.86-0.94) 0.82 0.83 0.86

®”5 BIFAPEEE RIS MR AL
®RE AUC(95% CI lower-upper) HERE SRE BRE
T, 0.80(0.71-0.89) 0.74 0.89 0.63
DWI 0.65(0.54-0.77) 0.55 0.50 0.80
DCE 0.76(0.66-0.86) 0.71 0.67 0.76
TREYA 0.81(0.72-0.90) 0.81 0.78 0.78
1=E B 0.86(0.79-0.93) 0.75 0.84 0.76
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BI4A-BI4B Fr A7 WU A R BHROC 1 % (ET4A ) %R 41; 4B Taif4l)

5 50)

BI5A-BISD 7k 4t 41 4% AU BHYDCA W 4 fudk v h 4 EISA-TEISB DCAmh 4 yik
R, xERTEME, RERBARTH AR MEAEH N
CsPCatyfii%. (EISA: %k4l; ESB: Iif4l); (ESC-ESD) yhk
TRSEFRCSPCathi it 2 xdbR F WM ; 4558 &R KB FM
SR RARETNCPCatly £ I, B LAREAVE)E FINCsPCaly I,

33t i

mp-MRI 212 W §i 5B R & SN B R SR B RIS
BHZE., FESRTINEFAE HMEESEAEHENRS, K
FHASER—MINYN T EEBRA, FIFASMNHERRSH
BESRRES TSN, ERITMESFRENRES LR
BENTETNSEERE—2ENY, Eit, BImsAS
=B 2 IR IR BT I B B E M R AT R A RIS, HRY
BN REERMNER, FEEERNAYETFayE

BRSO, MMinS A" B3I T —MEF mp-MRISIHS
BB, BFEFICPCaRICPCa, (EISIFIRAIAUCTES

0.872(95%Cl: 0.823-0.921), 7EIRIEBAZIAIAZI0.823(95%Cl:
0.669-0. 976), It4h, Stefanie JSEABTTWIFFIBFIEEILRY
M FRBFECSPCaFiN PRI B IF(AUC=0.76 ,95% CI: 0.60-
0.92), BT E—MBR, KFFRFRETRNSESHER,
%*Eum%%—?jm |EjJ/|_,\E’J\ %?ﬂﬂ'ﬂ?ﬁiﬁf, EY_L_L'@E%%
B EE LB AER Y, E=fMp—ERh, EFT,MDCE
RS EERE S, I4RE T RIAUCE S 5790.80F00.81, T
DWIRXBIAUCERIE, st A AR HDWIEZRIbEI O,
wmymm%DW%ﬂﬁﬁ%mﬂﬁﬁﬁﬁﬁEE%Xm,@%
EbEMERTEERRNLEL, KimEAl =, A
FIb{ER0. 10005/mm25¢DW|r“7ilJmu§IJﬂyx;:-=Eﬁ1¢li=ﬁx~51 ERA,
TElMetens%A?EL, H15BR 2 M A BE BR R RYb{E 0. 1500s/
m2%, X F R EbEMEER DR R RFRIIH .
KARKAT EMEARD NG E, RA-HEREETE
MEEHER, W HRETES, SERMENEEYE, £
B ATR S BB AR S A i TR E AR
BB ENRES, WSERRBMEEERSAEMRNEESE, %
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EAERBE AT RFTmp-MRIFPIZENEIH3325 MER L4 5185
BT MR MER, SIE2ANRET.FIINEE, 27 REDW
FF SIS I3 R EDCEF ST, SEMARRRNE, i
TIRENT RIAH—BMEE, HER T SRR SR AR
BOHITIAMER LR, XERIRIHE A B ERRE R D REES
HESARENRTRES MENEE, NS TREESS
WFEEEH%E%MT%EWMOT$M SH, TR %I
*iiBE,JH_ggﬁ'fE%BEIQZLI‘J%/M/EZ*D’J\/&/IU/EZLEEFE’J ﬁ'ﬁD\Nl

RAFDCEREMHEINE— R ARBE R, REALIIED
AYAHIES CsPCaRvAEX M LE RISEIRE R,
EHUZISEH THERRME. Bk, AMRE—TEFOHNEEH

MR, XORSBEENERRE, FWRENAEE, i)
JI—H"): ’EEF@%{ #HITEE, RITRENGENE. =, &H
"EPDWM%E:E’Jl’)IiﬁxﬁZﬁEEﬂEE AR TERSbENO,
10005/mm, ARSHMRT, BANESBEEZERENDE
BITDED, WAREbENIZETRHITHR.
b, EFARFImp-MRIFFAFFENAFRE T TN
CsPCaf AERBMIZHTH{E.
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