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Abstract

Objective: To explore the differential value of synthetic magnetic resonance (SyMRI) based ra-
diomics model for benign and malignant prostate lesions. Methods: The imaging and clinical
data of 213 patients with pathologically confirmed prostate lesions from November 2020 to Oc-
tober 2022 in our hospital were retrospectively analyzed, of which 108 were benign and 105
were malignant. Patients were scanned with conventional MRI and multidynamic multiple echo
(MDME) sequences. Random sampling method was used to divide the patients into training and
validation groups in the ratio of 7:3. Python 3.7.1 was used to collect features from the patients’
images, and T-test/Mann-Whitney U-test, mRMR, LASSO algorithm and Spearman’s correlation
analysis were used to screen the imaging histological features, and logistic regression (LR), sup-
port vector machine (SVM) and random forest (RF) were used to construct the T1, T2, PD and mul-
ti-sequence quantile map. Quantile map and multiple sequence quantile map for imaging histology
modeling. The diagnostic efficacy of the models was validated by subject work characteristic curve
(ROC). Results: Radiomics model in different quantitative maps, the combined multisequence
model had the best efficacy, with area under the ROC curve (AUC) of 0.859, 0.905, and 0.852 for LR,
RF, and SVM in the training group and 0.850, 0.889, and 0.847 in the validation group, respective-
ly, with the RF model having the highest AUC value. Conclusion: The synthetic magnetic resonance
imaging histology model has high differential diagnostic efficacy for benign and malignant pros-
tate lesions, with the best diagnostic efficacy of the combined multi-sequence model.
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1. 5|

1iij 1 5 (Prostate Cancer, PCa) /& 4= th 5 53 1t i i WL Rt 2 —[1], 1/ 47 SR 3 ] 11 471 s 1) 0 2 A
FET- 2R E I IN[2] . HT B BRI 15 B2 W 7 v AL 48 B0 21 e S ME P (PSAVRL I . B W Fi K5 (DRE) P 3k
PRHAZ(MRI). ST, PSA KPBURMER, (HAFFHAL, 78 R PERTZI G0 h 23 N3] — Wi,
PSA > 4.0 ng/mL ] 42 4 J5 B452 75K, b 16 B2 Pa [4]. B4R R AR5 1 BT 51 IR 1)
KN R, A REMGHE HERR 02 7051 IR 5 o5 G2 50 1 s o B2 I fee B 21 77, AR,
RNV RVE R OREAR G R M, HAENGIRSL I, 550 4 B (TRUS) 51 S5 R (1 88 2 I — R 1
BITER, WnZmAi RS [5]. 5140 PSA Kill. EBFRRA TRUS 513 FIERARLL, MRI BAZ5 7
R, Al LA X 2 e AU IR B 450, SRR A 2% PCa w AR AL B . K/INFJE BRI 15 B 6] H AT,
MRI TR 2 W R B R 51 e 8 A o] BRI — 504 [7]. SRT, V52 B AT A1 R R PR AR (1 52
BEERIAEAL, M DUX 73X Beii A8 . B M I RAAR H 2AHAR R — P ot v 2% B o] 55 BB 12 R Fi0 7
WL[5). HET, G4 N T . . FUIRE RS e SRR . 48, et MR Bl
TG R, HRIE DK EE MR BUEE AR T1%08r, B¥E LR SCK 3 (magnetic resonance
fingerprint, MRF) 5 & %G 35 4R (SYMRIZE[8] [9]. &l MRI K £ [R13 N £ 1R R4 7k, W] ALE IR
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PP RN AR Z AP, 64 T T2 FE 5% FZ(PD) K E E K[10]. € BRI S s 50 . 171 A
T FUBRE K B S AR AR SRR T TR A AE SR AR[9] [11]. AT, € B PEIAE WA R 3 B
TINEE RAA[12], FELH 577 1 S AN B AN 28 « A B AR 2 T IR AR R 5218 21 2 R AE i
B L ARRA 9 A S 53 v £ 18 P AL

2. MR
21 FARMR

[ JE 2 AT B 43 A1 2020 4 11 H~2022 47 10 H T4 M K 5Bt I8 BE B AT 1 71 i MR RS 25 1) 58 Bk} o 4%
WAL M R @ B B R 746 BE 2% 2 2 4thafe, 18345 (2022-YKLO06-28-003) . ZHAARiHE: 1) ZF ]
TERTEARIA AT SR VIR A S5 W B 2 1) 2) RETHHESZ RIS R MRI 334, 347 5645 MDME
Pl HERRARAE: 1) MR AT AT, B MEZER . TR BUTEN IIEYT: 2) kAR (R
BHiE <5mm), BFHELIKIE; 3) MR G AR RS, 520 T A8 (1 2) .

22. ERHE

i GE Architect MR 3.0T B4IL4R4T14, 16 & 2k Bl (Anterior Array, AA)Fll AIR40 i 15 25 [& (Posterior
Array, PAY N BE . T B E S IR, RN, Skdeit. BT RS EOLE 1.

Table 1. Prostate MRI scanning sequence and imaging parameters
= 1. AIFUBR MRI HHE 5 Rk &S

2l REWTI TIWI MW T2Wi HE K 1] FOCUS-DWI SyMRI
TR (ms) 624 3515 2663 4200
TE (ms) 16.6 921 87 16/92
FEIR B 7] / / / 170/670/1840/3840
JZJE(mm) 3 3 3 3
JZ 17 25 (mm) 0.5 0.5 0.5 0.5
FLEF (mm x mm) 200 x 200 200 x 200 180 x 180 300 x 300
5 bl 260 x 260 288 x 288 90 x 46 260 x 200
BRI 1.75 2 12 1
[ 8 A K B 5 29 / 16
s A 2 2 2 2
b 1 (s/mm?) / / 1000/2000 /
FAHEET [E] (min: s) 01:35 02:14 04:10 04:12

E% L DICOM #% RS ANEG AT ITK-SNAP 3.8, HIF & U BHEA (B4 A R B)EA K T2wI _E
PRI VEGT 095 BE &5 5L /2) i i 51 s b K2 TH i ROL, AT AE SR R ia %, JEHERR . SRAEA4G 1L,
G EM BT EE Lo N T PP AR A SRR I 528 I A8 3R] — S5, BEALIE R 30 44 s 7E 2 A
JEHHEEA AR B 5 RO ‘)i . 1 5 2H P AN ZH 8] AH OC R £ (1CC) Rt 7T RFAE I — B, 5B ICC /T 0.75
RRFIE .

fiH Python 3.7.1 15244 4H % 3, (PyRadiomics 3.0) WHE/ 5 & & 2L | 1316 MR 2R IE . 045
14 MEARFFE(Original shape), 18 A4™HE J7 ER#{E(Histogram geatures), 75 ME(HUKFIE(Texture features),
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1209 AN ZHHFAE (Transform geatures) .
2.3. ¥HETHIERIREENL

N TR R B A A RHE BT B r AL, S, R —BUEEE(ICC < 0.75) KAFIERL JE 4, SRS
BEAT T A 36/Mann-Whitney U #6556, DUEHE P < 0.05 MURFIE, ik M4 5 R 2R 2 5 Gt L
A g AR5, M mRMR JEERTURFAAHICHIRE, RE T 30 MHKRIRME, SRJ5 KM BN 4axtii
4 A1i% 3% 521 (least absolute shrinkage and selection operator, LASSO) Sy 44 i 4E 54 k47 P 4k A B, i ik
B PR R AE 746 595, ] Spearman AHSG 0 #T tH SURFIE Z AN A R R 8, SRR R EEAHSR(r > 0.7)
FIRFIER D TOR B - R EIH(LR) SR FEHL(SVM) L BEHLAR MR (RF) = - i S b gl Y
L7 M P RESR R AN 2] ROC #i 2RI AR KA Rk, DURA 52 foe (O FAAR A S i A
2.4. EBI0F

WAL T2 2 M E RS, 46 AUC. EFIVE. BURME. FrRth. FHIEHUNE (PPV)FIEA P i
ME(NPV). B HE 26 T PPAl ABERLAS L O TN AR 5 SEPR 2 TR — Btk . b, FRATTRIH] DCA 2k
KB AR RLAE B ML B N A U s, AT AR IR R IR S B SE R B . e, FRATTEEAT T
Delong 3, X RAL 2 8] ) 22 5 64T 1 Geit 2 vl
25. Gert sk

FiAG et M 1E R B4 (v.4.3.0)F1 Python 34 (v.3.7.1)iE4T . RA SPSS 26.0 # A T Bl R & dhs -
FE A2 0 A (B0 P BB bR i 225k 38R, R IEAS 0 A0 180 A b L BOR DY 43 437 (] B R 7% . Spearman
FERA MV AR HE Z TR A OC R 2 SR LR RF A1 SVM A5 AL 7 4 ¥ R HE AT AR /3 T P < 0.05 &
REFAG R
3. f/{R

Table 2. Results of ROC analysis of the three imaging histology models in the training group
= 2. WEE=FhS R ESFER ROC HITER

k] Fe 4 AUC (95% CI) biriifea U etk PPV NPV
T1 0.806 (0.737~0.871) 0.725 0.740 0.711 0.711 0.740
T2 0.754 (0.671~0.836) 0.711 0.671 0.750 0.721 0.704
R PD 0.798 (0.722~0.868) 0.732 0.699 0.763 0.739 0.725
P& 0.859 (0.801~0.914) 0.799 0.795 0.803 0.795 0.803
T1 0.867 (0.808~0.917) 0.785 0.753 0.816 0.797 0.775
T2 0.841 (0.775~0.899) 0.772 0.712 0.829 0.800 0.750
i PD 0.863 (0.802~0.919) 0.752 0.658 0.842 0.800 0.719
5 Es 0.905 (0.853~0.948) 0.785 0.726 0.842 0.815 0.762
T1 0.795 (0.725~0.861) 0.718 0.616 0.816 0.763 0.689
T2 0.834 (0.768~0.898) 0.772 0.740 0.803 0.783 0.763
SVM PD 0.733 (0.697~0.845) 0.691 0.521 0.855 0.776 0.650
P& 0.852 (0.793~0.913) 0.758 0.699 0.816 0.785 0.738
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Table 3. Results of ROC analysis of three imaging histology models in the validation group
3. WIFH =R RAFEE ROC SR

HARY ig]l AUC (95% Cl) P R AL etk PPV NPV
T1 0.764 (0.641~0.877) 0.656 0.750 0.563 0.632 0.692

T2 0.825 (0.722~0.922) 0.750 0.750 0.750 0.750 0.750

R PD 0.745 (0.613~0.869) 0.688 0.625 0.750 0.714 0.667

PG 0.850 (0.752~0.938) 0.781 0.750 0.813 0.800 0.765

T1 0.780 (0.663~0.877) 0.672 0.688 0.656 0.667 0.677

T2 0.842 (0.733~0.942) 0.766 0.719 0.813 0.793 0.743

hl PD 0.734 (0.607~0.858) 0.750 0.625 0.875 0.833 0.700

B4 0.889 (0.794~0.959) 0.766 0.656 0.875 0.840 0.718

T1 0.761 (0.643~0.869) 0.703 0.688 0.719 0.710 0.697

T2 0.819 (0.713~0.915) 0.719 0.625 0.813 0.769 0.684

SYM PD 0.758 (0.632~0.866) 0.703 0.500 0.906 0.842 0.644
Bty 0.847 (0.741~0.933) 0.797 0.719 0.875 0.852 0.757

ILPINT 249 IS, FFFR MR R A AT gk BT (10 f), MG EZE . Phsz(16 i) A
kE/NF 5 mm (10 1), ffE/330 213 ], Horb R B 108 1, SHERH] 105 . RS 47~91 (70.1 + 8.6)
%, WA R 2R (PSA) N 0.4~1000.0 [12.8 (7.6, 34.0)] ng/mL. X8 E 1% 7:3 U LLBIBENL. 202
S RINZRE(n = 149)FERTEZH (n = 64). M ROI H3EHRHUT 1316 NNUAH S FHE. 23d ICC. mRMR F
LASSO fifiidk, T T1 EmEmEE 9 MEIE, BT T2 @R EIiEH 6 MFE, T PD & &Kk H
12 NMRFAE, FEF = FHBATIEH 15 MFIE. GARIUEA S, LR, RF & SVM B (12 Wi 2 5E WL %

2, #£ 3,
1.0 1.0
0.8 0.8
20.61 206
= Z
g 5]
©x 0.4 v 0.44
0.21 0.21
— LR (AUC=0.859) — LR (AUC=0.850)
—— RF (AUC=0.905) —— RF (AUC=0.889)
—— SVM (AUC=0.852) —— SVM (AUC=0.847)
0.0+ . T - 0.0+ - - . .
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(A) IgRA
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B 1. =M GAFERISE REMERTIIBRRE N Z X FR(FHFE(ROC)HIL

(B) IRIEH

Figure 1. Subject operating characteristic (ROC) curves of three imaging histology models for diagno-
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Figure 2. Calibration curves of three imaging histology models
for the diagnosis of benign and malignant prostate lesions
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Figure 3. DCA curves of three imaging histology models for diagnosis
of benign and malignant prostate lesions

El 3. =M A FRRISERTYIAR RE MR DCA ik

B EEBANFE RS E LR RF M2 SVM BRI AUC K fetehs, WERIBEE T4 b, —=Mii#g
TR, RF AT AUC (5 & ()I12541: 0.859. 0.905. 0.852, Y&ilF4l: 0.850. 0.889. 0.847),
MR MRS ER . A TFH L =M G AR R(LR. RF & SYM) ROC #HZk il 1 fis.
IGUE A = PR R RS HE FR 2R a0 1 2 BT, o TN &5 S S B 5 R — S 0t o B0 AIE 4 = PR A R 1 e 5
HhZan &l 3 Frs, =Py () P 24 se S5 BT
4. Vig

AR R — PO I R = BB, rTDONEG PR B R @ R 8 |mRIE, it K& Toik
T I A TP A (5 PR S S P A S RS SR [13] 0 23 BT 52 AR 2 AR AT T L S B e 3 R R AR A, AE IR RO

Py ARSRYE. TS VPSS A E EEAE . AUPIARIISCR A2 23 T4 T2wi ETERIMR, AR
ERBE TR BT SR, EE MRI SR RE S S ms R A S B AR, RO EAT LR SR ot
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PRI 1A) B AT F Ak [14] [15]. AEABFFEH, AT T1. T2. PD MZFHIECA & B EMWE FRAE T LR,
RF J SVM =R BRI AR 0 80 . a5 R, SRR oA B Al i Witk e, B2 5 51 & B
BRIV RE R T LIRME— 38—, fENZGA P T LR, RF K& SVM XA A1 IR K S8 46 5112 7 X RE,
45 AR W) = Fis A 35 HAT B I % g /1 (AUC 43l 0.859, 0.905, 0.852), Jf-7E Xk 2 145 2|3 iiE(AUC
539129 0.850, 0.889, 0.847), £id delong £i3e, —FEAIAITLS %R, KRAZFHIBA BITE S
B RS MUAR A I e . X SERAERTF FEARTE, 2 7 B & S 18 4 B AL n DA A AN 177 9 RO o, 33T
AT RAC VPG IR 0 S B, R A B 2 R RE 9] [16].

TEZ FHIBA AN 15 M, A 6 38 H PD &K A E/R, PD {45 /15K
JRER R E M OG, Cui AW PD EE R & a7 7o 79.47 + 7.29. 73.79 + 4.6, P1HN
0.018, #&7 PD 1 AT B2 R AT N EIFRFR[LT7]o BRAL, FRATIE SR L A7 rp 3 358 10 K 2 AR 40
e /INDR AR RN = B 0 R, X S BEAE AT ST — B [18] . /NI IR fE A A AE R [R] AT R P, T LA
DX 43 IR AR SR K 22 55 v AT PR AR U S e T IR R R VE NS IS, TSR R AE I 3R AT T iR
JBRAE S, RIS X g A AT T IR [19] [20]. i B e AE A s TR U FE UG SR VR, i
PEVE AT T LU A [7] 1) S 5020 B B UGG AT P AL B, X B TR e 7S s, [R] Bl v A
SROCHRANT, 1A BT A SR I 3 R 0 1 R R AE R [21]

AN FCLE AT A BRI KL B K2 T 2) ) T ROL, BEAAG W SR LT 2D A1 3D MIBLALFE 2 T RLRE Hik
Aot S, H=4BR7E ROI FIAFEIE R MR bk T Z R0, Wk T HRE R, PEL THF
FEER[22].

AR FAAFAE— LR PR . Bk, ABFFON B O W BT 5T, = AMEE: R, AR
RS S T st R A, o) RN R X SR A AT BEARAE R s e, AN AT SR
B AT FAR MR AL B X 4y, AR XIS 5T 5 BRI L S R A R IE AT REAFAE 2 . RSR TR AT E
LRI

L ENR, ET A MMILEME T LR, RF & SVM S48, ¥ 7 BIFIHRES, ANk IRE
AR P R R BT R — e .
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