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Abstract

Objective: Prostate cancer is a highly prevalent malignant tumor in men. Early and accurate diag-
nosis and risk stratification are crucial for formulating treatment plans and improving patient prog-
nosis. Biparametric MRI (bpMRI), which combines T2-weighted imaging (T2WI) and diffusion-
weighted imaging (ADC), can non-invasively reflect the anatomical morphology and water molecule
diffusion characteristics of prostate lesions and has been widely used in the screening and localiza-
tion of prostate cancer. Radiomics is an emerging technology that can identify quantitative features
undetectable by human vision from medical images, providing objective references for disease di-
agnosis and prognosis evaluation. Methods: A retrospective collection of 213 patients with prostate
cancer confirmed by prostate biopsy or radical prostatectomy was conducted. The patients’ Gleason
scores, clinical stages, serum PSA values, and imaging data were obtained. The region of interest
(ROI) of the lesion was manually delineated using ITK-SNAP software, and radiomics features in
terms of morphology, gray level, and texture were extracted using the Pyradiomics tool. Dimension-
ality reduction and feature selection were performed using Spearman correlation test, LASSO, and
PCA methods. This study adopted a ten-fold cross-validation strategy, randomly dividing the train-
ing set samples into 10 subsets, and iteratively optimizing the classifier based on the selected key
features to complete the radiomics feature selection. Subsequently, six different machine learning
models were constructed based on T2W]I, ADC, and the fusion sequence of T2WI and ADC, and the
constructed models were comprehensively evaluated to systematically analyze the performance in-
dicators such as accuracy, specificity, and sensitivity of each model. Results: The AUC values of the
six models based on the T2WI sequence in the validation set were SVM (0.793), KNN (0.707), RF
(0.795), ET (0.773), XGBoost (0.758), and LightGBM (0.822). The AUC values of the six models based
on the ADC sequence in the validation set were SVM (0.857), KNN (0.748), RF (0.733), ET (0.818),
XGBoost (0.789), and LightGBM (0.825). The AUC values of the six models based on the T2WI + ADC
combined sequence in the validation set were SVM (0.855), KNN (0.771), RF (0.781), ET (0.850),
XGBoost (0.893), and LightGBM (0.859). Among them, the XGBoost model based on the T2WI + ADC
combined sequence had the best diagnostic performance. Conclusion: The integration of multi-pa-
rameter MRI radiomics technology and machine learning algorithms can quantitatively evaluate
the imaging features of lesions, thereby achieving effective differential diagnosis of intermediate-
low-risk and high-risk prostate cancer, and realizing precise diagnosis and risk stratification of
prostate cancer. The combination of clinical and radiomics models can further improve the accu-
racy of prediction, providing a reliable non-invasive assessment tool for reducing unnecessary bi-
opsies and formulating individualized treatment plans.
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1. 5|

HIZIE, TRFR PCa, 55 1l IR 5 45 b f s DL, IR 31 55 Ve R 8500 £ R 2 B[ 1] H T
S T N FERNER S PCa 2 Wi A B3 G011 “ S br it (HR ZERINER R T A Gk 2, GRS &,
WEMBGHEMEAIUER. TENEEERE NEAE2EREFKE. 2S5 3ER % (Multiparametric
magnetic resonance imaging, mpMRI). #Z & &4, PET-CT K& %5[2], (HZiXE kS H/ Mk s, 48
FEE AR E W RO E IR, AREX MR AR R S5, ZEEE AR K. R e R E
R BBUR I 5y, A A R K 20 U, (R R VA, SRR IS8 B e, A #Ek . ¥ T PET-
CT RGM A = By HEOR BSR4, B BRI M AR T 12 R . mpMRI AR — T ey i 5245 22 A A 4
AR, PSS FEE . SHTEHET BT 2 550058, RS 1297 R T i O A 3] SR,
H 847 BT 5 B RSB RRIE 5 R AT FI ARG A S5 A AL, X2 Wiy ok T Bk [4]. s, i2Mngs
IR BHRAE BN EAR K 54560 00 N .« 32 JLF K mpMRI B #5 T2WIL DWIL ADC /741, i
T PCa ks th #, (H2 PAKERLBILE LRSI AR . QAR T HHEA, e
MRI BRI il SRR (SO 9 TR S 85E) AT 1208, v DLEALIR I e B, S5 ahlas sy
SRR SRR A VE RS BRI TS T o ASHIE 0358 T XS B0 L % AR (bp-MRI1) BT 3R B SAAZ 2 R AE A4
NS I TR, B EIR DT MRI AR A 5 R AE 1 21 s I R V2 W S S s 52 43 S PPl v 7 R £
U ARG RIZIT R R L RS S B KM . e 2 & i 52 223 LAMBIN - 2012 42 H
MI[5].

2. MMEHE
2.1. RMR

AW AT K EE AR5 — I B BEBE 2022 4F 1 H & 2025 4F 10 H 400 FE 240012 (1 1l 1) A 53 213 43
(95 B RLEAT T RSB, UREE T HUE TN Gleason YE73« IRR 2031 B IS PSA /K TS B8dE . Mt
2022 £ NCCN R ZI IR 2ITH8 7, Rt T R R 7 N fE 2 5 wm fa 20 K280 6], Hoh i a4 7
SERMIEN PSA <20 ng/ml. Gleason ¥55 <7 HImIRS #14LT T1-T2c #, 1 & fE 20067 PSA > 20 ng/ml
8¢ Gleason 143 >7 BRIGIR 73 T3a~T4 Wil . AW SIS E R IR E N : © EEE MRI A G
2 W SERGAT SRR B 4012 @ AT AR ARAE T2 INBUG KR BRI G L BB EWIL SR ©
B IMTE PSA B R HRIBRE: @ a2 RE W ARIELE MRS B A 528 B - HER bR v B AR 35
O MRI EAERATEI T RAE; @ BE B B2 F SR SAEIT: © IRKEE U 5kt
R @ A HFHADSET A frlR KO il T RE S 8 o
22. BWEFZERBLE
2.2.1. MRI 38 75 3%

A FR AR Z AT L1 3.0 T SRR S R & AT R A, A RECFEMASAL, 5
T T P R e R T 208 VB %o i 1) i B A B i X Ssladh A7 4 7 6 7 i, ISR 3 e A B R P e 3
BERRAL T2 AU SR BN B R /AME, FERZEE 3.0 mm, AHARZ MG 1.0 mm,
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HHLET 34ecm x 34 em, SREEHIFE 320 x 256, 15 5 KA IKECN 2 IR BERIATYRECINALSAR I #0750 )
HEAZTH S T2 IR S 75 e Ag kB, B ] 2080.0 ms,  [EI I (R HUE/ME, HH#ZEEE 3.0
mm, AHARZE ARG 1.0 mm, 155 REEAE 2 & 8 EH N HE, TREUR R B E Ny 1000 s/mm?.
TR ECR B BN I8 I R BN HE 5 A B IR

2.2.2. EEMALIE

O ik, FHEBER( = 1.0~1.5)W1% EPI FEHltk M ths, FILBIEEIHhEXE. @
sRFERRHELL: F Z-score ARitEAL T2WI Fil ADC EI(FAMH = 0, #nifEZ = 1), HBRERRS LSER RN,
@ EMGECHE: F G BAAE ADC EA T2WI #EATRIPERC HE, (RIE1R K402 1%t 55 .

2.2.3. BEL@X(ROIGE

A FNEE BE AR VTR 51815 R G SR S SO R e 8 T2 IBOSRAR SR A # R B -E
Htlitk 20y DICOM A& 2, B G R AL g o e 474k =2 () 50 B9 i w8 X0 . i =48 B 48 22 BL
AR BAR S W SE B A T BTBUR RN 5K, AR % 5 RIBR A (K A 2005 B 24 AR 0 S5 R, SRR T
HETTVELE T2 AU S R R BUEE Le 06 B AR DX Sk, A AR VAl 3 ) — B 1) R 47 /K7
(AR REAET 0.85), 5 ITK-SNAP #1:(4.0.0 JRA)EEIEF &, Xt T2 IBURIS L R W B R 5
PG b L BT EE X B0Z R AT T LA B O IX, A g = IO AR

2.2.4. ERFFERBLS fifik

ABE AT Python i 5 1 pyradiomics TR ELSCHL 1R A AR A = BRI W T —Brgeit
B RERE KBS FERE . IR RNXISHERE IR AT R R« AR B 2270 RE M« K B ARUREL B A
L Gt B2 AN AR FEAT, PR R SR 2 AR AL 5 0 A AR B, A fRAE
RS BB AT IEAS AT AR B, B e [ A R AR B0k L R RFAEREAT ARAL, B R BRI S SR AR R
THERLZACRE ST o BT BN X T2 ISR LMY BOR B A A RS T 1 RS RF IR BT AR,
LS4 T ELRS #E 45 2 1570 8 ER A ) S RS A 2

2.2.5. HEERR 5T

AT OB AR A BRI PR RS S 1 o0 o PR e 20 5 e fa 4, S BE AL 2H 700% AR A I 2R R
Pl 4 30%E R IMAREE « B3 38 XIGUE 7 vERT I 2R B2 0 b 47 Xl 3, R0 7 ) F S SRR A o) 2
AT 54, HR&IET T2WI. ADC K T2WI + ADC =48R, #8 7 SYM. KNN. RF. ET.
XGBoost I LightGBM /NFfe A FRINAEAY o B J5 SR AL R SR 0 & A AL R AT PERE VT AL, I8 v S
R, R U SR bR, R ROC #IZE 3R AUC E/E N 1 BEVR M bRiE, R G040 M AL il 51 iR
T AU 23 2R (R U RURE - MRS AUC B AR 1 B dal 4 9 DUANS6 2% f155(0.80~1.0). R #f(0.70~0.79). —
##%(0.60~0.69) A %% 7 (<0.60) »

3. R

KIS WEET T2WI P51, ADC [F751  —F KA P HIREE 73X Rem AL K T2l BENLARR. 1)
BEALA . XGBoost Fl LightGBM 7S FipLas = SJ AL, X Fi 41 i NCCN XU 73 Zadh AT 0 ST . 45 1%
B 75 T2WI P30T, ASFREILE I ZR4E ) AUC 1B 23734 0.802. 0.835. 0.997. 0.969. 0.997 F1 0.905,
TMAESGAE 45 B KRB 43 50 0.793. 0.707. 0.795. 0.773. 0.758 £ 0.822; K ADC 5@ #imf, 145
£ AUC {H#2£F+ % 0.857. 0.881. 0.998. 0.995. 0.995 1 0.993, IiF4E AUC {HiA %] 0.857. 0.748. 0.733.
0.818. 0.789 1 0.825; 4%H T2WI + ADC B:&)F5IR, JIZk%E AUC fE 5374 0.878. 0.861. 0.998.
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0.990. 0.998 1 0.920, ¥iF4 AUC 1}y 0.855. 0.771. 0.781. 0.850. 0.893 F 0.859, HH' XGBoost.
LightGBM. SVM Al ET IR RIS, JCLABCA 74 R 1) XGBoost #E 8 1H: fEfefE, SR Bk
PLVE L% 1~3 & & 1~3.

Table 1. Prediction results of six models based on the T2WI sequence

%= 1 BT T2wi FAIRARBITNLE R

AUC Accuracy Sensitivity Specificity
SVM train 0.802 0.731 0.673 0.826
SVM test 0.793 0.766 0.835 0.653
KNN train 0.835 0.692 0.593 0.847
KNN test 0.707 0.635 0.593 0.697
RF train 0.997 0.956 0.934 0.989
RF test 0.795 0.702 0.543 0.959
ET train 0.969 0.387 0.004 0.997
ET test 0.773 0.618 0.374 0.997
XGBoost train 0.997 0.973 0.975 0.969
XGBoost test 0.758 0.701 0.593 0.871
LightGBM train 0.905 0.818 0.811 0.827
LightGBM test 0.822 0.716 0.569 0.959
SVM: SCHFF BN KNN: K &FiT; RF: BEHLARMELS: ET: omBEALR ; XGBoost: H3iith 42T LightGBM:

BRI

Table 2. Prediction results of six models based on the ADC sequence
7 2. T ADC FFHI7HERBITUNEE R

AUC Accuracy Sensitivity Specificity
SVM train 0.857 0.761 0.683 0.893
SVM test 0.857 0.819 0.866 0.735
KNN train 0.881 0.757 0.652 0.917
KNN test 0.748 0.551 0.274 0.990
RF train 0.998 0.935 0.895 0.997
RF test 0.733 0.614 0.407 0.959
ET train 0.995 0.389 0.003 0.993
ET test 0.818 0.735 0.730 0.734
XGBoost train 0.995 0.992 0.990 0.999
XGBoost test 0.789 0.715 0.703 0.736
LightGBM train 0.993 0.851 0.870 0.818
LightGBM test 0.825 0.713 0.540 0.991
SVM: SCFF BN KNN: K 4RIL; RF: BEHLARARSEE; ET: HmbElR; XGBoost: Bt e T LightGBM:

BRI
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Table 3. Prediction results of six models based on the T2WI + ADC sequence
7 3. &F T2wI + ADC R BER TN R

AUC Accuracy Sensitivity Specificity
SVM train 0.878 0.803 0.658 0.950
SVM test 0.855 0.761 0.696 0.933
KNN train 0.861 0.730 0.679 0.920
KNN test 0.771 0.685 0.522 0.994
RF train 0.998 0.980 0.974 0.991
RF test 0.781 0.680 0.651 0.930
ET train 0.990 0.997 0.991 0.993
ET test 0.850 0.737 0.697 0.992
XGBoost train 0.998 0.985 0.995 0.980
XGBoost test 0.893 0.789 0.871 0.868
LightGBM train 0.920 0.821 0.856 0.812
LightGBM test 0.859 0.711 0.740 0.931
SVM: SCFFEHIEE; KNN: K 4B3iE; RF: FEALARARES; ET: HonBEALA; XGBoost: ks ZHEFt; LightGBM:
BRI
1.0
0.8
> 0.6
X
&
~—
B7
a
O
2 041
i —— SVM (AUC=0.802)
o2 4 ol —— KNN (AUC=0.835)
. // RF (AUC=0.997)
)l ET (AUC=0.969)
/’ —— XGBoost (AUC=0.997)
e —— LightGBM (AUC=0.905)
OO i T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity

(@) T T2WI [FF g1l ZR4E ROC HE Y]

DOI: 10.12677/acm.2026.162481 1017 I IR 2= =23t e


https://doi.org/10.12677/acm.2026.162481

PR S

1.0
0.8
b 0.6
z
X
2]
(=}
Q
2 04 A
& —— SVM (AUC=0.793)
7/ — =
. v KNN (AUC=0.707)
% RF (AUC=0.795)
4
o ET (AUC=0.773)
| iyl —— XGBoost (AUC=0.758)
'/' —— LightGBM (AUC=0.822)
0-0 T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1-Specificity

(b) T T2WI F 41 & I EEE ROC #i 7

Figure 1. ROC model diagram established based on the T2WI sequence
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Figure 3. ROC model diagram established based on the T2WI + ADC sequence
[& 3. &F T2wWI + ADC FHIEEI1 ) ROC 1R E![E

4. VWHig

i1 51 [ (prostate cancer, PCa) 7 &4F 5 MEBFIK () R S AL T % B IR S K A5 38, DAk LR
25 S B RS T B R R T[7] . AR RSB VI T BT R R . 5 LR
PP 7 R B AT S IR RS T . AR L S A I SR B 2 3% P N IR TG R VR R (S BT i
LS ST, BRI T 0k BT O B T ARS B, A RGN T A Gk F B R R . O
I PRI 7 10F 552, 166 F6 T 91 i FR 2 MLV T R B O RO R A SRS 2 R R /N L3697 2R B8]
MR, e ar sl B i R RHE, RJIF R R, SHBEETHISH S R R T
ATFHHL B L B FCRIF T2WI /5 ADC 91 g 8 11 BAR 2L S AR 1T 27 s SR\ A3 o 2 30
AR B AERE[O]-[10], Jhrt DWI B3 TSR ERL () B AR 4 25 6t T 16 P 5 254 1 97 B8 (csPCa) 9 s 5144 Wt
MR AR A [12] o ASHF 5 o R H B 50 B B S SR ZE 1 e b BB T3 — 7 B R,
KW BH GRS AR S HIR S, REEREEOSEIEE, TR a7
W 5 SR TONVE R E , L B AT I RIS BT BT 5. 35T T2WI 5 ADC ¥4I M2 ) XGBoost BRI 76 [X
SV S 5 F R AU B R R LR, AUC i %) 0.893. XGBoost 1F -y — Rl BEIRTHE ML, Bt
PR B SRR R Rt (0 S o R A X 43 PR 53 e T 2 B 5 e S i )
S, AR S A A T R S I R T LR R AT R KR . R SE Rk, SVM.L ET &
LightGBM S5 B 1425 I H 5725 12 I 280, AUC (EIFRT 0.8, WX S B0 H A R J N MR b 7 2 T
BT AT, T AR Fe 0 R 53 2 VP A B R e S 1 R S AR, I B M A 05 R B AR
HERT UG [13] -
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