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(# ZE] A5 (prostate cancer, PCa) i 4t A 55 — K8 L0 55 10 1 o JRg , o) HL SO0 975 22 A B2 Wi L XU 2022 R 7 1R
AT RO A 7 B N AT A — AL T . SR R — A DoE By s il SR UM A B R AR IE I BOR, H AT A KR
W TER B EXS PCa (K1 TE RIS WY AR ZBVE VAL T RO UG VA AT EE M IR R OME . BEE 25 & T7 sC PRk 20 N T8
REBOAR BRI K B AR A2 BRI BRI ). SCE RIS 2T 2 2B R ARG 15 F 7 AN T 5L Z 4300 L o S LIk
JEEAH B P AN R G 5 A BAR L S 1E PCa H B W FE, AR 15 HLAE AR N F Hh 17 77
(X8R TSI R4 N TR RS 2 2B RAUE s 17 A T L= 3t s
[FESES] R737.25 [SCEfFRERS] A [(XEHS]
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[ Abstract]

integrated approach is needed for its early screening, auxiliary diagnosis, risk stratification, treatment guidance, and efficacy

Prostate cancer (PCa) is the second most common malignancy among men worldwide. A more comprehensive and

assessment. Radiomics, a technique that extracts and analyzes image features in a quantitative and high-throughput manner, has shown
significant clinical value in the non-invasive diagnosis, aggressiveness assessment, treatment efficacy, and prognosis evaluation of PCa.
With the rapid development of imaging modalities and artificial intelligence technologies, radiomics has tremendous potential. This
article reviews the existing researches on radiomics based on multiparametric magnetic resonance imaging, positron emission
tomography/computed tomography, computed tomography, ultrasound and other imaging modalities in PCa, emphasizing its potential in
future applications.
[Key words] prostate cancer; radiomics; artificial intelligence ; multi-parametric magnetic resonance imaging; positron emission
tomography/computed tomography; ultrasound
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HI Z1) 98 (prostate cance, PCa) /& 53 VWA R 2E B
ARG H WG AIE R, 2 BRI TR LS
AE, o2 B VRS AE A SCAE TR B8 R A . T
L2 W (¥ PCa S8 35 A2 A7 2z v FHE 2 W B
SIS I PCa X FRARIR SE A AR L, A AR
J7 PR 20, 2 2 B 3R AR (multi-parame-
tric magnetic resonance imaging, mpMRD) C\ 28 B{ A

[(BEEmBE] T8RS EGAAEEIH (ZDRCB2016003)
“JB{FE1E# (Corresponding author) , E-mail: tanglijun@njmu.edu.cn

PCa i tH AT A= 2 M 1) 32 2 T2, {H mpMRI A7 AE
BRI B A 1 e, ELOWL %% 3 [|] — B e =,
AR KA 2 MOMSE 518 12 T 7 22 56 0 2 00 I o 17 71
JiR s 5 1 AT )5 (prostate specific membrane antigen,
PSMA) IE -7 & 5 1 AL T = 454 (positron emis-
sion tomography/computed tomography, PET/CT) 7] F
T PCa 153 IR KN PCa 1697 J5 B4 1, L mpMRI
RV ERF R B THEALITZ 334 (com-
puted tomography, CT) FH 8 75 1 7] 3 B PCa [ 9 £,
1B R B AR S BB . T SR A S BRI 4y
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BT 1= 2 S b AT B B 2 PR VRl O E BE
fiti, 9 PCa HYTC GRS HEAS HY S 6 1B B . AT
At Cartificial intelligence, AD$ A 5215 41 5« (1) 8 2L
DTV EE SRS, SRR AT AR (G 45 A f— 1
A5 FHFE (radiomics features, RF) g N fafid n] 58
(bR 4, s et IRg P 8 £ S o A L AR A 2 e
I 3T mpMRILPET/CT. CT 8 75 25 AN [7] )i 1% 77
AR A 2 BT AT 2558, IR/ 4 ATECR B
S AR A 2 I A 9 IR R S B

1 BGEFHIE

G S B AE 201 2 4E H Lambin 25742
B S T AR S A R v B I E R R
MEMIEAR, W R RS B Bk Goit S LA
RS, SR B AR SR I & IR RS B,
TSP RS 29T . B2 IR AR P IR
i : BB R AL IR L SO [X 35 (region of interes,
ROD ¥ 43 F1 L RFAIE R 42 BRI I8 458 L A2 7Y A) Ay 2 1 5
ke SR FURENS AL IR iR B AR, MR 1)
FIFARFHE SR 2 B 5 A0 AR E 2
TR TR 23 [B) 7K P 238 S B AE G

2 MRISHGAFEPCaFBIN A

2.1 PCa®yisiy

mpMRI H i & 12 b PCa I B ik 5218 2 T 1%, &
BALE T2 AL (T2 weighted imaging, T2WD | 7%
B AL E 5 (diffusion weighted imaging, DWID) % Wi
%ﬁﬁﬁ%iﬂ[(apparent diffusion coefficient, ADC) (% 1
5 7 34 58 (dynamic contrast enhancement, DCE) [&]
8, 75 PCa FLIIIR A A Bhi2 T L U 70 )2 1R IR TT
A7 ROTA o A HE T B AR O

Qi Z"PEAE A T mpMRI 1) RF A R -5 4%
S SE R R 3R AR Bk A AR LA T A1 JlR s S R 47T IR Cpros-
tate specific antigen, PSA) 4 4~10 ng/mL [1] ] 5% PCa
B PR Wk, S5 R R RGN T Al
Il PR-52 15 AR A (P < 0.05) , FF 3R 51 H 58 2 (1 B 14
B T 18.4% 1) B B A L ER R . A
T XS E MR (biparameter MRI, bpMRD FE 4
FEV AR A A AR SR T i P S 25 1 T 91 e Celim-
ically significant prostate cancer, csPCa), & I K B 3
LR (gray-level co-occurrence matrix , GLCM) Fl1H
AFHELE BT A FRAE T 5 FOBOR, (R M A &
AN KRR KA B AT 038, Hos = H 40 B )
Bre Chen M LLHL T A8 42 5 AT 4 IR AR I

FEHE & 4t (prostate imaging reporting and data sys-
tem, PI-RADS) ¥ 43 7£ bpMRI 5 mpMRI £ 1] csPCa
H )R B, B 2% 7 bpMRI K mpMRI 5445 40 A A
P #8 # 4L T PI-RADS ¥ 4F & 4t (AUC: 0.953 uvs.
0.853.0.968 vs. 0.863) , H. 5415 2H 57 [R] M fig
ZREGFEE X P >0.05) . XS HETRITETE
#, bpMRI 2 1% DCE BA4 , T LAYRL /D B 8] Bl AR 2
e FH, A SRA5 Al mpMRI 2 Wik £ o™,

baE AL AR GG H RN A, W vl
DL I ML 28 2% 2] (machine learning, ML) £ 22 8 Ji 2%
>] (deep learning, DL) 77 V& V- = 2 8, A R b
T EFPEEARZE o Bleker 21 T —Fl E 2h [ &
ROI 177 1%, fi F ML 579 3%+ mpMRI B4 44 & 52
G20 2R LR ) A0 JE 3 esPCa, 45 R BIR 24
AL 108 $5 A0 B Bk B2 52 B B R AL T AR &
RFAIE 356 35 A HLAR R 515 (AUC: 0.870 vs. 0.780), H.
DCE $#EF- AN B8 2 3 $2 2 Witk B, 1X 5 26 i 15 21
MZE AR s HAZ A RUE T 40 A A2, 78
AT R AR AT T AL L A, HFR EAE SN SRR
S rpidt— B VR A B B & P . Castillo 52
T HLE DL R R R A5 4 24 R X esPCa (112 1
RE, 73 KT 3 NS RN I R 2 AT IR, &5 SR R
DL Y PE I 258 T R I T U, (H A5 4 2 AR Y 7 e
AUAEE PN T DLEA . X 25 1 AN AT XM
LL B FIHIE 9, {H 75 B R IR 2 , DL A RS R0 A 11
H R G A 11 csPCa, 1 5EAR 2H 27 455 1 1R 50 ) 1 1)
ROT Fff] csPCa.
2.2 PCa® Gleason #F % (Gleason score, GS) & 1% %&
PR

T B RR 27 R VE ARG 75 21 GS 2 H ) 12 R H 1
fiir & PCa {2 22 1 /KF 4B AR BRI, AR XU
(GS<T) « H XU (GS=7) Al i AU (GS>7) PCa I 5 4
T4 E K (biochemical recurrence, BCR) R 2 7 45
K IB 9T SR AR 22 S R DR I v A P PRI 4
JZXF PCa Y697 VL5 (1) 52 s I W 48 6 B 2 11
o T8 o (HIER IEAS 6 S i B A9 Lk 19 5
P, 3 HA I RGeS R T mpMRI BT 5
BH P T B B, AN S B EURZ AL ER
R, U, SR IR PCa iR B PEI T
O FR0 52 L AT R

Gong Z5 5T AR FT bpMRI 15 3 51 ¥4 2 T2W1
B DWW 2R F I A 452 40 S TG A Tl w57 XU PCa,
g5 R A 1 T e ) B (AUC=0.788) , H
BDWIRE R FEoR B 52 (P > 0.05) . AT K
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ARTE LG K GS 5 A RLAR VA PEAT S BRVTBR R (radical
prostatectomy , RP) J& ] GS AN — F 8K J& — A K fig
L ] J2, 1 Zhang PV LR, 26T mpMRI
SR B X PCa IS R B RP B GS THR A R
G PRI BE , JF T A T — i B AR
5 B IR 2= A AR R S5 3 GS T XU P s 4k 458
AT E B I BT ARRIGEE . Ogbonnaya 8476
18 RP AR AAE A2 % b ifE, I bpMRI EIE 42 B
GLCM L, 97 12 RS S TN esPCa ) RF F 44 AL
B FU RS 1 AMEF 3D R 7 PR L R 15 2 A
MLV 2 fE B A R I ATE YR AL .

KEWFFE R Y mpMRI 17+ FATL 4 B 23 A 7T LA
BT PCa B9 2 IR I3 2 > Makowski 2 f ]
XHE rﬂ%*ﬂ(suppor‘t vector machine, SVM) \ BN LS
P& Tt BEHL AR AR K - 55 31 4B (K - nearest neighbor,
KNNDIX 4 FUAS A ) ML S5 I ZR B R0 PCa BE4T X
K73 )2, FEVEAS T1 mapping REAE B IIOME , 45 5 %
7N SVM [ HER % 8% 5 (AUC=0.92) , H.T1 mapping &
BEORT I s RAR 2 S AT R 1 (EZ T TTRE
KB/, ToIE T 501 E T1 mapping € &7 A [ 7E
Wl . I, Castillo ZE57E — I & A O 58 FR A%
ML S5 8 [X 73 van U RS XU PCa RS2 AR 20 2
B, JF 5 AR B2 I 12 Wr 3EAT UL, 45 R R e
B AR T AR RIS W . X258 1 DR
A 2 B 5 AR Dy 32 BT AT 5, 4R
INEAE 2 DI PRI R A A S, A
RERF LR T R s R G
2.3 PCa &L/ 9% f (extracapsular extension, ECE)
&9 F )

ECE 2§ 3 PCa & # K 4T R V)G AL (posi-
tive surgical margins, PSM) U #2 R 2R 38 i, tH
5N RIS A1 BCR AH DGR, X T 28 i 3 R B %
JE VIR ML wh 22 R sl i B e 7 0. TR L, AR AT i
BRI ECE X TR I7 77 M € B0 E . — I
Meta 73 H7 & 75 mpMRIARHT HUl ECE 1) R 8N
57%", M AR A 2= 1) IR & 1 ECE A I ) #E A
1f§3[36f38]0

Ma %5 T T2WI MG A 2 Fe AR 4L 2 A, )l
ZREEANIGIELR A AUC 235319 0.902 110.883, 55445
= U 1912 W7 2 B0PE (46.889%~50.009% ) AH EL, R %
(75.00%) 5. Z $E i, Fr R Z A LA F R 5
S B RTS8 B — B0, EAZ AT SRS T T2W
EUZ I RF. Xu S5 T mpMRI BG4 & A5 24
B DUARRT TN ECE, 45 R B HAZ Wi Ak RE B BAL T

Il PR (0.865 vs. 0.658, P=0.02) , 1R 5% #2873 H7 1
IESE A RAF R IG IR SE P . He S92 T
T2WI AT ADC B G0 2 52 A5 4H 5 AL 73 Sl Fi I ECE
I PSM, &5 5 57~ ADC A58 PE R 55 4 (AUC: 0.625.
0.733), 25 & Il PR Rl 36 )5 1) Bk & 55 204 12 e 92 v
0.728 F1.0.766, 1 1t B Bk & A5 Y 0] 42 %5 % ECE A
PSM (17 XU T 68 75 o 53 Azt 7 A JEE bt
HURF, ¥t B ECE [ % 28 598 N 1) S A ¢ o 1
Bai 8512 5 T80 ) X 30 42 5 AR 4 5 A 28 SR )
ECE, 45 B 578 8 DX 3k ) RF 550980 74 X 45k i o 47 3t
T ECE(P < 0.05) . B 5T A I8 i L 23 R i 54
REA% B2 (1L I I8 12 I A0 1915 A G 45 B, e J It
BRI ZL G 5 AL 2 1 AR Ak AT R L I A2 AR 28 AR
A R,

H BT 0 ECE 1) ML FEARX#20, Cuocolo 55
BT T2WI A ADC B R H SVM 53 84 2 ECE 7l
DAY, FEAE L O IR IE AR, 25 I B 7R A AL 7E )|
A 1 HE R 20 83% , TE P AN 40 56 11 4 v (1) #E
215 79% 1 74%, H 5 5248 2= T 12 Wi A 1 2 22
SRS FR N, 2 RO IR I BT B IR I 1A
BEAA RIFHEEN, M HMANECEW 75 RAHE
BB IR e Wi R I o Fan 25975 T mpMRI &
B8 H 6 FhELIER > BT 5 PCa R 28 A 2 S Fh A
V)45 AE (Ki-67.S100 ECE . PSM Al 2 & FE 2 98)
(515 4 2R IR IR 12 W 2R, 45 R R R BE AL AR
MRIEEERT Ki-67.S100. ECE . #1412 30 it F50 ) 14:
e e If (AUC: 0.87.0.80.0.85.0.82), SVM % PSM [¥]
TR B8 B 4F (AUC: 0.77) . ZBF TR T 15 41
SAE T PCa 22 M A2 W) 2 R AR J7 THI )i A S I 4
BEML ZHO AR KRR AL TARIR IS
2.4 PCaBCR #1)

BCR & PCa #1607 R MU AT I 3 B R A,
AR B T BCR A B T 48 R KA BRI 2 VR )T
UEIEE SIS

Zhong %5 " i F 3 T 45 B4 28 W 45 (convolu-
tional neural network, CNN) [¥] ML, #J % mpMRI 5214
2 2 R Sk F I RS PR PCa 55 3 VA 9T Gradia-
tion therapy, RT) J5 ] BCR, &5 5 38 B iZ A 0 (1) 4K
HERA 2N 74.1%, B UERH T mpMRI S48 40 2= A5 VP
1 J5 PR PCa S 2 RT J5 TS J7 T I3 77 o 1R S
fih I, Li 259k A A B bpMRI ] RF. GS 43 2% 43 41
H1PSA 7K % 37 RadClip ¥ 5 Bk 7 I RP A J5 Y
JC BCR AE A7 AN R 2, &5 S 2 7R RadClip B RE 78
CHE¥ N 0.77, AUC N 0.71, FR BT BLA 1T
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I TR v B g RS VP Ak UF 43 F1 Decipher 2 [A]
I, A BT 5 R 00 T BL T B B T 3k s
T TE B F .

2.5 PCa®yJ5 # R4

T JR ER e VE PCa, RPBXA N 70 WA YR I il
AT IR YT VBRI R 9T A 2 B AT ST 7
2 BT AR AT BEA b8 20 31, AR 5 W K5 B IR
RNER I, R B AR AR, A 2
TBIT 75 B A, 3R T3] PCa )97 BRI R
FEVEAS A T OB

FE RT J7 1, Abdollahi 257" #4% RT #i 5 ADC A
7% 4k >R DAl 33 5] 422 32 1 5 RT 1¥) PCa & & 11T
30, 2T RT TG I bpMRI BUE T K 2 AZ 4 44
A, RILRT §T 5 T2WI A ADC B4 42 L RF 2
A DA B RT S o 5 AR FEAS R () =2 5 1%
WL 456 RT JG I EHRRHE, &40 1T IR IT 5 N
SRR RS AR AR D, R E LS
UEZH, (H L Se b B ML M2 AR 2H %2 T7 %, JF 4 1 PCa
MEAIRITHIE 128 . KT RTIEHIA R R, JRIE
B 7 PCa fey 7 BT PR 25 RT A4 S PR R A B R,
Tsang 55" PR AP JRAE B A T A5 v PR IE 1771
O K RF KR, KILAE 540 5 JRIE B I
TG IRBK, T [R5 14 AT B BE AR AE R % 10 RT )5 JR
TEREAE . 7341 Abdollahi 2558 K B mpMRI [ RF A
TN RT J5 e B g 7.

TE N 73 UAIR T 7 THT, %545 52 IE U R S <597 V%
(androgen deprivation therapy, ADT) J& [I'] PCa & 3
PSA 8 # [ 2 HARKT, BRI T PSA FEIRGNG T I
N BE I AE o K] Tharmalingam 557 55 ADT
AT J5 MRISUCHRFAE ) 22 57, B A & A J) o PR ARRAE
FEIRYT Ja RAEAZrh B2 100, AE B 4 B2
BEAR, AESE T REF A DA/ DY T PCa X ADT BUR
bR E

3 PSMA-PET/CT &1&4A5 £ PCa FRIN

PSMA-PET/CT & PCa fix 3 A 5t A% 77 50, £
TRRE 7T AIE W] PSMA-PET/CT 7E NM 43 3 | L& MRI. 4%
3% CT 2% Choline-PET/CT B #E1# , PSMA-PET/CT L%
NE RN PCaihyT o F A AR EAnE™ . 5 H Ak
T PSMA-PET/CT IS8 H W AR A Z

Zamboglou 5 RZ T 3T *Ga-PSMA-11 PET/CT
() RF A0 CT JE 9246 H 1) esPCa (1) AT 4714 , e & A
FURIPAS RF CR/N XA ) )3 — AN XI5
YD X2 B A LT BRI RE 77 (AUC=0.93) .

Feliciani 253 F “Ga-PSMA-11 PET/CT A1 ADC &
&, I % RE % [X 73 IR 2] (GS=3+3) Fil 1 2 i1l (GS>
3+3)PCa [f] RF, PAyE /b %f F 346 P PCa )3 FE 2
7, A Z I A 1 5 BR P v PET/CT A1 ADC 15— 5
(P9 AR BB B D o Erle 55105 T Y S 7 R AR
1 %Ga-PSMA-11 PET/CT 5445 2H S A5 70 Sk 24 51 e 301
PCa FE35 1A BRA RO BEPE LI, UESE T 525 4 54
AN B PCa JE 38 M N 23 B AERA 4 o Cysouw
S UZE SE_DCFPyL PET/CT P45 L Y AS 545 20 2 4
IR T PCa H bk L 45 7 7% L im Ab i 75 . GS=8 il
ECE, 45 R IR 58 H R PCa (1) GS PEAG A%
FE 00 7] A R B 5 P B 77 CAUC: 0.86) , ft T~ 1% 4t
PET 24157 (AUC: 0.8 1)

4 CTHAGEZFTEPCaFHIR A

AR CT AR AE RS I PCa Y5 A% 77 THI Bk = 5 5t i
AR B, A CT BG T LS NM 43 J31E 5, 4 1
JEXTH MRIZE AR 38, CT 58 4 % 1T AR A4
Fei5 Bk 583 PCa 297 17 o

Osman 55 "%} PCa W[ 73 JZ 347 1 &G FE 4y
25, TRERIET CT [ RF X} PCa {2 B TE T IANE, &
LIX 4> GS<6 5 GS=7.GS=3+4 5 GS=4+3 A% XK 4
b5 v AR 2H R RURS: 4H 5 Hh XU 2H 1 AUC 4303 A
0.90 0.98. 0.96+ 1.00, E A K 4F (17 & B FE e 7
FE o Acar ZEM FH BT ML 1 CT &0 FUEFAF Sk 48 5]
“Ga-PSMA PET/CT 1% -5 PSMA RIE B #H
HITC PSMA 234 AR AL A, BT 92 45 B S5 o 6 [X 3
IR P B R AEL 2 B B A REF, H KNN
AT I BE £ 3 (AUC: 0.76) , UE SZ CT A5 4 24 75
YR H R B ST . Peeken YR T 1A
CT G H 2R, LLTIN 452 PSMA 5] 5 F RIGTT
CENAE A A6 0 A0 7] 55 PSMA-PET/CT B4k B 45 1)
W FRITED R INE R PCa BB Ik B 45 B
R, 45 R B IRBEE AR A =58 1) MRt i i
(AUC:0.95), & T4£ 4t CT 2 Kl itk B 45 45 4%y
fih (A Y (AUC: 0.84) %5 . Mostafaei 25/ #E — I0 {i
WE B 78 R R T CT B RF Al PR -7 & 22 2 500
RT 51 &2 130 PR I8 A 5 il A R S (=1 25 s bk %%
FVE 7 9O B TR 6 17, 85 R IR CT §2 5 4 245 Y
X RT A B BLA B4 1 #l # 71 (CAUC: 0.71,
0.71), T IR (AUC: 0.67.0.66)

5 BESZBEAFEPCahHINH
A A O — P AR R AN o R S L 4B S Y
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B T332, A5 B0 A Jl s A v e A AN AT Bk B 4 D
AT A SR B A 5 AR T SUHIHE 2, H AR AT
WAEIF TG %

Ou 55K T — A3 T 2 B )W Hi 75 (transrec-
tal ultrasound, TRUS) [ 5245 2H 2= A 8L, - BE A Il IR
Ja RS PR 2R At v 5 [ DLAE W A BT T PCa, BIF T 45
R EIRE T RF Z T PCa ALK K . Liang %
JHIE TRUS A1 BY )3 33V Bl A% (shear-wave elastogra-
phy, SWE) 14 8 £ 2 $U 75 52 AR 21 7 B R0 ok 4 1 i
B i BB AL, 45 R BRI AR L) AUC 79 0.85,
g T ImIRZEIM G B8 AUC 4 0.90, IESE T £
SR AR B PCa B WT I HERA M . 5 2 AL
¥, Wildeboer %5l i ML ¥ B2 . SWE. B A%} Hi
58 i 75 18 52 (dynamic contrast - enhanced ultrasound,
DCE-US) H &K E B2 8 53 T BN RF 45 & 1
% Z RO SR A, VRAG FLAE PCa 2 Wit
(T 77, W 7045 R 7R 1% B A% PCa # esPCa 12
Wi B R 47 (AUC: 0.75.0.90) , M6 T R I e 1 o
S A5 WV T A R (AUC: 0.69+.0.76) » 45
BYERMEEN B TREULEZ ZHBG .
Zhang Z5 R T 1 ANEE TR 2% 1) DLECA, H
T2 ST RNl -G A\ B R RN S S A R SR L) R
PATE TN B 43 BT 2 K PCa, PR 12 W F2 41t
BULH AN, e 2 Bon 1 R AFHTZ B 6E
71(AUC:0.851).

6 [HRSREE

PCa [ R A8 4H 22 Wt FU R B 52 3 AL, (HAE R
KB FEAN R oA AV 2 Bk . 55—, HATK
2 Bt Fe o2 B [ PRI 9T, REAC RN, B2 Ak
PG L, PR 7RI T4 A A HERPE s 26—, th T PCa
(22 ) R e b, 5 RS G b A AT RS
BUR 2 BOR S, BRI AR A 212 W i e 1 5
=, BN T HE H AT % ROLSAER 1 757%,
(B 552 5 1) AL 25 5 P D A 59 P X DA 4, SRR 7R
SRt 20 ot B 3 o SN R R DR R E
PERIHERATE S50, = G0 — A, AFFIHLES
LR AT R IR T SR A B e R AT 5
ATAIN ML B A [/ 2% S ] DA BR () SR i 22, AR R AT 7
PR L FAR G A g A5 7 SN AT PU G B T, i T
JIT 8 R AIE 55 W P 225 2R 22 1) ) 9% 2 R = 325 ) ) e e
R EHE— L TR AL AT R R FE R A
SERTIAE R . B R AR A 2 I T ROAESK , KRR
WEFT RN T AR 5 5 A AR R A YR &

gl &, bk R g 2, FLA ] LSRG R 4L e
SR B AL AU A 22 5, T ROR (1 ZE W b
A, LN sER o I R 2

[&E k]

[1] JEMAL A, SIEGEL R, WARD E, et al. Cancer statistics,
2009[J]. CA A Cancer J Clin,2009,59(4):225-249

[2] WANG G C,ZHAO D, SPRING D J, et al. Genetics and
biology of prostate cancer[J]. Genes Dev, 2018, 32 (17/
18):1105-1140

[3] MILOT L. Variation of PI-RADS interpretations between
experts: a significant limitation[J]. Radiology, 2020, 296
(1):85-86

[4] PICKERSGILL N A, VETTER J M, ANDRIOLE G L, et
al. Accuracy and variability of prostate multiparametric
magnetic resonance imaging interpretation using the pros-
tate imaging reporting and data system: a blinded compari-
son of radiologists[J]. Eur Urol Focus, 2020, 6(2): 267-
272

[5] BIWL,HOSNY A,SCHABATH M B, et al. Artificial in-
telligence in cancer imaging: clinical challenges and ap-
plications[J]. CA Cancer J Clin,2019,69(2): 127-157

[6] ACHARYA U R, HAGIWARA Y, SUDARSHAN V K, et
al. Towards precision medicine: from quantitative imaging
to radiomics[J]. J Zhejiang Univ Sci B, 2018, 19(1): 6-
24

[7] LAMBIN P, RIOS-VELAZQUEZ E, LEIJENAAR R, et al.
Radiomics: extracting more information from medical im-
ages using advanced feature analysis [J]. Eur J Cancer,
2012,48(4):441-446

[8] SPOHN S K B, BETTERMANN A S, BAMBERG F, et al.
Radiomics in prostate cancer imaging for a personalized
treatment approach - current aspects of methodology and
a systematic review on validated studies[J]. Theranostics,
2021, 11(16):8027-8042

[9] LAMBIN P, LEIJENAAR R T H, DEIST T M, et al. Ra-
diomics: the bridge between medical imaging and person-
alized medicine[J]. Nat Rev Clin Oncol, 2017, 14(12):
749-762

[10] FUJIHARA A, IWATA T, SHAKIR A, et al. Multipara-
metric magnetic resonance imaging facilitates reclassifica-
tion during active surveillance for prostate cancer [J].
BJU Int, 2021, 127(6):712-721

[11] WU R C, LEBASTCHI A H, HADASCHIK B A, et al.
Role of MRI for the detection of prostate cancer [J].
World J Urol,2021,39(3): 637-649

[12] PLOUSSARD G, ROUVIERE O, ROUPRET M, et al. The
current role of MRI for guiding active surveillance in pros-

tate cancer[J]. Nat Rev Urol, 2022, 19(6):357-365



5445557 1

VRERIR, A5, LAY, AR LA A i 51 e P ot Feadt e LU .

20244F7 1 SRR AR (R AR E RO 5 2024, 44(7): 1010-1017 1015+
[13] QI'Y F,ZHANG ST, WEI J W, et al. Multiparametric MRI- (2):243-262

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

based radiomics for prostate cancer screening with PSA in
4-10 ng/mL to reduce unnecessary biopsies [J]. ] Magn
Reson Imaging, 2020, 51(6): 1890-1899

PRI, KR TC, RO EE, 55, BT S HMRIHI A A
AR AE I PR 2 25 P 1 21 Jleg o 2 W e R LD .
LR AR, 2022, 13(11): 76-81

CHEN T, ZHANG Z Y, TAN S X, et al. MRI based ra-
diomics compared with the PI-RADS V., in the prediction
of clinically significant prostate cancer: biparametric vs
multiparametric MRILJ]. Front Oncol, 2021, 11: 792456
BASS E J, PANTOVIC A, CONNOR M, et al. A systematic
review and meta-analysis of the diagnostic accuracy of
biparametric prostate MRI for prostate cancer in men at
risk[J]. Prostate Cancer Prostatic Dis, 2021, 24(3): 596—
611

WOO S,SUH C H,KIM S Y, et al. Head-to-head compari-
son between biparametric and multiparametric MRI for
the diagnosis of prostate cancer: a systematic review and
meta-analysis[J]. AJR Am J Roentgenol, 2018, 211(5):
W226-W241

ALABOUSI M, SALAMEH J P, GUSENBAUER K, et al.
Biparametric vs multiparametric prostate magnetic reso-
nance imaging for the detection of prostate cancer in treat-
ment-naive patients: a diagnostic test accuracy systematic
review and meta-analysis [J]. BJU Int, 2019, 124 (2) :
209-220

BLEKER J, KWEE T C, DIERCKX R A J O, et al. Multi-
parametric MRI and auto-fixed volume of interest-based
radiomics signature for clinically significant peripheral
zone prostate cancer[ J]. Eur Radiol, 2020, 30(3): 1313-
1324

CASTILLO T J M, ARIF M, STARMANS M P A, et al.
Classification of clinically significant prostate cancer on
multi-parametric MRI: a validation study comparing deep
learning and radiomics[J]. Cancers, 2021, 14(1): 12
MOSES K A, SPRENKLE P C, BAHLER C, et al. NCCN
guidelines® insights: prostate cancer early detection, ver-
sion 1.2023[J]. J Natl Compr Canc Netw, 2023,21(3):
236-246

EPSTEIN J I, ZELEFSKY M J, SJOBERG D D, et al. A
contemporary prostate cancer grading system: a validated
alternative to the gleason score [J]. Eur Urol, 2016, 69
(3):428-435

MOTTET N, VAN DEN BERGH R C N, BRIERS E, et al.
EAU-EANM-ESTRO-ESUR-SIOG guidelines on prostate
cancer-2020 update.part 1: screening, diagnosis, and lo-

cal treatment with curative intent[J]. Eur Urol, 2021, 79

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

KENDRICK J, FRANCIS R, HASSAN G M, et al. Ra-
diomics for identification and prediction in metastatic
prostate cancer: a review of studies [J]. Front Oncol,
2021,11:771787

SHANKAR P R, KAZA R K, AL-HAWARY M M, et al.
Impact of clinical history on maximum PI-RADS version
2 score: a six-reader 120-case sham history retrospective
evaluation[J]. Radiology,2018,288(1): 158-163

GONG L X, XU M, FANG M J, et al. Noninvasive predic-
tion of high-grade prostate cancer via biparametric MRI
radiomics [J1. J Magn Reson Imaging, 2020, 52 (4) :
1102-1109

WANG X C,ZHANG Y, JI Z G, et al. Old men with pros-
tate cancer have higher risk of gleason score upgrading
and pathological upstaging after initial diagnosis: a sys-
tematic review and meta-analysis [J]. World J Surg On-
col,2021,19(1): 18

ZHANG G M, HAN Y Q, WEI J] W, et al. Radiomics
based on MRI as a biomarker to guide therapy by predict-
ing upgrading of prostate cancer from biopsy to radical
prostatectomy[J]. ] Magn Reson Imaging, 2020, 52 (4) :
1239-1248

OGBONNAYA C N, ZHANG X Y, ALSAEDI B S O, et al.
Prediction of clinically significant cancer using radiomics
features of pre-biopsy of multiparametric MRI in men sus-
pected of prostate cancer[J]. Cancers, 2021, 13 (24) :
6199

MAKOWSKI M R, BRESSEM K K, FRANZ L, et al.
De novo radiomics approach using image augmentation
and features from T1 mapping to predict gleason scores in
prostate cancer[J]. Invest Radiol, 2021, 56(10): 661-668
CASTILLO T J M, STARMANS M P A, ARIF M, et al. A
multi-center, multi-vendor study to evaluate the generaliz-
ability of a radiomics model for classifying prostate can-
cer: high grade vslow grade [J]. Diagnostics, 2021, 11
(2):369

ALBERTSEN P C. Radical prostatectomy or watchful wait-
ing in prostate cancer-29-year follow-up [J]. Eur Urol,
2020,78(3):471

JEONG B C, CHALFIN H J, LEE S B, et al. The relation-
ship between the extent of extraprostatic extension and
survival following radical prostatectomy [J]. Eur Urol,
2015, 67(2):342-346

LITWIN M S, TAN H J. The diagnosis and treatment of
prostate cancer: a review [J]. JAMA, 2017, 317 (24) :
2532-2542

ROOIJ M D, HAMOEN E H, WITJES J A, et al. Accuracy



*1016+ 2=

S PN

S 1

544 5557 1
20247 A

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

of magnetic resonance imaging for local staging of pros-
tate cancer: a diagnostic meta - analysis [J]. Eur Urol,
2016,70(2):233-245

STANZIONE A, CUOCOLO R, COCOZZA S, et al. Detec-
tion of extraprostatic extension of cancer on biparametric
MRI combining texture analysis and machine learning:
preliminary results [J]. Acad Radiol, 2019, 26 (10) :
1338-1344

MA S, XIE H H, WANG H H, et al. Preoperative predic-
tion of extracapsular extension: radiomics signature based
on magnetic resonance imaging to stage prostate cancer[J].
Mol Imaging Biol,2020,22(3):711-721

LOSNEGARD A, REISAETER L A R, HALVORSEN O
J, et al. Magnetic resonance radiomics for prediction of ex-
traprostatic extension in non-favorable intermediate- and
high-risk prostate cancer patients[J]. Acta Radiol, 2020,
61(11):1570-1579

MA S, XIE H H, WANG H H, et al. MRI-based radiomics
signature for the preoperative prediction of extracapsular
extension of prostate cancer[J]. J] Magn Reson Imaging,
2019,50(6):1914-1925

XU L L, ZHANG G, ZHAO L, et al. Radiomics based on
multiparametric magnetic resonance imaging to predict
extraprostatic extension of prostate cancer[J]. Front On-
col, 2020, 10: 940

HE D, WANG X M, FU C C, et al. MRI-based radiomics
models to assess prostate cancer, extracapsular extension
and positive surgical margins[J]. Cancer Imaging, 2021,
21(1):46

BAI H L, XIA W, JI X F, et al. Multiparametric magnetic
resonance imaging-based peritumoral radiomics for preop-
erative prediction of the presence of extracapsular exten-
sion with prostate cancer [J]. J] Magn Reson Imaging,
2021,54(4):1222-1230

ALGOHARY A, SHIRADKAR R, PAHWA S, et al. Com-
bination of peri-tumoral and intra-tumoral radiomic fea-
tures on Bi-parametric MRI accurately stratifies prostate
cancer risk: a multi-site study[J]. Cancers, 2020, 12(8):
2200

ZHAIT, HU L, MA W, et al. Peri-prostatic adipose tissue
measurements using MRI predict prostate cancer aggres-
siveness in men undergoing radical prostatectomy [J]. J
Endocrinol Invest,2021,44(2):287-296

SALJI M, HENDRY J, PATEL A, et al. Peri-prostatic fat
volume measurement as a predictive tool for castration re-
sistance in advanced prostate cancer[J]. Eur Urol Focus,
2018,4(6):858-866

CUOCOLO R, STANZIONE A, FALETTI R, et al. MRI

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

index lesion radiomics and machine learning for detection
of extraprostatic extension of disease: a multicenter
study[J]. Eur Radiol, 2021, 31(10): 7575-7583

FAN X H, XIE N, CHEN ] W, et al. Multiparametric MRI
and machine learning based radiomic models for preoper-
ative prediction of multiple biological characteristics in
prostate cancer[J]. Front Oncol, 2022, 12: 839621
ZHONG Q Z, LONG L H, LIU A, et al. Radiomics of mul-
tiparametric MRI to predict biochemical recurrence of lo-
calized prostate cancer after radiation therapy [J]. Front
Oncol, 2020, 10: 731

LI L, SHIRADKAR R, LEO P, et al. A novel imaging
based nomogram for predicting post-surgical biochemical
recurrence and adverse pathology of prostate cancer from
pre - operative bi - parametric MRI[J]. EBio Med, 2021,
63:103163

SHIRADKAR R, PODDER T K, ALGOHARY A, et al.
Radiomics based targeted radiotherapy planning (Rad -
TRaP) : a computational framework for prostate cancer
treatment planning with MRI[J]. Radiat Oncol, 2016, 11
(1):148

DANIEL M, KUESS P, ANDRZEJEWSKI P, et al. Impact
of androgen deprivation therapy on apparent diffusion co-
efficient and T2W MRI for histogram and texture analysis
with respect to focal radiotherapy of prostate cancer[J].
Al,2019,195(5):402-411

ABDOLLAHI H, TANHA K, MOFID B, et al. MRI ra-
diomic analysis of IMRT-induced bladder wall changes in
prostate cancer patients: a relationship with radiation
dose and toxicity[J]. ] Med Imaging Radiat Sci, 2019, 50
(2):252-260

ABDOLLAHI H, MOFID B, SHIRI I, et al. Machine learn-
ing-based radiomic models to predict intensity-modulated
radiation therapy response, Gleason score and stage in
prostate cancer[J]. Radiol Med, 2019, 124(6):555-567
SULLIVAN L, WILLIAMS S G, TAT K H, et al. Urethral
stricture following high dose rate brachytherapy for pros-
tate cancer[ J]. Radiother Oncol,2009,91(2):232-236
TSANG Y M, VIGNARAJAH D, MCWILLIAM A, et al. A
pilot study on dosimetric and radiomics analysis of ure-
thral strictures following HDR brachytherapy as monother-
apy for localized prostate cancer[J]. Br J Radiol 2020, 93
(1106:20190760

ABDOLLAHI H, MAHDAVI S R, SHIRI I, et al. Magnet-
ic resonance imaging radiomic feature analysis of radiation
-induced femoral head changes in prostate cancer radio-
therapy [J1. J Cancer Res Ther, 2019, 15 (Supplement) :
S11-S19



5445557 1

VRERIR, A5, LAY, AR LA A i 51 e P ot Feadt e LU .

20247 H SRR AR (R AR E RO 5 2024, 44(7): 1010-1017 +1017+
[57] THARMALINGAM H, TSANG Y M, ALONZI R, et al. spective radiomics study [J]. Br J Radiol, 2019, 92

[58]

[59]

[60]

[61]

[62]

[63]

Changes in magnetic resonance imaging radiomic features
in response to androgen deprivation therapy in patients
with intermediate- and high-risk prostate cancer[J]. Clin
Oncol,2022,34(6):246-253

ZAMBOGLOU C, BETTERMANN A S, GRATZKE C, et
al. Uncovering the invisible - prevalence, characteristics,
and radiomics feature - based detection of visually unde-
tectable intraprostatic tumor lesions in *GaPSMA-11 PET
images of patients with primary prostate cancer[J]. Eur J
Nucl Med Mol Imaging,2021,48(6): 1987-1997
FELICIANI G, CELLI M, FERRONI F, et al. Radiomics
analysis on[*Ga]Ga-PSMA-11 PET and MRI-ADC for
the prediction of prostate cancer ISUP grades: prelimi-
nary results of the BIOPSTAGE trial [J]. Cancers, 2022,
14(8):1888

ERLE A, MOAZEMI S, LUTJE S, et al. Evaluating a ma-
chine learning tool for the classification of pathological
uptake in whole-body PSMA-PET-CT scans[J]. Tomogra-
phy,2021,7(3):301-312

CYSOUW M C F, JANSEN B H E, VAN DE BRUG T, et
al. Machine learning-based analysis of[*F]DCFPyL PET
radiomics for risk stratification in primary prostate can-
cer[J]. Eur J Nucl Med Mol Imaging, 2021, 48(2) : 340-
349

OSMAN S S, LEIJENAAR R T, COLE A J, et al. Comput-
ed tomography - based radiomics for risk stratification in
prostate cancer[J]. Int J Radiat Oncol Biol Phys, 2019,
105(2):448-456

ACAR E, LEBLEBICI A, ELLIDOKUZ B E, et al. Ma-
chine learning for differentiating metastatic and completely

responded sclerotic bone lesion in prostate cancer: a retro-

[64]

[65]

[66]

[67]

[68]

[69]

(1101):20190286
PEEKEN J C, SHOUMAN M A, KROENKE M, et al. A
CT - based radiomics model to detect prostate cancer
lymph node metastases in PSMA radioguided surgery pa-
tients[J]. Eur J Nucl Med Mol Imaging, 2020, 47 (13):
2968-2977
MOSTAFAEI S, ABDOLLAHI H, KAZEMPOUR DEH-
KORDI S, et al. CT imaging markers to improve radiation
toxicity prediction in prostate cancer radiotherapy by
stacking regression algorithm[J]. Radiol Med, 2020, 125
(1>:87-97
OU W, LEI ] H, LI M H, et al. Ultrasound - based ra-
diomics score for pre-biopsy prediction of prostate cancer
to reduce unnecessary biopsies [J]. Prostate, 2023, 83
(1):109-118
LIANG L, ZHI X, SUN Y, et al. A nomogram based on a
multiparametric ultrasound radiomics model for discrimi-
nation between malignant and benign prostate lesions[J].
Front Oncol, 2021, 11: 610785
WILDEBOER R R, MANNAERTS C K, VAN SLOUN R J
G et al. Automated multiparametric localization of pros-
tate cancer based on B-mode, shear-wave elastography,
and contrast-enhanced ultrasound radiomics[J]. Eur Ra-
diol, 2020, 30(2): 806-815
ZHANG Q, XIONG J Y, CAT Y H, et al. Multimodal fea-
ture learning and fusion on B-mode ultrasonography and
sonoelastography using point - wise gated deep networks
for prostate cancer diagnosis[J]. Biomed Tech, 2020, 65
(1):87-98

(s ] 2024-03-11

(AT : FRIYHD



