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KEY WORDS

V2) combined with quantitative parameters derived from apparent diffusion coefficient (ADC)
map in the diagnosis of peripheral zone prostate cancer.

Methods: A total of SO patients who underwent prostate multiparametric MRI (mpMRI) with
suspicious peripheral nodules were retrospectively enrolled, and all patients were biopsy-proven
histologically. Two radiologists analyzed the position and category of peripheral zone lesions based
on PI-RADS V2. Then 12 ADC quantitative parameters were calculated regarding each lesion on
the ADC map by post-processing software. The lesions were divided into malignant group and
benign group according to histopathological findings. The ADC quantitative parameters between
groups were compared, and stepwise logistic regression analysis was used to build a discriminative
model. Receiver operating characteristic (ROC) curve and decision curve analysis (DCA) were
performed to evaluate the diagnostic power and clinical benefit.

Results: Twenty-eight peripheral zone prostate malignant lesions and 25 benign lesions were
obtained finally. The area under the ROC curve, sensitivity and specificity to differentiate peripheral
zone prostate malignant from benign lesions were as follows: 0.803, 60.71%, 92.00% (PI-RADS
V2 score), 0.857, 89.29%, 76.00% (ADC model), and 0.891, 71.43%, 92.00% (combined model),
respectively. The discriminative power of the combined model was significantly improved compared
with PI-RADS V2 score (P=0.012). The combined model had relatively optimal overall net benefit,
which outperformed the PI-RADS V2 score when threshold probability varied in the range of 0.05—
0.27 and 0.46-0.81.

Conclusion: PI-RADS V2 combined with quantitative analysis of ADC map improve the power in
discriminating peripheral zone prostate cancer from benign lesions, and the clinical benefit as well.

prostatic neoplasm; magnetic resonance imaging; prostate imaging reporting and data system;
apparent diffusion coeflicient; quantitative analysis

T 47) M8 e R S ] 52 58 P e i DL e e g 22

R i, BRI TR PR E RS

—, ULAERAER E R R A A g
iR 22 S 50 3L HR 14 (multiparametric MRI, mpMRI)
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ARG T PR AN A TR A e o T8 e 7 A i A
BN AR A A 35 5 BTt e O RR (9 A =

o kb R AR 2R R A3 A A RIS A AR A DG B S0P
i, REARIRT 2 W 6 7 HLV AR AR o e R AR
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PEARIEVIBR AR 5 #E— 20 UESE) , 4 #457~90(72.4+8.3)
%, ﬁﬁﬁu@%#%%‘@*fﬁ}ﬁ(prostate specific antigen,
PSA) k¥ 1.0~593.6[13.7(7.1, 36.1)] ng/mL; Rk
s S, AR S6~85(72.428.4) %, PSAWKIE
0.7~32.7[7.1(3.4, 13.0)] ng/mL.

1.2 MRI}&Z

K P15 = Siemens Magnetom Avanto 1.ST 008
SRR, R LB RS EY  E
HRARE MR B R E S . FRTIE Y mAREE, &
BBAMEME , 4 AL T A RS R LT
1/34b . FRIFIVEIEAL . KRG LR AL T2WT
AL T UIMAU S (T 1-weighted imaging, TIWI), Hli{i/
DWIJF 5 Al i DCE-MRI., H il i T2WIFF 51 2
B R H JE M1 ¥ 4 (fast spin echo, FSE),
] (time of repetition, TR) 3 750 ms, [ %
] (time of echo, TE)79 ms, JZ/&3 mm, JZ[H]H
0 mm, ¥} (field of view, FOV)350 mmx350 mm,
HFE320x320, IR ECLIR . DWUFFI S8 R
BAYICR T [F13 1A% ) 57 (single shot echo planar
imaging, SS-EPI), TR 2 900 ms, TE 88 ms, /2%
3.0 mm, ZA#E0 mm, FOV 380 mmx380 mm, #i[%
192x108, JHIANRE3UK . ¥ HkBUR R ELb i 3510,
50, 800 s/mm’, DCE-MRIZRFHHAE [0 35 25 B P 47 vk
J¥%(VIBE), TR 3.40 ms, TE 2.63 ms, JZ/53 mm,
JZ[E]#50 mm, FOV 350 mmx350 mm. K Ulrichf
JE T3 558 4 A 2R LU R A 6 4 RIS 48 ) i e bk A v
X HEFIRK )5 5 (Gd-DTPA-BMA) , K3 mL/s, &
0.1 mmol/kg, LA, TEGTE5 AT LIAH A H 2
17320 mLA= PEER K AT 0h ik
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i BEU) R IS AR L B S A S, W RS R
I W) 75 2 15 H Gleason /39 o AT H IR G ARG AR
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I PN AN ) DX Bl ) 32 8 R0 A R B2 43 | 1143 J A
i, Herpesr(353+373) M1, 753 (353 +443) HIIEK,
700 (4004357 ) NI, 843 (453 +457 ) NIVER, 93 (557 +
493 E45r+557) VLR
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T2WIA/ B DWIAH R AT 56 2275 o

X TR BR AN E 3 A PI-RADS V23 AR E 4y
PIDWLR £ 53751, (Y DWIES) 434> HDCE-MRI
FHYERT, PI-RADS V2i¥orJH2 El44r, HAHHPI-
RADS V21F5 4% FDWITESr . R4l PI-RADS V214
SRV AEEA IR R B TSI B v RERR S . 109
FAEEAR, WARTREELE; 250 MK, AATREAAE; 3
SRS, AIEEAELE; 453 M, RIBBAEAE; Sor Ak
HiE, WA T REAETE

1.5 ADCE& 5 #

e DWIIEIG L iy 2 J5 Ak BT ARG B, SR
Firevoxel?ﬁﬁ:(Center for Advanced Imaging Innovation and
Research, New York University School of Medicine, New
York, USA)M#Eb=800 s/mm’if 1Y &% 114 ADC,
A ADCIEE, A HADC=-In(S/S0)/b, H
T SFNSO43 il Ayt . A it fin ™ HCREURR AR B I ) 4F
SR, b HUEUR R EE . AR AE X mp MRIE R
HEFTPI-RADS V2PFAb I A kL sE L, 7ERT SRS A
/2 ] [ B4R X (region of interest, ROI), {1
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TEPEAM T g kb 1Y fe K 7 2 T O S AT RE R M A
R SR SRS - $ i W K I LAY T8 N r N 1}
PERRLTE M BSR4 A T AR B0 2 e
ZX B, 1559 kADCY- 4 (ADCmean) . ADC
¢ /ME (AD Cmin) fIAD CHiz K{H (ADCmax) . %5 7E9H
b R0 PAT AL PR UL DX 2 1 JR] JE ROT, - 0 PAT L AL
BIADCF-IIME, 1M kAR X AD C{E (rAD C=Jp kL
ADCmean/ M fL N JLADCmean) . FHADCHE S A
Image J#(f%:(National Institutes of Health, Bethesda,

MD, USA), JolfEIGEEHN8-bit K PRI EIFH B R
/N1 024768, IR LIk MROTT kT3 7 Fl ikt
(T RERA R S Rk ROTTE I — 8, 1B EIL
B E S5 (skewness) . W4 (kurtosis) . PRifE2E
(standard deviation, SD)*H%}?E;’ECE%EK@(gray—IeveI co-
occurrence matrix, GLCM)?)‘(IEZ‘%%I%ZI@/T JT‘E(angular
second moment, ASM) X Hﬁﬁ(contrast) . Ak
(correlation) ., %724 (inverse difference moment, IDM)
FlH (entropy), THEGLCMBEITER LK 1. 3
Jrm ko, BARTHEAXS W [11]. B FiRPI%4
SEAGREE I 43 510 57 58 DA - AD CIEUR I € £ 53 B

1.6 GiitFAbE
FIJHSPSS 22. 08K FFFIRERAF AT GE 17 430 #7

HRGORIIBI LS, T BORHE#E T Kolmogorov-
SmirnovIEAYERES, 56 15 A5 70 i DAY K+ 45 o
22 (xxs) KR, AFFA IES G DL A8 (B b o
B, T [M(P,s, Pr) 1R, RN R
4 (intraclass correlation coefficient, ICC)LAPEM 4 &
M54 AD CAE 1 2 BN W 435 (R i — BobE . R
Tl ST FEAS RS 56 B Mann-Whitney R 56 Fb 55 9 28 9 kb 4%
ADCIE SR 25, WA E 22574 Gt 7 L

2 WAMEKMADCEGEESHLLE

ADCHE H SR HIZ HH A B0 e U s, SR
ZIH TAERHE (receiver operating characteristic, ROC)
Hh 28 Fn P 3K 1 28 43 4T (decision curve analysis, DCA)PF
AR 535 X 531 8 5 i 97 B R A 78 1432 W
ARERNIGIRZ % o P<0.0S W2 FAH G5 Lo

28 B

R 8 mp MR TIN5 2 BRI 17 (4 BERLAG: e 435 2L
FE2S R i £ TR 3R AR 28 ik (8 3 - A A7 A
2L, f1dEGleason 164>, 184~ 74,
VI FIVEAN s 250 B P AR B kg2
ikt HrhaGIFE Yo EE NS

2.1 mpMRIE|#4PI-RADS V2iF5 R ADCEIEEE S
e S

Wi ZH L PI-RADS V2PEr 45 B L1, Wi
NI AD CAE i S5 A5 R UL 3R 2, TR 4 A )
ADCmean, rADC, ADCmin, SD, ASM, Correlation
FlEntropy )22 A G124 L (F¥1P<0.05) . EI1/RS7%
(PSA 24.21 ng/mL) F1168%/ (PSA 9.25 ng/mL) & & Hi %
mpMRIKE A 45 H, fUF5T2WI, DWI(b=800 s/mm”),
ADCEUE K dpgktROL,

%1 PI-RADS V2E{RIEH1ER
Table 1 Distribution of PI-RADS V2 overall scores

PI-RADS V23143
ZH 5 n
2% 341 44y s
Jaad 28 0 0 11 17
=R TS 25 4 1 18 2

Table 2 Comparison of ADC quantitative parameters between the two groups

ZH 51 n ADCmean/x10™ ssmm™ rADC ADCmin/x107 smm~> ADCmax/x10" ssmm™ Skewness
Pkt 28 1.05+0.23 1.06+0.25 0.73+0.26 1.53+0.26 0.45%0.55
R Mgkt 25 1.36%0.29 1.4340.32 1.12+0.33 1.65%0.28 0.24+0.56

t -4214 -4.670 -4.805 -1.733 1.368
P <0.001 <0.001 <0.001 0.089 0.177

2H 5 Kurtosis SD ASM/x107 Contrast Correlation/x107 IDM Entropy
Jekt 0.11(-0.42,0.82)  13.91+4.53 2.09(1.40,2.72) 14.62(9.87,20.80) 1.73(1.05,2.50) 0.31(0.29,0.35) 6.63+0.41
B -0.28(-0.58,0.47) 10.26+3.70 3.57(2.46,5.57) 11.29(7.67,17.46) 2.94(1.97,7.64) 0.32(0.26,0.40) 5.98+0.62

t 3.19 4.525
P 0.154 0.002 0.001 0.206 0.001 0.986 <0.001

I ARG (eks) 2, ARIES I BE HIM(P,, Ps) o
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Figure 1 mpMRI of a §7 years old man (A-D) and a 68 years old man (E-H)

A: A focal, well-bounded low signal nodule (red arrow) about 11 mm X 8 mm in the right peripheral zone on axial T2WL. B: Distinctly high

signal on DWI (red arrow). C: Significantly low signal on ADC map (shown as yellow irregular area). D: Lesion ROI after segmentation. The PI-

RADS V2 overall score was 4 points, and the lesion was confirmed as moderately differentiated prostate cancer (Gleason II) by histopathological

examination after biopsy. E: A strip-shaped, well-bounded low signal nodule (red arrow) about 13 mm X S mm in the left posterior peripheral

zone on axial T2WI; F: Diffusely restricted with mildly high signal on DWI (red arrow); G: Slightly low signal on ADC map (shown as yellow

irregular area). H: Lesion ROI after segmentation. The PI-RADS V2 overall score was 3+1=4 points, and the lesion was confirmed as prostatic

hyperplasia with chronic inflammation by histopathological examination after biopsy

2.2 ADCEREESHITEN—BEITMN

Wi 44 EE Vot 7 3 1 2R ADCIRIG 2 e 24 ICC
JEHEI0.726~0.972, Hrp AL A 22 53 Geit2r i L)
7RPADCIE4 2 B EHYICCYE E 40.885~0.972 (44
110.75), VEHIIX S i SR HA R AF RIS ]
— 5t

2.3 ROCHZ& 5 #T X DCA

R G 21 (8] 22 53 Ge i 2 8 LA 7R AD C A
G mSBIE RN HAR, DO AE R GYEE A
i, AR RNEZ A E L ADCRLY,
ADCminflEntropy#¢ 40 A iZAL7 . XIPI-RADS V21F
4. ADCmean, ADCHIAI A1 (PI-RADS V2if
53+AD CELI ) 47 5 1k 5 T2 W &M s i 47) g A R
PR AR B EREVEFTROCHIZR A0 (E12) . ROCHHZE TR
AR, MUY | AR SEAEPI-RADS V24 4
°50.803, 60.71%, 92.00%; FEADCmean i /4
°50.820, 82.14%, 80.00%; FEADCHIAH/451 K
0.857, 89.29%, 76.00%; FEBEA BRI A14351°40.891,
71.43%, 92.00%. BXGHIRILEA Fem iz kagne, H
AP AR LA A BRI A PI-RADS V2143 112
Wrak e A i E 8Tt (P=0.012) . ADCHIRIHA Fe iy
BUBE , (HAR SRR ; PI-RADS V2iF4rFl S iRl
BAFRIF R, BARAIEPI-RADS V2iT-4)

MIRBURE A $E 5 . N PEAR I A B R I2 W7 A1 8 4 i 1)
g I AR 32 25 5 0L, XTPI-RADS V2143 . ADCHELARY
KIS ERIEATDCA(KZ), ZEHREH . BEAHA
EA R AR B2 25 %, 1E E£0.05~0.27 A1
0.46~0.8 13 [Bl N, EA A5 (1) 147 25 A LU PI-RADS
V2PES

100

Sensitivity/%

------- PI-RADS V2 score
<~ ADCmean

- Combined model

25 NY 75 100
Risk threshold

B2 407 5L RS W INE R 5 AR EE A0 AT 5 AR R R AT
HIROCHH %

Figure 2 Receiver operating characteristic (ROC) curves of

the 4 methods for differentiating prostate cancer from benign

prostatic hyperplasia
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—— PI-RADS V2 score
= ADC model
—— Combined model
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=
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0 \ \‘
~0.1 1 Il 1 Il 1
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Risk threshold

[El3 PI-RADS V2iT4y. ADCHEE K BX S1RE IR SR B & 1T

Figure 3 Decision curves for prostate cancer diagnosis using 3
diagnostic methods including PI-RADS V2 score, ADC model,

and the combined model
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F)M0.803, S HEEE I RF ST A5 AR LR, X
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1 FEFF5, ADCIEHNE b DWIK 73 A Y iz
B A AR TR, BENS LR S R AR
W5 I W45 452 BEADCIH fiE#2 B PI.RADS V234>
WA I R B SR A B I ARE . ARBIFST o kRl

fJADCmean, rADCHIADCmin{ti?) B T B Mkt
2, HP L% E =S 5AD Cmean X 73 kAl R PR 4
(2 HRLRE 20.820, SREFERFSEHiiEADCIEAEASL
YT RS T 2155 (4 el N S e o A8 1y 25 5
Fflo X2 PR AR KL P el 4 i S AN Az A, S Ek
i) DR o 0B N LT e NN TT AR Y
P s shZ M, ADCIHEML. 5" SR s iR
ADCmean, rADCHIADCmin{H 5 Gleason)2% F A [F)F2
JERADE, RENS S LR R 7R R

T FLAD C MG 43 Bt =2 B2 0t Joy 350 38
JE - BE s BT Bt S8, AR iRk As W] 4 A
ZH, PBINARFIR 454 GLCMEH S M ke i — 25836
HEXH bR SRR FEDE T ADCRE LA
% BLAD Conin AV 2 G605 20 37 0000 40 & 5 iy 471 i kb
EAERS PP ADCE BS54, ADCmean/zROI ADC
1B A a7 B H 45 5 | Hosseinzadeh %™ & BT 41 i 41
JE A e S AR 42U L, ADCmeanfffE & .
X ] e A2 T A R A 0 e — N T R A R
HNFAERA RN Z B, SR LA
PN — KoL, B0 X o ROEME R
Ag . HZ AR, ADCmin S fi 5B RT P HS  FE
B, HMADCmini % 5 MR 40 M 25 42 IX A Y, AR
FEHE S TP e 9 R B AR TR BRI S . R GLCM
FEAE Al it KR sr P EE LB 2 R B R Fa bR, BEAE
J52 R B0 SO S JB A ) A v A e s P AN
¥ —uik g 2y, JF SReE(E R B A, JTY R
R 2 R A B T, RS R
JRkE AL, SRR R (R R, AR AU S HERE
%, X 5WibmerZ "W BF ST 45 R AT —5 . AHF
5% 3¢ W AD C UG S AR 40 2 SOBVRRAE 7 11T 50 i 98 2 P
WA EEME, JUHRE N TR R ARTE
BR2F AR SRR AR, 3T 2RI MRUT S AL
v 2 7 R H g I L PR A T R B A

XA PI-RADS V2143 FIAD CE% 52 & 43 H % i
IR A 0 JE A e ek A R P kR R AT S RS Wi, 2
WAk E1%30.891, #XPI-RADS V2iT/rA WaiRT;, &
HIRAE O R S AT 48 5 B2 19 W] B 32 v 12 W7 1 flake
FE, NI RE R AR 52 3 I el D A Wb 10 2 G A
KHDCAB M EALPEN B4 BB 3 1232 TR K 1Y
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P2 RN R 52 s BRI o APPSR S5 R RN X T
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