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A comparative study of monoexponential model and diffusion kurtosis
model based diffusion-weighted imaging (DWI) for
evaluating Gleason score (GS) of prostate cancer

SHAN Ying-chan'?, LIU Kai'?>, ZENG Meng-su'*, ZHOU Jian-jun'*
(" Department of Radiology s Zhongshan Hospital , Fudan University s Shanghai 200032, China;
>Shanghai Institute Medical Imaging , Shanghai 200032 ,China)

[Abstract] Objective To compare the utility of various metrics derived from monoexponential model
and diffusion kurtosis model based diffusion-weighted imaging (DWI) in evaluating Gleason score (GS)
of prostate cancer. Methods From May 2017 to Dec. 2018 in Zhongshan hospital, Fudan University
patients with clinically suspected prostate lesions underwent multiparametric magnetic resonance
imaging (mpMRI) , including routine sequence, DWI, dynamic contrast-enhanced magnetic resonance

imaging (DCE-MRI). DWI data were postprocessed using monoexponential and DK models to quantify
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the apparent diffusion coefficient ( ADC), apparent kurtosis coefficient ( Kapp), and corrected ADC
related to Gaussian behavior (Dapp). Spearman correlation analysis was used to analyze the relationship
between those parameters and the GS. Among the three groups and the two groups,one-way Analysis
of Variance ( ANOVA) and independent sample ¢ test were used to analyze the difference of
parameters,and Kruskal-Wallis one-way ANOVA (% sample) and Mann-Whitney « test were used to
perform nonparametric test analysis. The ROC curve was used to analyze the differential diagnosis
ability of parameters.  Results Both ADC and Dapp were negatively correlated with the GS of
prostate cancer, while Kapp was positively correlated with the GS of PCa. The three parameters all had
statistical differences between GS<(3 + 4 and GS>3 +4,GS<3 +4 and GS>3 + 4 (P<C0. 05 for all);
only Kapp showed significant difference between GS=4 + 3 and GS>7 groups (P<C0.01). The AUC
of ADC,Dapp and Kapp in differential diagnosis of GS<{3 + 4 and GS>>3 + 4 were 0. 751,0. 756 and
0. 785 ,respectively, but differences among AUCs were not statisticant (P = (.58 — 0. 76).  Conclusions
DWI parameters derived from ME model and DK model were helpful for preoperative evaluation of

Gleason grading of prostate cancer; Kapp may be an excellent predictor of tumor aggressiveness, and

diffusion kurtosis imaging is recommended for clinical use.

[Key words] magnetic resonance imaging ( MRI) ;

diffusion coefficient (ADC) ;

comparative study
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AT BE s (D) AR b JCik Wi At s (4) [ E L5 BE 22
FUG BT i AN s ORI 28 il B H GS<29,
AW 43 4 (R D AR 57~85 % 11
RN 70 % P AL AR S 69 %, B IR AT TE AR SC I IR
LI 19 £ ALFEIRIIR 2 HE R RE ORI 2 .
R ot PR A e S0 6 v ) — Rl B LA 53 bR — %4
B B R G S PURSIR T AR AR A A
B PSA 7K -3 [l R 4. 36 ~ 102, 10 ng/mL, ¥
(28.87 £26.02) ng/mL, %A 20.89 ng/ml., H
H 40 B ARG 2T ARIBIT .3 A TRl 12
Je BTE MRI K £ v 30 6 Kb 5 7 6 458 9 93 WA IR 97
H 24 GS4+5=9,14 GS5+4=9, DI Wik
i GS K/MEGTF 73 2H ARG 2H GS <3 + 4,13 fif;
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143 BNAERE MR AR
Tab 1 Clinical data of the 43 patients

Items Data
7017 (57— 85)
28.87 £26.02 (4.36—102.10)

Age (y)
PSA level (ng/mL)
Cases of each GS (n)

3+3 2
3+4 11
4+3 11
3+5 1
4+4 2
4+5 107
5+4 4%
5+5 2

Pathologic staging (1)

<T2 5
T3a 24
T3b 7
T4 4
Unknown 3

#3 cases of GS=9 were evaluated by biopsy.
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b % 0.50.,100.200,900.1 100.1 400, 1 800,
2 200,2 500F1 3 000 s/mm’, Xt NEX 4354 1.
1.1.1.4.4.6.8.10,.10 f1 12, DCE-MRI % ff 3D
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Tab 2 Spearman’s rank correlation analysis

of parameters and GS

Parameters ADC Dapp Kapp
Spearman’s p —0.48 —0.42 0.62
P <0.01 <0.01 <20. 01

DWI £ #% 5 R [E GS 48 5 57 51 5 & 3 88 & 47
ADC . Dapp 1 Kapp 7E2H 5] GS<3 + 4 F1 GS=>7 [i]
Z S A B E L (P<<0.05) s 7R 5 GS<<3 + 4
M GS=4+3 2R TL I E LU Kapp £
A GS=4+3 F1 GS=>7 [l 22 5 BA G it 38 X
(P<<0.01); 4k » ADC . Dapp Fl Kapp £ 41 5 GS<
3+4 M GS>3 +4 [ EZRHAEITFEL(P<
0.05), ROC i€k 4371 7% Kapp 9 AUC K. {H
E3NSHN AUC IR ZER LGB X (P =
0.58~0.76), HARLGE RS F 3.4 K 1.8 2.3
“hy MR 191 75 451

R3 VHESHEREHADEZEREEERBER

Tab 3 Significance test of difference of DW parameters between Low- and High-risk groups (x £5)
Parameters GS<3+4 (n=13) GS>3+4 (n=30) t P
ADC (X103 mm?/s)® 0.628 £0. 098 0.551+0.075 2. 81 <0.01
Kapp* 0.801 £0. 105 0.913+0.119 -2.94 <0.01
Dapp (X107 3mm?/s)" 1.162+0. 218 0.979 £ 0. 148 - <0.01

“ADC and Kapp were analyzed by independent-samplest test;"Dapp was analyzed by Mann-Whitney U test.

R4 FHSHENSH GS<3+4 f1 GS>3+4 AR ROC HiZ 5T 4R
Tab 4 ROC curve analysis of DW parameters for differentiating GS<<3+4 and GS™>3+4 groups

Parameter AUC 95 %CI P Sensitivity (%) Specificity (%) Youden index Associated criterion
ADC 0.751 0.596 = 0. 870 <0.01 70. 00 76.92 0.47 <C0.598 X 10 *mm?/s
Dapp 0. 756 0.602—0.874 <<0.01 61.54 86. 67 0. 48 <1.155X 10 *mm?/s
Kapp 0. 785 0.633 - 0.895 <<0.01 92, 31 73.33 0. 66 =>(. 844
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The receiver operating characteristic curve of ADC, Dapp,Kapp
for differentiating GS<C3 + 4 and GS >3 + 4 groups. Gray line:
Chance diagonal.
E1 DWZ# ROC fZ b B E
Fig 1 Comparison of ROC curves of DW parameters
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) B35 22 o TS e 2 21 rh 3 K 40 F 9 s
B, B AE ADC s B, 2R
FW ADC 5 GS fAAE R &0 0 AR B 5% th
52K PLgE R . Anwar Z1 58 ADCHH (fi I b

Images show a case of seventy two-year-old man with prostate cancer (GS 3 + 4 =7, lesions in left lobe of prostate,<ZT2,PSA 4.4 ng/mL).

The index lesion (0.7 cm) in the left PZ,PI-RADS V2 category 4. A; The lesion is indicated by a red circle on T2WI; B-E:Images obtained with

b values of 900,1 100,2 200 and 3 000 s/mm?;as the b value increases, the signal of the normal tissue is gradually suppressed, whereas the

tumor’s signal becomes more and more obvious; F;: Mean ADC value of ROI is 0. 727 X 10 3 mm?/s on ADC map; G-H:Dapp and Kapp values

are 1.302X 10 ?mm?/s and 0. 717 on pseudo color maps,respectively.

2 HERFFG 1
Fig 2 Typical case 1
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Je 20 SOV 25 K 8078 1) 25 3 A K A AT 3 75 i i 97
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B GS=4+3 fil GS<<3+4.GS>7 X ADC ff 2
SEICGE AT S — Ty il REJE 52 FEAS B BR A 5

— 75 I AT AE S PR O TR UL A5+ 22 S AN D

Images show a seventy-year-old man with prostate cancer (GS 4 + 5 =9,lesions in both lobes of prostate, T3a,PSA 7.9 ng/mL). The index
lesion (1.8 cm) in the left PZ,PI-RADS V2 category 5. A: The lesion is indicated by an red circle on T2WI;B-E:Images obtained with b values

of 900,1 100,2 200 and 3 000 s/mm?,as the b value increases, the signal of the normal tissue is gradually suppressed,whereas the tumor’s

signal becomes more and more obvious; F: Mean ADC value of ROI is 0. 544 X 10 3*mm?/s on ADC map;G-H:Dapp and Kapp values are 0. 940

X 10 3*mm?/s and 0. 943 on pseudo color maps, respectively.

B3 #ERRFG 2
Fig 3 Typical case 2
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