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[ Abstract] Background and purpose: In recent years, the development and application of diffusion-weighted
imaging (DWI) have greatly improved the specificity of magnetic resonance (MR). The intravoxel incoherent motion

(IVIM) model and the diffusion kurtosis imaging (DKI) model, as new technologies, have made some progress in
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clinical research. This study aimed to evaluate the diagnostic value of mono-exponential, IVIM and DKI models of
DWTI in characterizing benign and malignant breast lesions. Methods: Patients diagnosed as Breast Imaging Reporting
and Data System (BI-RADS) category 4 or higher using mammography or ultrasonography were seleted for breast MR
imaging. The exclusion criteria included: () Patients who underwent core-needle biopsy or preoperative chemotherapy
or surgery; (2) Patients whose MR images had substantial motion artifacts. Turbo inversion recovery magnitude (TIRM),
multi-b DWI (readout-segmented echo-planar imaging) and dynamic contrast-enhanced T1WI were performed in all
patients. Region of interests (ROIs) were drawn on apparent diffusion coefficient (D,pc) maps on the slice with the
largest tumor area using »=50 and 1 000 s/mm’, avoiding necrotic or cystic parts. The parameters of mono-exponential
(Dapc), IVIM [molecular diffusion coefficient (Dyy), perfusion-related diffusion coefficient (D*) and perfusion fraction (f)]
and diffusion kurtosis model [diffusivity coefficient (D), kurtosis coefficient (K)] were measured by two radiologists.
The difference in the parameters between malignant tumors and benign lesions was analyzed by independent sample
t test. Receiver operating characteristic (ROC) curve was performed to compare the diagnostic value of different
parameters based on the area under curve (AUC). Z test was performed to compare the difference of each AUC. Results:
Eighty patients (83 lesions) were included in our study, and there were 38 breast benign lesions and 45 malignant lesions. D .,
Dy, K and Dy values were all statistically significant for the differential diagnosis of malignant and benign breast lesions (P<0.05).
The optimal threshold values were D, 1.08 x10° mm’/s, Dy, value 1.06x10° mm?/s, K value 0.756 and Dy, value 1.36x10° mm?/
s. The D* and f values between benign and malignant lesions had a large degree of overlap, and the difference was
not statistically significant (P > 0.05). The ROC curve area showed that the AUC of K and D, values in differential
diagnosis of benign and malignant breast lesions were the highest, 0.956 and 0.947, respectively. The sensitivity and
specificity of K value were 91.1% and 89.5%. The sensitivity and specificity of Dy value were 93.3% and 84.2%. The
AUC of D,pc and Dy value were 0.933 and 0.923, respectively. The sensitivity and specificity of D, value were
88.9% and 84.2%. The sensitivity and specificity of Dy, value were 91.1% and 84.2%. Finally, the AUC of D,p¢, Dpr,
K and Dy values in the differential diagnosis of benign and malignant breast lesions were not statistically significant
(P> 0.05). Conclusion: The three models all had good performance in differential diagnosis of benign and malignant
breast lesions. IVIM and DKI showed higher AUC, but the AUC had no statistically significant difference among all
models. The mono-exponential model had good clinical value with the advantages of short detection time and easy post-
processing.

[Key words] Breast cancer; Diffusion-weighted imaging; Magnetic resonance; Intravoxel incoherent motion;
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340 mmx340 mm, Zb{EDWIR HEEH J5 W 4
BORAEV 1 1 587 %1, DWIZEL: TR/TE=
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Dpy ) ZBFIEJG D pcfE, BIEERIE & i % Jn
D apclH o

AKX (1-3) J, b BURUR A B
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(P<0.001) . REBPEEEAEGEE N7 i) 22
SAEGEE L [ (2.041.3) vs (2.5+1.3)
P=0.005 ] . R kL SRR L g kA 31
A, AR AL R KL TAS s Rk e
P b kAT 334, JEMh SR AL i kAT

124>,

JIT A 9 191) 44 20 2 20 L2 LB 20 )3 G
12, R3S, IR 1A . YRR
164>, YR G I RE IR LS . SN
SRIEESAS L RZEI N EZLIR R 1A L AR
e 2 A . Y IR RSOV 1A L SR
4, B A IR45 . IR ETE 201
Bt S8 G I E AR 134 . RERAE9
AL BRI REE A IR . IREIE AN,
2.2 BISHER IVIMERFDKIEE &S HE
BOZH X 4R i8] — B MR

DADC{E\ DDT{E\ D*fﬁ\ K{Eﬂ:ﬂDDK{EH{J_‘ﬁf
PEAS IR 25 A4 K F0.75, HA R IAY2H P 2H fa]—
vk, (HSEAE A4 Al —EEICC 0.656, A —
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Tab.1 Characteristics of different parameters of benign and malignant breast lesions

(x£5)

Parameters Benign lesions (n=38) Malignant lesions (n=45) P value
DWI

Dope/*107° mm®/s 1.44+0.36 0.91+0.14 <0.001
IVIM

Dpy/x10° mm?*/s 1.43+0.36 0.88+0.13 <0.001

D*/x10° mm®/s 4.60+2.10 5.38+2.14 > 0.050

% 8.7042.90 10.10+3.70 >0.050
DKI

K 0.61£0.12 0.87+0.11 <0.001

Dp/*10° mm*/s 1.77+0.43 1.13+0.19 <0.001

D ,pc: Apparent diffusion coefficient; Dy,,: Tissue diffusivity coefficient; D*: Perfusion-related diffusivity coefficient; f: Perfusion fraction; K: Kurtosis

coefficient; Dyy: Diffusivity coefficient
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(P<0.001) ; 5AND*FIFE7E B ENER
IZEAERKES, ZRHLRIT¥E XL
(P¥>0.05) .
24 SFERISEIHIROCH ZE RIS HsTAERI bR
DI ERZE IR R bR ifE, TR 3AOR R D WL
R ZHOC WL I B . REBUE . R R
JAUC, DKIEERIH S E KA 5 TVIMEL R )
BHD HHYROCHI L IAUCHK 5, M E T-Dapc

{HHADn fHIWAUC (£2, K1) o 4Dyl A HE
<1.06x10° mm®/si}, HAZ W7 5 A Fs S 5 4%
MIR93.3%F184.2% . “SKAE I FAEEL > 07568,
A2 Wt R AR RN S5 B 53 o 91.19%F189.5% . Yo
FIRANZEIIROCH A M AUCHEA T ZRG 55, 3R
Dapc Doy KDy AHZ [ F ¥ TG4
X (P¥>0.05) .

R 2 SHARBESHMISEH LR LR

Tab.2 Comparison of diagnostic efficiency of three different model parameters

Parameters AUC Thresholds Sensitivity/% Specificity/%
D,p/*10° mm?/s 0.933 <1.08 88.9 (40/45) 84.2 (32/38)
Dyyy/x107° mm’/s 0.947 <1.06 93.3 (42/45) 84.2 (32/38)
K 0.956 >0.756 91.1 (41/45) 89.5 (34/38)
Dpy/x10° mm’/s 0.923 <136 91.1 (41/45) 84.2 (32/38)

D,pc: Apparent diffusion coefficient; Dy,: Tissue diffusivity coefficient; K: Kurtosis coefficient; Dy, Diffusivity coefficient

Source of the curve
=, Do
= D

0.8 K

ok
Reference line

=
o
1

Sensitivity

°
B

0.2

0.0 02 04 06 038 10
1-Specificity

B 1 Dy fE. Dy fE. KEXKD,EHROCH Z&E
Fig. 1 The ROC curves of D ¢, Dy, K and Dy values

The K value has the largest area under the ROC curve. Diagonal
segments are produced by ties. D pc: Apparent diffusion coefficient;
Dyy: Tissue diffusivity coefficient; K: Kurtosis coefficient; Dpy:
Diffusivity coefficient
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