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[ Abstract] Background and purpose: Intravoxel incoherent motion (IVIM) based on the theory of biexponential model is
increasingly researched in the field of oncology. There is growing interest in the reproducibility of biexponential diffusion parameters.
This study aimed to investigate the reproducibility of IVIM parameters of breast cancer based on different regions of interest (ROIs)
and the influence of breast density, microcalcifications and histological grade on this reproducibility. Methods: In this retrospective

study, 60 patients with breast cancer who treated in Central Hospital of Wuhan, Tongji Medical College, Huazhong University of
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Science and Technology underwent 3.0 T magnetic resonance imaging (MRI), including an IVIM diffusion-weighted imaging (DWI)

examination with 12 different h-values (0-1 200 s/mm”). Two radiologists independently delineated different ROIs that were used to
measure IVIM parameters [ true diffusion coefficient (D), pseudo-diffusion coefficient (D) and perfusion fraction (f) ] . Intraclass
correlation coefficients (ICC) were calculated to assess measurement reproducibility of the parameters. Variability between readers
was assessed by using Bland-Altman 95% limits of agreement and analysis of variance (ANOVA). The effects of breast density,
microcalcifications, and histological grade on measurement reproducibility were also assessed. Results: There was no significant
difference in the IVIM parameters (D, fand D*) among the three tumor ROIs. The intra- and interobserver reproducibility were good
for D and f(ICC=0.773). However, D* had poor measurement reproducibility (ICC<0.75). Bland-Altman analysis revealed the
narrowest 95% limits of agreement using the outlined-tumor ROI for D between readers. All breast cancer parameters were highly
reproducible irrespective of breast density, histological grade or coexistence of microcalcifications (ICC=0.811). Conclusion:
Outlined-tumor ROI was more reproducible with respect to IVIM parameter measurements than the tumor fixed-radius ROI method.
Breast density, microcalcifications and histological grade did not significantly affect the repeatability of the IVIM parameters.
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Fig. 1 Drawing different ROI for the same breast cancer patient

MR images in a grade Il right invasive ductal carcinoma of a 54-year-old woman. A-C: Corresponding IVIM parametric maps of D, D" and f'showed
outlined-tumor ROI; D-F: Corresponding IVIM parametric maps of D, D" and f'showed radius-5 mm ROI; G-I: Corresponding IVIM parametric maps
of D, D" and f showing radius-2 mm ROI; J-L: Pseudo-color images of D, D" and fvalue
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Tab.1 Results of irrelevant motion parameters in voxel measured in breast cancer patients with different ROI selection methods

Reader 1 Reader 1
(1st measurement) (2nd measurement)

Reader 2

Regions
f D D f D D ¥a D D

Invasive breast
cancer

Outlined-

tumor ROI 12.057+4.750 0.839+0.204 9.610+£2.331 12.161+4.616 0.844+0.165 9.450+2.055 11.930+4.462 0.850+0.177 9.133+1.860

Riﬁi(i)uls_z MM 11307+4.971 0.833+0.162 9.733+2.820 10.526+4.700 0.821+0.180 9.149+2.956 10.320+5.146 0.812+0.185 9.376+3.390

Radius-
5 mm ROI

Normal breast
tissue

12.170+4.948 0.838+0.171 9.499+2.295 11.4204+3.709 0.843+0.177 9.278+1.911 11.445+4.760 0.813+0.148 9.031+2.412

O?&Eﬂfrdf-{OI 8.980+3.778  1.628+0.349 7.323+2.048 8.867+4.100 1.622+0.357 7.43242.092 8.834+3.938 1.618+0.360 7.142+2.138

Radius-
2 mm ROI

Radius-
5 mm ROI

8.731+£4.556  1.692+0.368 7.410+2.373 8.424+4.067 1.732+0.344 7.603+2.208 9.327+4.605 1.708+0.352 7.865+2.443

8.559+3.637 1.658+0.348 6.887+1.998 8.247+3.930 1.688+0.337 6.597£1.659 8.700+4.671 1.670+£0.360 6.600+2.254
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Tab.2 Reproducibility of IVIM-derived parameters for different ROIs in the first measurement of reader 1

f D D'
Regions
1CC 95% limits of P ICC 95% limits P ICC 95% limits of P
(95% CI) agreement/%  value (95% CI)  of agreement/% value (95% CI) agreement/% value
Invasive breast cancer
Outlined-tumor vs 0.933 0.864 0.819

radius-2 mm ROI -4.00-5.50 0.489

(0.875-0.964)
Outlined-tumor vs 0.957
radius-5 mmROI  (0.920-0.977) ~ ~+00-3.70 0.917
Radius-2 mm vs 0.893

radius-5 mm ROT  (0.799-0.943) ~ ~0-90-520  0.426

Normal breast tissue

Outlined-tumor vs 0.920
radius2 mmROI  (0.849-0.957) ~ ~+20-470 0.780
Outlined-tumor vs 0.892
radius-5 mm ROT (0.798-0.943) ~ ~+10-490  0.636

Radius-2 mm vs 0.897

radius-5s mm ROI  (0.807-0.945) ~ ~+80-5.10 0.846

(0.745-0.928)

0.901
(0.814-0.947)

0.930
(0.869-0.963)

0.943
(0.893-0.969)

0.986
(0.973-0.992)

0.960
(0.924-0.979)

-0.26-0.24 0.882 -4.10-3.80 0.832

(0.661-0.904)

0.902

-0.20-0.19 0.905 (0.817-0.948)

-2.60-2.80 0.840

0.764

“0.19-0.19 0977 558-0.874)

-4.20-4.60 0.670

0.795

-0.39-0.26 0.413 (0.641-0.899)

- 6.00-5.80 0.855

0.826

-0.19-0.13 0.704 (0.792-0.904)

-4.40-5.20 0.359

0.761

-0.24-0.31 0.660 (0.539-0.886)

-4.20-5.30 0.272
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Tab.3 Intra- and interobserver reproducibility for IVIM-derived parameters by different tumor ROIs

Outlined-tumor ROI

Radius-2 mm ROI

Radius-5 mm ROI

Regions Parameters 95% limits of 95% limits of 95% limits of
ICC (95% CI) agreement/% 1CC (95% CI) agreement/% ICC (55% CI) agreement/%
Invasive
breast cancer
Intraobserver I 0.936 (0.880-0.966) - 4.60-4.40  0.817 (0.656-0.902) - 6.70-8.20 0.866 (0.748-0.928) - 5.20-6.70
D 0.962 (0.929-0.980) - 0.13-0.11  0.948 (0.902-0.972) -0.15-0.19 0.917 (0.844-0.956) - 0.19-0.18
D 0.876 (0.767-0.934)  -2.70-3.00  0.714 (0.465-0.848) - 4.80-5.90 0.782 (0.591-0.884) - 3.30-3.70
Interobserver f 0.838 (0.696-0.914) - 4.60-4.40  0.792 (0.609-0.889) -7.20-9.20 0.773 (0.575-0.879) - 7.50-8.90
D 0.941 (0.890-0.969) - 0.17-0.14  0.900 (0.812-0.946) - 0.20-0.26 0.908 (0.828-0.951) - 0.16-0.21
D 0.734 (0.501-0.858) - 3.30-4.30  0.616(0.279-0.795) - 6.10-6.80 0.726 (0.487-0.854) - 3.80-4.70
Normal
breast tissue
Intraobserver ya 0.960 (0.925-0.979)  -2.50-3.10  0.878 (0.771-0.935) - 5.30-5.90 0.908 (0.827-0.951) - 4.00-4.60
D 0.994 (0.989-0.997)  -0.10-0.11  0.956 (0.918-0.977) -0.33-0.25 0.976 (0.955-0.987) - 0.24-0.17
D 0.920 (0.851-0.958)  -2.30-2.10  0.599 (0.248-0.786) - 5.00-4.60 0.697 (0.432-0.839) - 3.20-3.80
Interobserver f 0.971 (0.946-0.985) - 2.40-2.70  0.853 (0.724-0.921) - 7.00-5.80 0.874 (0.764-0.933) - 5.60-5.30
D 0.994 (0.989-0.997) - 0.10-0.12  0.954 (0.913-0.975) -0.31-0.28 0.987 (0.976-0.993) - 0.17-0.14
D 0.916 (0.843-0.955) -2.10-2.50  0.501 (0.064-0.734) - 5.90-5.00 0.652 (0.347-0.814) - 4.00-4.50
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Tab.4 ICCs for IVIM measurements based on breast density, microcalcifications and histological grade

Parameters

ICC (95% CI)

D D

Breast density
Heterogeneously dense (n=21)

Extremely dense (n=35)

Microcalcifications
Yes (n=28) 0.954 (0.890-0.981)
No (n=32) 0.915 (0.780-0.967)

Histological grade

Low-grade (n=22)

0.884 (0.637-0.963)

0.865 (0.682-0.943)

0.975 (0.923-0.992) 0.866 (0.583-0.957)

0.951 (0.886-0.979) 0.895 (0.751-0.955)
0.968 (0.922-0.987) 0.913 (0.790-0.964)

0.957 (0.888-0.983) 0.811 (0.508-0.927)

High-grade (n=31)

0.960 (0.885-0.986)

0.926 (0.832-0.967)

0.950 (0.856-0.982)

0.967 (0.926-0.986)

0.847 (0.562-0.947)

0.895 (0.762-0.954)
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