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Diffusion-Weighted Imaging
as a Stand-Alone Breast
Imaging Modality
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Diffusion-weighted magnetic resonance imaging (DW MRI) is a fast unenhanced technique that
shows promise as a stand-alone modality for cancer screening and characterization. Currently,
DW MRI may have lower sensitivity than that of dynamic contrast-enhanced MRI as a stand-
alone modality for breast cancer detection but superior to that of mammography, which may
provide a useful alternative for supplemental screening. Standardized acquisition and interpre-
tation of DW MRI can improve the image quality and reduce the variability of the results. Fur-
thermore, high-resolution DW MRI, with advanced techniques and postprocessing, will facili-
tate better detection and characterization of subcentimeter cancers and reduce false-negatives
and false-positives. Future results from ongoing prospective multicenter clinical trials using
standardized and optimized protocols will facilitate the use of DW MRI as a stand-alone modality.
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Fig. 1. A50-year-old woman with invasive ductal carcinoma in the left breast.

A, B. On axial noncontrast diffusion-weighted images, the lesion is not visible at b = 0 sec/mm?, but it is readily apparent as hyperintense, com-
pared with surrounding fibroglandular tissue, at b = 1200 sec/mm? because of impeded diffusion in the lesion.

C. The corresponding ADC map confirms a lower diffusivity in the lesion (mean ADC=1.11 X 10 mm?/sec) compared with normal tissue (mean
ADC=2.10 X 10° mm?/sec).

ADC = apparent diffusion coefficient

b=0sec/min? b=1200 sec/mmz2
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Table 1. Blinded Reader Studies Evaluating DW MRI Performance for Breast Cancer Screening

Total No. Field Max b
NC-MRI .
References (Cancer  Strength Value Technique Study Population Sn (%) Sp (%)
Prevalence%) (T) (sec/mm?) 9
Yabuuchi et al. DCE MRI detected asymptomatic malignancy +
63(67) 15 1000  ssEPI, T2WI yme ghancy 50 95
2011 (16) controls
Kazama et al. SSEPI, T2WI Under 50 years of age with known malignancy +
46 (27) 1.5 800 74 93
2012 (17) ADC controls
. . Known malignancy, patients with suspicious . .
Trimboli et al. SSEPI, T1WI, . o 7 90
67 (32) 15 1000 mammographic or ultrasound findings, and
2014 (18) STIR, ADC ) i o . (76-78)  (90-90)
intermediate-to-high-risk screening
Telegrafo et al. DWIBS, T2WI,  Suspicious mammographic or ultrasound findings
= 280(46) 15 1000 o el £ o 79
2015 (19) STIR, ADC and high-risk screening
McDonald et al. sSEPI, T2WI, High-risk with dense breast tissue with
48 (25) 15,3 600,800 . 45 91
2016 (20) T1WI, ADC mammographically-occult cancer + controls
rs-EPI MIP, o
Kang et al. Asymptomatic with history of breast cancerandno ~ 93* 94*
343(2.5) 3 1000 rs-EPI fused . .
2017 (21) known active malignancy (89-100) (93-95)
to T1WI
Rotili et al. o )
156 (1.4) 15 1000  ss-EPI,ADC Asymptomatic high-risk screening 100" 90t
2020 (22)
Haetal. Contralateral breast of women with newly
1130(1.9) 3.0 1000  ss-EPI,ADC . . 7.8 87.3
2020 (23) diagnosed unilateral breast cancer

*Mean sensitivities and specificities for multiple readers was not reported in original literature and was calculated by author.

fCalculated from double reading.

ADC = apparent diffusion coefficient, DWIBS = diffusion-weighted MRI with background suppression, MIP = maximum intensity projection,
NC = noncontrast, rs-EPI = readout-segmented echo-planar diffusion-weighted imaging, Sn = sensitivity, Sp = specificity, ssEPI = single-shot
echo planarimaging, STIR =short Tl inversion recovery, TIWI = T1-weighted imaging, T2WI = T2-weighted imaging
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Fig. 2. A 44-year-old woman with invasive ductal carcinoma (histologic grade 2).

A. Axial image from dynamic contrast-enhanced MRI shows a 9-mm small enhancing mass in the right
breast.

B. Reversed maximum intensity projection image shows a small high signal intensity lesion in the right
breast.

C, D. On axial diffusion-weighted images, the lesion is a small hyperintense mass at b =0 (C) and b = 1200
sec/mm? (D), apparent diffusion coefficient value of this mass was 1.01 mm?/sec.
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Fig. 3. A47-year-old woman with ductal carcinoma in situ (nuclear grade 2).

A. Dynamic contrast-enhanced image shows a non-mass enhancing lesion measuring 60 mm in the left
breast.

B, C. Axial DW MR image at b = 1200 sec/mm? (C) shows a non-mass hyperintense lesion in the outer portion
of the left breast, which is not visible on the DW image at b = 0 sec/mm?(B).

D. The corresponding ADC map shows a low signal intensity lesion (mean ADC = 1.32 mm?/sec).

ADC = apparent diffusion coefficient, DW = diffusion-weighted
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Fig. 4. A51-year-old woman with ductal carcinoma in situ in the left breast.

A. Left magpnification view shows fine pleomorphic calcifications in the left outer breast (arrow).

B. Post-contrast T1-weighted image shows an irregularly enhancing lesion (circle) in the corresponding left
breast.

C, D. This lesion is not visible on the diffusion-weighted images at both b =0 and b = 1200 sec/mm?, which is
a false-negative case on diffusion-weighted image.
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Fig. 5. AT2-year-old woman with mucinous carcinoma in the left breast.

A. An axial post-contrast T1-weighted image shows a small irregular enhancing mass measuring 14 mm.

B, C. Axial DW image at b = 0 sec/mm? shows a high signal intensity lesion, which is not visible on the DW image at b= 1200 sec/mm?.
D. Apparent diffusion coefficient map shows a high signal intensity, which is considered as the T2 shine-through effect.

DW = diffusion-weighted
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Fig. 6. AT1-year-old woman with multifocal invasive ductal carcinoma of the right breast.

A. Axial post-contrast T1-weighted image shows a rim-enhancing mass in the right breast.

B. Adiffusion-weighted image from ss-EPI shows a hyperintense mass in the right outer breast, which is distorted.
C, D. Images from SMS and original rs-EPI show an improved depiction of morphologic detail and intratu-
moral heterogeneity and are similar to post-contrast T1-weighted images.

rs-EPI = readout-segmented echo-planar imaging, SMS = simultaneous multislice, ss-EPI = single-shot echo-
planarimaging

SMS rs-EPI
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Fig. 7. A78-year-old woman with ductal carcinoma in situ in the right breast.

A-D. The lesion (arrows) gradually becomes more distinct progressing from lower to higher b values for DWIs and maximum intensity projec-
tion images on computed DWI series.

DWI = diffusion-weighted image
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