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PURPOSE

We aimed to evaluate the diagnostic accuracy of a combination of dynamic contrast-enhanced
magnetic resonance imaging (DCE-MRI) and apparent diffusion coefficient (ADC) values in le-
sions that manifest with architectural distortion (AD) on mammography.

METHODS

All full-field digital mammography (FFDM) images obtained between August 2010 and January
2013 were reviewed retrospectively, and 57 lesions showing AD were included in the study. Two
independent radiologists reviewed all mammograms and MRI data and recorded lesion charac-
teristics according to the BI-RADS lexicon. The gold standard was histopathologic results from
biopsies or surgical excisions and results of the two-year follow-up. Receiver operating charac-
teristic curve analysis was carried out to define the most effective threshold ADC value to differ-
entiate malignant from benign breast lesions. We investigated the sensitivity and specificity of
FFDM, DCE-MRI, FFDM+DCE-MRI, and DCE-MRI+ADC.

RESULTS

Of the 57 lesions analyzed, 28 were malignant and 29 were benign. The most effective threshold
for the normalized ADC (nADC) was 0.61 with 93.1% sensitivity and 75.0% specificity. The sensi-
tivity and specificity of DCE-MRI combined with nADC was 92.9% and 79.3%, respectively. DCE-
MRI combined with nADC showed the highest specificity and equal sensitivity compared with
other modalities, independent of the presentation of calcification.

CONCLUSION
DCE-MRI combined with nADC values was more reliable than mammography in differentiating
the nature of disease manifesting as primary AD on mammography.

rchitectural distortion (AD) has been described by the American College of Radiol-

ogy in its Breast Imaging Reporting and Data System (BI-RADS) as follows: “the nor-

mal architecture is distorted with no definite mass visible. This includes spiculations
radiating from a point and focal retraction or distortion of the edge of the parenchyma” (1).
AD is the third most common mammographic manifestation of nonpalpable breast cancer
(2). Primary AD, including all causes without a known history of breast intervention, trauma,
or infection, has been found to be associated with breast malignancy in one-half to two-
thirds of the cases in which it was observed (3, 4).

Nonetheless, AD may mimic the normal appearance of overlapping breast tissue,
which can be subtle and particularly difficult to detect by mammography. Recent stud-
ies revealed that AD is the most commonly missed abnormality in false-negative mam-
mography (5). Baker et al. (6) reported that fewer than one-half of cases with AD were
detected by the two most widely available computer-aided detection (CAD) systems.
Also, AD lesions are associated with diagnostic and management difficulties, given that
a board spectrum of benign processes, such as radial sclerosis and sclerosing adenos-
is, manifest as AD. Furthermore, AD does not always exhibit ultrasound features (3, 7),
which increases the difficulty of subsequent biopsy verification. As clinical use of digital
breast tomosynthesis (DBT) increases, the addition of DBT to standard two-view mam-
mography can significantly improve the accuracy and false-positive recall rate compared
with those of mammography alone (8, 9), especially for dense breast and AD lesions
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(10). However, DBT requires radiation and
cannot be used to evaluate the kinetics of
suspicious lesions. Also, a recent publica-
tion indicated that DBT is ineffective for
differentiating malignant from benign le-
sions and accurately evaluating the exten-
sion of lesions (11). Therefore, a modality
that precisely evaluates the nature of AD
is critical and needed.

Dynamic contrast-enhanced magnetic
resonance imaging (DCE-MRI) has proven
to be the most sensitive method for detect-
ing breast cancer (12, 13); however, contro-
versy remains regarding the specificity of
this modality, given that previous publica-
tions reported a wide range of specificities
from 21% to 100% (14-16). One possible
solution to improve this is to use apparent
diffusion coefficient (ADC) values derived
from diffusion-weighted imaging (DWI) to
characterize breast tumors, and promising
results have been reported by studies that
combined ADC values and DCE-MRI in data
analysis (17-22). Nevertheless, few inves-
tigations have specifically evaluated MRI
findings of AD detected by mammaography,
and moreover, the standard MRI scanning
techniques have evolved since publica-
tion of these studies (23, 24). Therefore, we
aimed to evaluate the diagnostic accuracy
of the current standard MRI combined with
DWI in the characterization of lesions that
manifest with AD on mammography.

* Architectural distortion (AD) is the third most
common mammographic  manifestation
of nonpalpable breast cancer. Primary AD,
including all causes without a known history
of breast intervention, trauma, or infection,
has been found to be associated with breast
malignancy in one-half to two-thirds of the
cases in which it was observed.

* Primary AD is subtle and particularly difficult
to detect by mammography. Furthermore,
AD does not always exhibit ultrasound
features, which increases the difficulty of
subsequent biopsy verification.

* We found that normalized ADC (nADC)
(AUC=0.819) is more accurate than absolute
ADC (AUC=0.749) for revealing malignancy,
based on the higher AUC value of the former.

* DCE-MRI combined with nADC values
was more reliable than mammography in
evaluating the nature of disease manifesting
as primary AD in mammography.

Methods

Subjects

A retrospective review of records in the
medical database was performed for 396
consecutive women who underwent full-
field digital mammography (FFDM) and
subsequent breast MRI examinations for
various indications, including preopera-
tive staging, equivocal mammographic
findings, palpable breast mass but equiv-
ocal mammography and sonography, and
nipple discharge, at our hospital between
August 2010 and January 2013. After inves-
tigating all FFDM and MRI data, 57 lesions
showing AD in 56 patients with complete
pathologic results or two-year follow-up
data were included in this analysis. The insti-
tutional ethics review committee approved
this study, and written informed consent
from enrolled patients was waived due to
the retrospective nature of this study.

MRI was always carried out before ob-
taining histopathologic results. All patients
underwent MRI and FFDM within 14 days.
None of the observed breast tissue was sur-
gically altered before MRI examination.

Malignant lesions were confirmed by
histopathology results from biopsies or
surgical excisions, and benign lesions were
confirmed by pathology results or two-year
follow-up observation. BI-RADS categories
1-3 were considered negative, and BI-RADS

categories 4-5 were considered positive for
the analysis.

FFDM examination

Standard craniocaudal (CC) and medio-
lateral oblique (MLO) viewing of the breasts
with full-field digital mammography (FFDM,
Senographe DS GE Healthcare) is routinely
performed at our institution.

MRI technique

MRIwas performed using a 3.0 Tesla scan-
ner (TimTrio, Siemens) with a four-channel
bilateral breast surface coil. Patients were
imaged in prone position. The MRI protocol
is shown in Table 1 according to the acqui-
sition order. ADC maps were created auto-
matically by the MRI system software from
the DWI images. During the DCE-MRI im-
age acquisition, 0.1 mmol/kg bodyweight
of gadopentetate dimeglumine (Gd-DTPA,
Magnevist, Bayer Healthcare) was injected
intravenously at a rate of 3 mL/s by an au-
tomatic injector, followed immediately by a
20 mL saline solution flush.

Image interpretation

All FFDM and MRI data were reviewed
by the same two blinded radiologists who
have six and 12 years experience in breast
imaging. The readers first evaluated FFDM
images without patient identification and
corresponding MRI scans, and then as-
sessed MRl scans without referencing FFDM

Table 1. Parameters of MRI sequences on the axial plane

Precontrast TTW Postcontrast T1TW
Parameter T2W turbo IR 3D FLASH DWI DCE-MRI 3D FLASH
Echo time/repetition time (ms) 61/5000 3.29/7.9 80/8300 2.45/5.3 3.78/8
Inversion time (ms) 230 N/A 220 N/A N/A
b value (s/mm?) N/A N/A 0/800 N/A N/A
Flip angles (degrees) 80 25 N/A 245 12
Number of slices 30 160 24 160 208
Slice gap (mm) 0.8 - 2 - -
Field of view (cm) 34x34 34x34 34x15 34x34 34x34
Matrix size 320%313 384x284  192x192 448x318 448x407
Bandwidth (Hz) 319 380 1446 350 450
GRAPPA factor 2 2 2 N/A 2
Slice thickness (mm) 4 0.9 4 0.9 0.8
Acquisition time 4min12s Tmin17s  2min5s 9min49s 3min43s

T2W, T2-weighted; IR, inversion recovery; T1W, T1-weighted; 3D, three-dimensional; FLASH, fast low angle shot; DWI,
diffusion-weighted image; DCE-MRI, dynamic contrast-enhanced magnetic resonance N/A, not available; GRAPPA,

generalized autocalibrating partial parallel acquisition.
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Table 2. Classification scheme

Lesion characteristics

Lesion type BI-RADS category ~ Shape Margin Internal enhancement Kinetic curve nADC value
No enhancement  BI-RADS 1 - - - - -
Mass
BI-RADS 2 Oval lobulated round Circumscribed Dark internal septations Regardless of Regardless of
kinetic curve nADC value
Oval lobulated round Circumscribed Heterogeneous/homogeneous  Persistent >0.61
BI-RADS 3 Oval lobulated round Circumscribed Heterogeneous/homogeneous  Persistent <061
Oval lobulated round Circumscribed Heterogeneous/homogeneous  Plateau/washout >0.61
BI-RADS 4 Oval lobulated round Circumscribed Heterogeneous/homogeneous  Plateau/washout <061
Irregular Not circumscribed  Rim enhancement/ Persistent/plateau >0.61
heterogeneous/homogeneous
BI-RADS 5 Irregular Not circumscribed  Rim enhancement/ Persistent/plateau <061
heterogeneous/homogeneous
Irregular Not circumscribed  Rim enhancement/ Washout Regardless of
heterogeneous/homogeneous nADC value
NME
BI-RADS 2 Focal - Homogeneous Persistent/plateau Regardless of
nADC value
BI-RADS 3 Focal - Heterogeneous Persistent/plateau Regardless of
nADC value
Focal - Homogeneous Washout Regardless of
nADC value
Regional = Homogeneous Persistent >0.61
BI-RADS 4 Regional = Homogeneous Persistent <061
Segmental/ductal/linear - Regardless of internal Regardless of >0.61
enhancement kinetic curve
BI-RADS 5 Segmental/ductal/ Clumped/clustered ring/ Regardless of <0.61
linear/regional heterogeneous kinetic curve

BI-RADS, breast imaging reporting and data system; nADC, normalized apparent diffusion coefficient; NME, non-mass enhancement.

images. After the evaluation was done, both
radiologists had access to all imaging data,
and controversial findings were discussed
by the two radiologists until consensus was
reached. BI-RADS was used as the reference
standard for AD (1).

The AD lesions detected by FFDM were
categorized as lesions with or without calci-
fication(s). Readers described the breast tis-
sue density, lesion location, shape of calcifi-
cations, and other associated findings (skin
retraction, nipple retraction, and axillary
adenopathy). According to their shapes,
calcifications were classified as coarse het-
erogeneous, amorphous, fine pleomorphic,
fine linear, or punctate. A BI-RADS category
was assigned by the readers.

The MRI findings were reviewed in three
steps. In the first step, readers had access
only to the DCE-MRI data. They were blind-
ed to the current clinical evaluation and

FFDM findings, whereas the data for pa-
tients’ personal history of breast cancer and
prior MRI were available. If an enhanced
lesion was discovered, the location, lesion
type, shape, border, distribution, kinetics,
and internal architecture were carefully re-
corded according to the BI-RADS lexicon.
Based on the above findings, the final MRI
assessment was performed according to
BI-RADS for MRI. The classification scheme
is summarized in Table 2. The second step
included analysis of FFDM images, and this
information was subsequently correlated
with DCE-MRI results to obtain a new gen-
eral BI-RADS classification (BI-RADS DCE-
MRI+FFDM) using a five-point scale (1, neg-
ative; 2, benign finding; 3, probable benign
finding; 4, suspicious abnormality; 5, highly
suggestive of malignancy) according to the
following principle: if FFDM revealed fine
pleomorphic or fine linear calcifications, the

case was classified as BI-RADS 5, regardless
of the manifestation on DCE-MRI; the other
AD lesions were classified into different BI-
RADS categories based on DCE-MRI man-
ifestation. Finally, DWI findings and ADC
maps were evaluated. The mean absolute
ADC for the suspicious lesion of interest
(ADC, ) and the glandular tissue (ADC )
were calculated. The normalized ADC
(nADC) was then calculated using the fol-
lowing formula: nADC=ADC,_/ADC . DCE-
MRI combined with nADC values was also
used to obtain a new BI-RADS classification
(BI-RADS DCE-MRI+ADC) using the same
five-point scale indicated for the second
step.

For each lesion detected on DCE-MRI, a
region of interest (ROI) was defined at the
corresponding location on the ADC imag-
es. The ROI was drawn freehand to include
the area of hypointensity to encompass as
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much of the abnormality as possible. ROIs
for evaluation of normal fibroglandular tis-
sue were placed on the contralateral breast
atareas where no suspicious lesions were re-
ported. During the ROI placement, care was
taken to avoid regions with high T2 signal
within a lesion, such as a cyst, hematoma,
or necrosis, by verifying the ROI against the
T2-weighted image. In case a lesion was not
hyperintense on DWI, the ROl was drawn at
the corresponding location on a DCE-MRI
image presenting a suspicious lesion.

Statistical analysis

Receiver operating characteristic (ROC)
curve analysis was carried out to determine
the threshold ADC value to differentiate
malignant from benign breast lesions. We
determined the best cutoff value using
Youden statistics, Y=sensitivity-(1-specific-
ity), which allows a balance between high
sensitivity and specificity. The sensitivity,
specificity, positive predictive value (PPV),
and negative predictive value (NPV) of
FFDM, DCE-MRI, FFDM+DCE-MRI, and DCE-
MRI+ADC were calculated based on a gold
standard of pathologic or follow-up results.
We calculated 95% confidence intervals
(CIs) from the normally approximated bi-
nomial distribution. We compared the ADC
values and nADC values of two groups us-
ing the Mann-Whitney U test and analyzed
categorical data using Fisher exact test and
Fisher-Freeman-Halton test. P < 0.05 was
considered statistically significant. All sta-
tistical analyses were performed using SPSS
17.0 (SPSS Inc.) and MedCalc 10.5.4 (Med-
Calc Software).

We analyzed false-positive and false-neg-
ative cases to clarify the limitations of using
MRI for differential diagnosis.

Results

A total of 57 lesions from 56 patients (age
range, 27-78 years; median age, 48 years)
were analyzed. Forty-five lesions were ver-
ified by surgical pathology findings and/or
percutaneous biopsy, and the remaining 12
benign lesions were verified by follow-up
for =2 years, during which no malignancy
was observed at the location of primary
suspicion.

Histologic diagnoses included 28 malig-
nant (17 invasive ductal carcinomas, seven
ductal carcinoma in situ, one invasive lob-
ular carcinoma, two mucinous carcinoma,

Table 3. Sensitivity and specificity of different modalities and ADC values in AD with or without

calcifications

AD with AD without

Modalities calcification P calcification P

SE (%) FFDM 87.5 1.000 66.6 0.0932
DCE-MRI+ADC 87.5 100
DCE-MRI 87.5 91.7
FFDM+DCE-MRI 87.5 100

SP (%) FFDM 17.6 0.008 0 0.003
DCE-MRI+ADC 70.6 91.7
DCE-MRI 471 333
FFDM+DCE-MRI 47.1 333

ADC, , (x1 03 mm?/s) Benign 1.29 0.011 1.44 0.026
Malignant 1.14 1.01

nADC Benign 0.805 0.002 0.878 0.002
Malignant 0.622 0.549

ADC, apparent diffusion coefficient; AD, architectural distortion; SE, sensitivity; FFDM, full-field digital mam-

mography; DCE-MRI, dynamic contrast-enhanced magnetic resonance imaging; SP, specificity; ADC,

ADC; nADC, normalized ADC.

absolute

int’

one apocrine carcinoma) and 17 benign le-
sions (one plasma cell mastitis, three fibro-
cystic diseases, one fibroadenomas, four in-
traductual papillomas, three atypical ductal
epithelial hyperplasia, and five sclerosing
adenosis).

The ADC,  values of malignant and be-
nign lesions were 1.08x10° mm?*/s and
1.35%10° mm?/s, respectively (P = 0.001).
The nADC values of malignant and benign
lesions were 0.588 and 0.832, respective-
ly (P < 0.001). The ADC, , values and nADC
values of AD with and without calcifica-
tion are shown in Table 3. The ADC,_ val-
ues and nADC values of malignant lesions
were lower than those of the benign le-
sions, and the differences were statistical-
ly significant independent of the presence
of calcification (P = 0.011 and P = 0.002
with calcification, respectively, and P =
0.026 and P = 0.002 without calcification,
respectively).

The ROC curves of the ADC values are
shown in Fig. 1. When the threshold of ADC_,
was setat 1.19x10°mm?/s, the sensitivity and
specificity were 72.4% and 85.7%, respective-
ly. For a nADC value threshold of 0.61, the
sensitivity and specificity were 93.1% and
75.0%, respectively. The area under the curve
(AUC) for nADC was higher than that for AD-
C,, (0.819vs. 0.749, respectively, P=0.011).

An example of the typical presentation
of AD on mammography and DCE-MRI and
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the corresponding pathologic findings are
shown in Fig. 2. Table 4 reveals the associa-
tion between the individual modalities and
their histopathology/follow-up results, and
shows the corresponding sensitivity, speci-
ficity, PPV, and NPV values of each modality.
The sensitivity of DCE-MRI was higher than
that of FFDM (89.3% vs. 78.6%), but this
difference was not significant (P = 0.510).
The specificity of DCE-MRI alone was signifi-
cantly higher than that of FFDM (P = 0.039).
DCE-MRI+ADC provided even higher spec-
ificity compared with DCE-MRI (79.3% vs.
41.4%, respectively; P = 0.010), without a
significant decrease in the sensitivity. The
sensitivity of FFDM+DCE-MRI was higher
than that of DCE-MRI, but the difference was
not significant (92.9% vs. 89.3%, P = 1.000).
The specificities of the two methods were
equal (41.4%). No statistically significant
difference was observed between the per-
formances of DCE-MRI and FFDM+DCE-MRI.

Table 3 shows the diagnostic sensitivities
and specificities for AD with and without
calcification. There was a statistically signif-
icant difference between the specificity of
FFDM and that of DCE-MRI+ADC (P = 0.003)
in detecting underlying disease showing
AD without calcification, and the same
difference was revealed between DCE-MRI
and DCE-MRI+ADC (P = 0.023). Similarly,
a significant difference was observed be-
tween the specificity of FFDM and that of
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Table 4. The diagnostic results of the four modalities and the association between BI-RADS categories and final results

Modality BI-RADS Benign Malignant
categories lesions® lesions® SE (95% Cl) SP (95% Cl) PPV (95% Cl) NPV (95% CI)

FFDM 3¢ 3 6 78.6 (59.0-91.7) 10.3 (2.3-27.4) 45.8 (31.4-60.8) 33.3(7.9-70.0)
4-5 26 22

DCE-MRI =3 12 3 89.3(71.8-97.6) 414(23.5-61.1) 59.5(43.3-744) 80.0(51.9-95.4)
4-5 17 25

FFDM+DCE-MRI 1-3 12 2 92.9 (76.5-98.9) 414 (23.5-61.1) 60.5 (44.4-75.0) 85.7 (57.2-97.8)
4-5 17 26

DCE-MRI+ADC 1-3 23 2 92.9 (76.5-98.9) 79.3 (60.3-92.0) 81.3(63.6-92.8) 92.0 (73.9-98.8)
4-5 6 26

Total 29 28 - - -

*Histology/follow-up results; *Histology; “No finding in BI-RADS categories 1 and 2.
BI-RADS, breast imaging reporting and data systems; SE, sensitivity; SP, specificity; PPV, positive predictive value; NPV, negative predictive value; 95% Cl, 95% confidence interval;
FFDM, full-field digital mammography; DCE-MRI, dynamic contrast-enhanced magnetic resonance imaging; ADC, apparent diffusion coefficient.
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Figure 1. The comparison of ROC curves between absolute (ADC, ) and normalized (nADC) apparent
diffusion coefficients. Area under the curve of nADC is significantly higher than that of ADC,_ (P=0.011).

DCE-MRI+ADC in identifying lesions show-
ing AD with calcification (P = 0.008). The di-
agnostic sensitivity of FFDM did not differ
significantly for AD with and without calci-
fication (P = 0.354). The six false-negative

cases included eight lesions without calcifi-
cation and one lesion with calcification.
Among 11 benign AD lesions with cal-
cification, there were two coarse hetero-
geneous, two amorphous, one fine pleo-

morphic, and six punctate calcifications; in
22 malignant AD lesions with calcification,
three coarse heterogeneous, two amor-
phous, nine fine pleomorphic, seven fine
linear, and one punctate calcification were
observed. Punctate calcification was more
commonly seen in benign lesions (P =
0.003). As shown in Table 5, AD mainly man-
ifests as mass (22/57, 38.6%) and non-mass
enhancement (NME, 26/57, 45.6%), which
contributes to the majority of lesion types
on MRI (P = 0.01). However, no difference
was found in the proportion of malignan-
cy between mass-like and NME lesions (P =
0.600). In 22 mass lesions, malignancy was
more likely to present an irregular shape
(P = 0.030) and uncircumscribed margin
(P =0.010). Of 26 NME lesions, 13 showed
segmental distribution and five presented
with clustered ring internal enhancement;
however, no statistical difference was ob-
served between benign and malignant le-
sions (P=0.120 and P=0.190, respectively).
There were no statistical differences when
considering MRI background parenchymal
enhancement, mass and NME internal en-
hancement, and NME distribution in verify-
ing malignancy. A significantly higher per-
centage of malignant lesions was detected
in cases showing high T2 signal intensity
(P = 0.024) and kinetic curves classified as
“washout” (P=0.001).

The six false-positive cases identified
upon applying the DCE-MRI+ADC val-
ue consisted of one case of plasma cell
mastitis (showing NME with regional
distribution, clustered ring internal en-
hancement, washout kinetic curve, ADC,
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Table 5. FFDM and DCE-MRI characteristics of 57 lesions in the study

Diagnostic data Benign (n=29) Malignant (n=28) P
Premenopausal women 16 13 0.510
Postmenopausal women 13 15
AD with calcification 1 22 0.002
AD without calcification 18 6
FFDM breast density
1 0 0.410
2 4 2
3 17 21
4 8 5
MRI background parenchymal enhancement
Mild 4 2 0.570
Minimal 13 1
Moderate 7 6
Marked 5 9
MRI lesion type
Focus 4 0 0.007
Mass 14
NME 12 14
No enhancement 5 0
Mass shape?
Oval lobulated round 3 0 0.030
Irregular 5 14
Mass margin®
Circumscribed 0.010
Not circumscribed 14
Mass internal enhancement?
Homogeneous 2 0 0.110
Heterogeneous 4 1
Rim enhancement 1 3
Dark internal septations 1 0
NME distribution®
Focal 2 0 0.190
Linear/ ductal 1 3
Segmental 4 9
Regional 2 1
Multiple regions 3 1
NME internal enhancement®
Homogeneous 0 4 0.061
Heterogeneous 8 5
Clumped 3 1
Clustered ring 1 4
High T2 signal intensity 8 16 0.024
Kinetic curve
Persistent 7 1 0.008
Plateau 9 7
Washout 8 20

n=22, MRI lesion type was mass. "n=26, MRI lesion type was non-mass enhancement.

FFDM, full-field digital mammography; DCE-MRI, dynamic contrast-enhanced magnetic resonance imaging; AD, archi-

tectural distortion; MRI, magnetic resonance imaging; NME, non-mass enhancement.
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<1.19%x10% mm?/s, nADC <0.61, and max-
imum dimension of 5.2 c¢cm), three cases
of sclerosing adenosis (all showing NME,
regional/segmental/focal distribution and
heterogeneous internal enhancement,
ADC,  <1.19x10°mm?*/s, nADC <0.61, and
maximum dimensions of 4.1 cm, 3.2 cm,
and 1.7 cm, respectively), and one case
of intraductual papilloma (showing NME
with segmental distribution, clustered ring
internal enhancement, washout kinet-
ic curve, ADC,  <1.19x10° mm?/s, nADC
<0.61, and maximum dimension of 3.8
cm), while the two false-negative cases
included one case of ductal carcinoma in
situ (stippled distribution, not revealed in
DWI, and maximum dimension 1.1 cm),
and one case of mucinous carcinoma (lob-
ulated shape, circumscribed margin, het-
erogeneous internal enhancement with
high T2-weighted image signal, ADC
>0.19%103 mm?/s, nADC >0.61, and maxi-
mum dimension of lesion 1.3 cm).

Discussion

In this study, the specificity of DCE-MRI
for revealing malignancy related to AD was
significantly higher than that of FFDM. In
addition, the combination of ADC values
improved the specificity of DCE-MRI, inde-
pendent of the presence of calcification in
the lesion.

We found the specificity of FFDM for AD
lesions as 10.3%, which is lower than the
specificity of 39.7% for breast cancer re-
ported by a previous study (25). Lesions
showing AD are challenging to diagnose
and remain a common cause of false-neg-
ative mammography, because of subtle-
ty and variability in presentation. The six
false-negative cases included eight lesions
without calcification and one lesion with
calcification. The specificity of DCE-MRI
for detecting breast cancer is controver-
sial, ranging from 21% to 100%. A previ-
ous study by Cilotti et al. (26) showed no
statistically significant difference between
the specificities of mammography and MRI
for the diagnosis of calcified lesions. In our
study, the specificity of DCE-MRI alone was
higher than that of FFDM alone. Current
researches evaluating the potential of DWI
for improving breast imaging are prom-
ising. Recent single-center studies have
shown that ADC measures are comple-
mentary to DCE-MRI parameters for differ-
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Figure 2. a-i. A 52-year-old female patient presented typical architectural distortion. Mammography craniocaudal (a) and mediolateral oblique views (b)
of the right breast show architectural distortion (arrows) in inner upper quadrant. Axial T2-weighted turbo inversion recovery image (c) shows an irregular
nodule (arrow) with low signal. Diffusion-weighted image (d) shows slightly high signal (arrow). Apparent diffusion coefficient map (e) shows low signal
(arrow); the ADC, and nADC values are 1.02x10° mm?/s and 0.59, respectively. Axial dynamic contrast-enhanced and subtracted T1-weighted image

(f) shows irregular nodule with early significant enhancement (arrow). Sagittal postcontrast axial T1-weighted image (g) shows an irregular spiculated
nodule (arrow). Enhancement kinetic curve (h) shows a washout pattern. Pathologic results (i) show ductal carcinoma in situ.

entiation of benign and malignant breast
lesions and may increase the accuracy of
conventional breast MRI assessment (17,
19). Ei Khouli et al. (17) showed that ADC
values significantly improved the ability of
DCE-MRI to discriminate between benign
and malignant lesions. Yabuuchi et al. (21,
22) concluded that the application of DWI
together with DCE-MRI contributes to an
improved diagnostic accuracy of breast

MRI. We found that DCE-MRI combined
with ADC values provides a higher speci-
ficity than DCE-MRI in AD lesions detected
by FFDM, independent of whether calci-
fication is present or absent in the lesion.
Thus, with the combination of DCE-MRI
and ADC, it might be possible to avoid
both unnecessary surgical procedures for
benign lesions and missing malignancies
presenting as AD. Nevertheless, these pos-

sible advantages should be further investi-
gated in a future study with a larger popu-
lation and longer follow-up.

Our results also showed the preferable
sensitivity of DCE-MRI (89.3%) and DCE-
MRl combined with ADC (92.9%) com-
pared with that of FFDM (78.6%). However,
no statistically significant differences were
observed among the sensitivities of the
three modalities. The diagnostic sensitivity
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of FFDM for AD with calcification appeared
to be higher than that for AD without
calcification, but the difference was not
statistically significant. This could be due
to the relatively small sample size. In ad-
dition, FFDM is more sensitive for lesions
with calcification. In our study, more than
50% of the cases presented with calcifica-
tion(s) (33/57), and this may also explain
our results. Another interesting finding in
this study was that the calcification shape
showed no difference between benign
and malignant lesions except for punctu-
ate calcification, which is not consistent
with the findings of a previous study by
Uematsu et al. (27). The latter one showed
that 25% of amorphous microcalcifica-
tions, 64% of pleomorphic microcalcifica-
tions, and 92% of linear microcalcifications
were malignant. However, it only evaluat-
ed screening mammography in detecting
pure microcalcification lesions.

We found that nADC (AUC=0.819) is more
accurate than ADC_ (AUC=0.749) for re-
vealing malignancy, based on the higher
AUC value of the former. This result is also
consistent with those of previous studies.
El Khouli et al. (17) also found that normal-
ized ADCs showed better diagnostic value
than absolute ADCs for distinguishing be-
nign lesions from malignant tumors. Prior
studies have investigated the role of DWI
in breast MRI, and promising results re-
vealed that ADC values have a potential in
the differentiation of benign and malignant
lesions, providing an absolute ADC thresh-
old value ranging from 1.1x10° mm?/s to
1.6x10° mm?/s (28-32). Our study revealed
an absolute ADC threshold value within this
range. However, some overlap remained in
the ADCs between benign and malignant
lesions, and the degree of overlap was sub-
stantially reduced by normalizing the ADC
values to those of remote glandular tissue.
We observed improvement in the diagnos-
tic model when normalized ADCs were add-
ed to conventional MRI data. These results
suggest a potential role for nADC values
in improving the diagnostic performance
of breast MRI for AD lesions detected by
FFDM.

In our study, AD detected by FFDM main-
ly manifested as mass (22/57, 38.6%) and
NME (26/57, 45.6%) in DCE-MRI, and no sig-
nificant differences were observed between
benign and malignant lesions. The propor-
tion of malignancy was noticeably higher

within masses with an irregular shape and
those without a circumscribed margin. The
irregular shape and uncircumscribed mar-
gins of mass lesions on MRI could be missed
in FFDM due to tissue overlap and the sim-
ple appearance of AD showing spiculations
radiating from a point or focal retraction.
However, with the help of MRI, the risk of
missed diagnosis can be lowered.
Although DCE-MRI+ADC presented re-
markably high sensitivity, there were still
false-positive cases in this study. Howev-
er, all of these cases manifested with NME
and an ADC,  less than the threshold val-
ue. Typical causes of NME include masto-
pathic changes, fibrocystic changes due
to hormonal stimulation, inflammatory
changes in benign lesions or ductal carci-
noma in situ (DCIS), invasive lobular carci-
noma, and some cases of estrogen recep-
tor-negative invasive ductal carcinoma. A
previous study reported that NME was the
major cause of false-positive breast find-
ings (33). A previous study by Partridge
et al. (32) reported that for the same b
value, the diagnostic performance of ADC
was lower in NME lesions compared with
masses larger than 1 cm (34). Another
study carried out by the same researchers
also suggested that ADC measurements
may be more valuable for distinction of
masses than for differentiating lesions
with NME (35). We also found that there
was no statistical difference when con-
sidering NME internal enhancement and
NME distribution in verifying malignancy.
This finding is not consistent with that of
a previous study by Tozaki et al. (36) who
found that segmental distribution, hetero-
geneous internal enhancement, and clus-
tered ring enhancement were the most
frequent findings in malignant NME. Some
specific tumor subtypes, such as papillary
carcinoma, are associated with the lowest
ADC values among malignant breast tu-
mors (37). On the other hand, their ADC
values are very similar to those observed
for benign papillomas (38), indicating the
histologic similarity between benign and
malignant papillary lesions. A diagnostic
challenge is also encountered with percu-
taneous core biopsy and dynamic breast
MRL. In addition, sclerosing adenosis can
be difficult to distinguish from infiltrating
carcinoma. No specific MRI findings have
been described for this diagnosis. Usually,
ultrasonography does not reveal a focal
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abnormality, although in minority of cas-
es, a circumscribed mass may be seen with
the nodular variant of this condition.

The false-negative cases included one
case of DCIS and one case of mucinous
carcinoma. In our work, the DCIS case
showed focal enhancement and DWI was
negative. It is difficult to apply morpholog-
ic descriptors in small focal enhancement,
and some tiny foci in DCE-MRI could be
artifacts. Accordingly, BI-RADS descriptors
are currently not applied to assess mor-
phologic and dynamic profiles of foci (39).
In addition, previous studies reported that
the ability of DWI to detect lesions smaller
than 1 cm is limited due the limited abil-
ity of ADC maps to depict smaller lesions
(27, 38). A later study was able to evalu-
ate all lesions detected with contrast-en-
hanced MRI, including lesions with a di-
ameter less than 1 cm, which accounted
for less than 50% of lesions studied by
Partridge et al. (32). In clinical practice, AD
in the setting of DCIS is thought to be at-
tributable to a mixture of sclerosing ade-
nosis, sclerosis in the interstitium around
the DCIS, and DCIS involving Cooper’s
ligaments. Prior publications have shown
that DCIS with an area of AD occurs in
about 7%-13% of the cases (40, 41). In
our study, the case of DCIS showed focal
enhancement and DWI was negative, even
though focal enhancement is usually the
least common finding, being seen in only
1%-12% of cases (42, 43). The reported
sensitivity of MRI for the detection of DCIS
is lower than that for the detection of inva-
sive breast cancers. The case of mucinous
carcinoma displayed the highest ADC val-
ues, a high signal in T2-weighted imaging,
a circumscribed margin, and a persistent
enhanced pattern on the kinetic curve in
this study. Also, the size of the tumor was
small (<1 cm). All the above characteristics
led to a misdiagnosis of fibroadenoma.

Some other limitations in our study still
require further investigation. First, this
was a retrospective study including only a
small number of patients. Second, we did
not compare the diagnostic performance
of ultrasonography, given that more than
one-third of the patients’ ultrasonography
results were performed at an outside hos-
pital and could not be obtained. In addi-
tion, we have no pathologic confirmation
in 12 of 29 benign cases. Nonetheless,
these cases showed no evidence of ma-
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lignancy in physical examination, mam-
mography, MRI, or sonography during the
two-year follow-up, which suggests the
benign nature of the lesions. Finally, this
work presents potential selection bias, giv-
en that we included more cases with calci-
fication than ones without calcification. A
prospective study enrolling a larger cohort
should be conducted to verify the results
presented in this work.

In conclusion, the combination of DCE-
MRI and ADC values is valuable for improv-
ing the specificity for disease manifesting
as primary AD detected by mammogra-
phy. Breast MRI can be a useful tool when
an equivocal finding of AD is presented on
conventional mammography.
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