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Can DWI-MRI be an alternative to DCE-MRI
in the diagnosis of troublesome breast
lesions?
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Abstract

Background: Dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) has always been a problem
solver in troublesome breast lesions. Despite its many advantages, the encountered low specificity results in
unnecessary biopsies. Diffusion-weighted MRI (DW-MRI) is a well-established technique that helps in characterizing
breast lesions according to their water diffusivity. So this work aimed to assess the diagnostic performance of DW-
MRI in troublesome breast lesions and see if it can replace DCE-MRI study.

Results: In our prospective study, we included 86 patients with mammography and/or ultrasound-detected 90
probably benign or probably malignant (BIRADS 3 or 4) breast lesions. Among the studied cases, 49/90 lesions were
benign, and 41/90 were malignant. Combined analysis of morphological and kinetic findings in DCE-MRI had
achieved the highest sensitivity of 95.1%. DW-MRI alone was less sensitive (73.2%) yet more specific (83.7%) than
DCE-MRI (77.6%). Diagnostic accuracy of DCE-MRI was higher (85.6%) as compared to DW-MRI which was (78.9%).

Conclusion: DCE-MRI is the cornerstone in the workup of troublesome breast lesions. DW-MRI should not be used
as supplementary tool unless contrast administration is contraindicated. Combining both DCE-MRI and DW-MRI is
the ultimate technique for better lesion evaluation.

Keywords: Dynamic contrast-enhanced MRI, Diffusion-weighted MRI, Mammography, Ultrasound, MRI, Worrisome
breast lesions

Background
Breast cancer has been recently known as a heteroge-
neous group of diseases in regard to the biological
makeup that is reflected on their treatment and clinical
outcome [1]. Therefore, it has become clear that the
traditional reliance on morphology alone does not suf-
fice in the adequate classification of a disease that shows
significant inter- and intratumoral differences [2].
Non-invasive functional magnetic resonance imaging

(MRI) is used to obtain information about the micro-
structure as well as the biologic environment of a tumor.

The concept of angiogenesis in the detection of tumor
enhancement has long been employed in distinguishing
malignant from benign tumors [3]. Dynamic contrast-
enhanced MRI (DCE-MRI) is a dynamic investigation
that allows tracking of enhancement in different types of
tissues where malignant cells will usually show rapid up-
take and washout while normal glandular tissue will
demonstrate slow progressive kinetics [4].
However, despite its many advantages including high

image quality and high sensitivity which surpasses that of
mammography and ultrasound [5], it has been shown that
a major disadvantage of MRI is its low specificity [6].
In the hope of adding further functional information

about tumor cells that will aid in better differentiation
between benign and malignant tumors, more techniques

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

* Correspondence: lamia.bassam22@gmail.com
1Department of Diagnostic and Interventional Radiology, Faculty of
Medicine, Cairo University, Kasr Elainy Street Fom Elkalig, Cairo, Egypt
Full list of author information is available at the end of the article

Egyptian Journal of Radiology
and Nuclear Medicine

Hashem et al. Egyptian Journal of Radiology and Nuclear Medicine          (2021) 52:138 
https://doi.org/10.1186/s43055-021-00514-0

http://crossmark.crossref.org/dialog/?doi=10.1186/s43055-021-00514-0&domain=pdf
http://orcid.org/0000-0003-0558-1740
http://creativecommons.org/licenses/by/4.0/
mailto:lamia.bassam22@gmail.com


have been developed including diffusion-weighted im-
aging (DWI) and its derived measurement, including ap-
parent diffusion coefficient (ADC), which has been
under a lot of study [7].
Diffusion-weighted MRI (DW-MRI) is sensitive to

characteristics often disrupted in malignant breast tis-
sues, such as cell organization, density, extracellular
space, and cell membrane permeability, which may help
to better discriminate between different types of breast
lesions [8].
There are currently two approaches to the utilization

of breast MRI, and both aim for different objectives: one
is the employment of various techniques to gain as
much biological information about the tumor as pos-
sible, and the other aims at decreasing the complexity in
both attaining and interpreting the images taking care
not to compromise on the importance of functional im-
aging. Research has been undergoing between the
former, the parametric MRI, and the latter, the abbrevi-
ated MRI [9].
So this work aimed to assess the diagnostic perform-

ance of DW-MRI in troublesome breast lesions and see
if it can replace DCE-MRI study.

Methods
This study was a prospective analysis, approved by the
ethics committee at our institute during the period from
January 2018 to July 2020.

Patient population
This study included 86 patients with 90 probably benign
or probably malignant (BIRADS 3 and 4) breast lesions
detected on the initial mammography and/or breast
ultrasound (US). They were referred from the multidis-
ciplinary team for further lesion characterization by
DCE-MRI and DW-MRI. The diagnostic indication for
MRI in this study was better lesion characterization thus
decreasing unnecessary biopsies and increasing cancer
detection rate.
Those patients presented with either breast lump/s

(n=45/86, 52.3%), inflammatory manifestations (red hot
tender swollen breast) (n=6/86, 7%), or screening and
post-mastectomy follow-up (n=35/86, 40.7%).
Patients included in our study were those with at least

one of the following: (1) high-risk patients, (2) patients
above the age of 40 with newly developed lesion, (3) pa-
tients with rapidly growing lesions, or (4) equivocal
sonomammographic findings.
We excluded patients who have a contraindication to

MRI (cardiac pacemaker, aneurismal clips, bone growth
stimulators) and/or intravenous contrast (renal impair-
ment, allergic patients, or those known to have a history
of anaphylactic reaction from contrast media).

Magnetic resonance imaging acquisition
All patients were subjected to DCE-MRI and DW-MRI
examination using Philips Achieva 1.5 T machine. They
were imaged in prone position using a dedicated double
breast coil.

DCE-MRI
Dynamic post-contrast acquisition was performed using
six series of 3D THRIVE (T1 High Resolution Isotropic
Volume Examination sequence) acquisition—1 before
and 5 after power injection of 0.1 mmol/kg body weight
of contrast (Gd-DTPA) with the parameters (TR/TE 2.8/
9 ms) and slice thickness = 1.5 mm. Kinetic curves were
done by placing a region of interest (ROI) at the area of
maximum enhancement to measure the amount of con-
trast uptake, and dynamic curve patterns were prepared.

DW-MRI protocol
DW-MRI was done using single-shot echo-planar im-
aging, fat suppression, with repetition time/echo time of
5000 ms /77ms, 5-mm section thickness, 30× 30 cm field
of view, 256× 256 matrix, 3-mm section gap, and 7:14 s
acquisition time. b values were obtained at 0, 500, and
850 s/mm2. A ROI was drawn on the ADC map to cal-
culate the ADC value (in case there was no signal
change seen on ADC map, the ROI was placed over the
area of concern on diffusion). Mean ADC for each lesion
was calculated by averaging the ADC values from all the
voxels enclosed by the ROI.

Image analysis
Image analysis and interpretation were done by two
breast imaging consultants with 10 years or more of field
experience who were blind to each other’s analysis,
sonomammorgaphy findings, and final pathologic diag-
nosis. In case of disagreement, re-evaluation was done,
and agreement was achieved in consensus.

DCE-MRI
We started assessing the images by looking for the pres-
ence or absence of any mass or non-mass enhancement.
Then, the margins (in case of mass) or distribution (in
case of non-mass), the intensity of enhancement, and in-
ternal enhancement pattern were noted. Classification of
each lesion to benign or suspicious was then done based
on the morphology and enhancement pattern.
Assessment of the kinetic curve was done; as when no

enhancement or rising curve was noted, we considered
the lesion benign while when there was a plateau or
wash out curve the lesion was considered suspicious.
Finally, we determined the MRI BIRADS classification

of each lesion based on the combination of both mor-
phologic and kinetic criteria in reference to MRI BIR-
ADS atlas 2013 [10].
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DW-MRI
Qualitative (i.e., the signal pattern on high b value in
DWI and ADC map) and quantitative (i.e., ADC value
on the ADC map) assessment of diffusion-weighted MRI
were done. In this study, the ADC cutoff value that was
used to differentiate benign from malignant breast le-
sions was 1.3 × 10−3mm2/s as recommended by the
European Society of Breast Imaging (EUSOBI) [11]. Le-
sions were considered restricted if they showed high sig-
nal intensity on high b value images with ADC value
equal to or below 1.3 × 10−3mm2/s.
Each lesion was given a final classification of either be-

nign or suspicious based on the worst or highest finding
on DCE-MRI (morphology, kinetic curve, and com-
bined) and DW-MRI individually. This classification was
then compared to the pathology results (used as the gold
standard) in 70 out of the 90 lesions (77.8%), and to
ultrasound and routine follow-up in the remaining 20
typically benign lesions (22.2%) (adenosis, hamartoma,
complicated cyst, and fibroadenomas). Histopathological
analysis of the breast lesions was obtained either by core
biopsy or surgery.
Correlation of ADC values with final pathology was

assessed with the aim of getting a new cutoff value that
may improve the sensitivity and specificity of DW-MRI.
Then re-evaluation of the diagnostic indices of DW-MRI
was done and recorded based on the new cutoff value
proposed by our study.

Statistical analysis
Data were coded and entered using the statistical pack-
age SPSS (Statistical Package for the Social Sciences)
version 26 (IBM Corp., Armonk, NY, USA). Data was
summarized using mean, standard deviation, median,
minimum, and maximum in quantitative data and using
frequency (count) and relative frequency (percentage)
for categorical data. Comparisons between quantitative
variables were done using the non-parametric Mann-
Whitney test [12]. For comparing categorical data, Chi-
squared (χ2) test was performed. Exact test was used in-
stead when the expected frequency is less than 5 [13].
Standard diagnostic indices including sensitivity, specifi-
city, positive predictive value (PPV), negative predictive
value (NPV), and diagnostic efficacy were calculated as
described by Galen [14]. ROC curve was constructed
with area under curve analysis performed to detect best
cutoff value of ADC for detection of malignancy. P value
less than 0.05 was considered as statistically significant.

Results
The present prospective study included 86 patients with
90 detected probably benign or probably malignant
(BIRADS 3 or 4) breast lesions on sonomammography
or sonography only (according to the age) and

underwent dynamic MRI with DWIs. Their age ranged
between 25 and 70 years (mean age 42± 12.9). In rela-
tion to the final pathology, the age of patients with be-
nign lesions was younger than that of those with
malignant lesions, with mean age 39.57 ± 9.55 for benign
and 48.56 ± 9.96 for malignant lesions (statistically sig-
nificant p< 0.001).
Among our study population, 82/86 (95.3 %) had sin-

gle lesions and 4/86 (4.7 %) had 2 lesions in the same or
contralateral breast (multiple fibroadenomas and mul-
tiple invasive duct carcinoma (IDC)).
Among the studied cases and according to the histo-

pathological results (n=70/90) or ultrasound findings
and routine follow-up (n=20/90), 49/90 lesions were
found to be benign while 41/90 lesions were found to be
malignant. The different pathologies encountered in our
study are illustrated in Table 1.

Mammographic and ultrasound findings
All patients (n=86/86) had previously reported either
sonomammography (n=77/86, findings of both modal-
ities were combined with the classification of each lesion
according to the highest BI-RADS assignment) or sonog-
raphy alone (n=9/86, young patients).
Out of all cases, 38/86 (44.2%) had non-dense breasts

(ACR A and B on mammography and/or non-prominent
parenchyma on US) while 48/56 (55.8%) had dense

Table 1 Final diagnosis of the studied cases (proven by
histopathology or ultrasound findings with routine follow-up for
normal and typically benign findings)

Final diagnosis Count %

Adenosis 3/90 3.3%

Hamartoma 1/90 1.1%

Fibrocystic changes 1/90 1.1%

Fat necrosis 1/90 1.1%

Hematoma 1/90 1.1%

Complicated cyst 1/90 1.1%

Fibroadenoma 31/90 34.4%

Intraductal papilloma 6/90 6.7%

Mastitis 1/90 1.1%

Abscess 1/90 1.1%

Granulomatous mastitis 1/90 1.1%

Sclerosing adenosis 1/90 1.1%

Atypical ductal hyperplasia 1/90 1.1%

DCIS 2/90 2.2%

IDC 29/90 32.2%

ILC 4/90 4.4%

ITC 2/90 2.2%

Mucinous adenocarcinoma 1/90 1.1%

Intraductal papillary neoplasm 2/90 2.2%
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breasts (ACR C and D on mammography and/or prom-
inent parenchyma on US).
In our study, we had 50/90 lesions (55.6%) BIRADS 3

and 40/90 (44.4 %) BIRADS 4; their relation to the final
pathology is illustrated in Table 2.
All the false-negative lesions (11 cases) presented with

dense breasts (either ACR C or D). The false-positive le-
sions included fat necrosis, granulomatous mastitis, and
fibroadenomas with atypical features.

Contrast-enhanced MRI (CE-MRI) findings
Two out of the 90 lesions did not show enhancement:
one fibroadenoma and one ductal carcinoma in situ
(DCIS) but the remaining 88 lesions showed correspond-
ing enhancement. The 90 lesions were given a classifica-
tion of benign or suspicious based on combination of
both morphologic criteria, and enhancement pattern and
correlation with final pathology was done.
Five (false positive) cases were seen as suspicious non-

mass enhancement yet the pathology yielded 2 adenosis,
1 fat necrosis, 1 atypical ductal hyperplasia, and 1 scler-
osing adenosis (fibrocystic changes spectrum).
Three (false negative) cases were diagnosed as normal

or benign; however, the pathology yielded malignancy: 1
DCIS (indeterminate calcifications on mammography
with no lesions or enhancement on MRI), 1 mucinous
neoplasm (well defined with homogeneous enhance-
ment), and 1 intrapapillary neoplasm (well defined and
homogeneous enhancement).

Kinetic curve findings
The kinetic curve analysis (dynamic behavior) of the de-
tected breast lesions was done. A statistically significant
correlation (p-value < 0.001) was found between the ma-
lignant curves (plateau and wash out types) and patho-
logically proven malignant lesions, and between the
benign curves (rising curve) or no enhancement and be-
nign lesions.
We had 4 false-negative lesions; 3 lesions showed ris-

ing curve (1 DCIS and 2 IDC), and 1 lesion showed no
enhancement (DCIS).
Out of the false-positive cases, we had 2 lesions with

wash out curves, and the pathology yielded benign na-
ture (granulomatous mastitis and papilloma).

Combined DCE-MRI findings
Combined analysis of morphologic and kinetic findings
was performed, and final BIRADS classification was
given according to the most suspicious finding. The de-
tailed relation of DCE-MRI (morphology, kinetic, and
combined) to the pathology was shown in Table 3.
Accordingly, we had 11 false-positive cases; 9 lesions

displayed borderline or malignant curve (plateau and
wash out types) while the other 2 lesions (proved to be
sclerosing adenosis and atypical ductal hyperplasia) were
suspicious morphologically yet showing rising curve.
Thirty-nine cases were diagnosed as malignant (true

positive); one of them showed benign morphology (diag-
nosed as mucinous neoplasm) yet with suspicious kine-
matic finding (wash out curve) (Fig. 1).

DW-MRI findings
The detected 90 breast lesions were classified according
to their criteria on DWI and the automatically generated
ADC map to restricted and non-restricted. For proper
interpretation, both qualitative and quantitative analyses
were done. ADC values for the 90 breast lesions ranged
from 0.3 to 2.2 ×10−3mm2/s (mean 1.3± 0.52). A statisti-
cally significant correlation was found between the ma-
lignant lesions and restricted pattern with p-value<
0.001. Correlation with the pathology is done and illus-
trated in Table 4.
In our study, we had 11 false-negative lesions (among

which were cases with DCIS, IDC with central break
down) and 8 false-positive lesions (all of them were
fibroadenoma except 3: hematoma, abscess, and
papilloma).
By applying a ROC curve of ADC value for the true-

positive rate (sensitivity) plotted against false-positive
rate (specificity) analysis with area under the curve=
0.917, it was found that the best cutoff point is
1.365×10−3mm2/s to differentiate benign from malignant
lesions according to the ADC value with a sensitivity of
90% and specificity of 75.5% (Fig. 2).
The accuracy measures and diagnostic indices of sono-

mammography, DCE-MRI, and DW-MRI were calcu-
lated individually and showed that the sensitivity and
accuracy of DCE-MRI were still found to be the highest
among the imaging techniques to differentiate benign

Table 2 Mammography and/or sonography classification of lesions in correlation with final pathology

Sonomammography/
sonography

Pathology (n=90) p
valueNon-malignant=49

Negative
Malignant=41
Positive

Count % Count %

Probably benign (BIRADS 3) 39 (TN) 79.6% 11 (FN) 26.8% <0.001

Probably malignant (BIRADS 4) 10 (FP) 20.4% 30 (TP) 73.2%
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from malignant lesions. All the accuracy measure details
are illustrated in Table 5.

Discussion
The BIRADS 3 and 4 categories are the gray zone of le-
sion characterization. The former can cause confusion
to the interpreter as well as patient anxiety [15]. The
current BIRADS lexicon offers significant statistical dif-
ference regarding the classification of BIRADS 4 lesion
that ranges from greater than 2% to less than 95% malig-
nant [16]. In practical terms, this means that there is a
high percent chance that a biopsy can yield a benign re-
sult and in retrospect be deemed unnecessary [17].
Our study encompassed lesions that were classified

into the BIRADS 3 and BIRADS 4 lesions and aimed to
highlight the role of further MRI with emphasis on DW-
MRI.
It was noted that most benign lesions we encountered

tended to occur in the younger age group while the inci-
dence of malignancy increased with age which is in ac-
cordance with what Alawi et al. stated [18]. We both
also concluded that they comprise a wide range of
pathology.
A respective sonomammographic sensitivity and speci-

ficity of 73% and 80% were achieved in our study which
is much higher than the overall reported sensitivity of
30–60 and 40–80 stated by Mehnati et al. [5]. However,
it is comparative with Eisa et al. who reported a sensitiv-
ity of 68 and specificity of 74% [19].
Mammography remains the mainstay for diagnosis of

breast cancer; however, its sensitivity decreases with in-
creasing breast density owing to the superimposition of
glandular tissue [20]. This was the case in our study as
the false negatives deduced in our study were seen in
dense breasts categorized as ACR C and D. Complemen-
tary ultrasound can increase the mammographic sensi-
tivity and thus the number of detected cancers [21].

Based on its ability to assess both morphological and
enhancement patterns, MRI has been known to act as a
problem solver [22]. We found that the morphological
characteristic of a lesion is an important discriminator
(sensitivity 92.7% and specificity 89.8%), and this was
comparable to the results of Seifeldein et al. who
achieved a sensitivity of 97.5% and a specificity of 85%
[23]. According to and in agreement with Ebrahim et al.,
the spiculated margin seen in malignant lesions is a
cornerstone when trying to evaluate a pathology [24]. In
our study, we were faced with an incidentally discovered
lesion in an older patient during her first screening
sonomammogram that appeared rather well defined with
the exception of mild lobulation to one of its borders.
On MRI, the combined analysis of its margins and the
lack of any enhancement allowed us to overcome the
need of further biopsy. Further follow-up confirmed the
stable benign nature of the lesion.
The low specificity was highlighted in our study when

benign pathologies such as adenosis and fat necrosis
demonstrated confusing non-mass enhancement. On the
other hand, one of the malignant entities (DCIS) failed
to enhance in our study.
Another fundament in the assessment of a lesion de-

tected on MRI that is an important part of the multi-
parametric MRI approach is the dynamic contrast
enhancement. In the current study, we were able to
achieve a sensitivity of 90.2% and a specificity of 81.6%.
Aribal et al. [25] reported a higher sensitivity of 97%,
and Ebrahim et al. [24] were able to achieve a sensitivity
of 100%. Our low specificity was in agreement with the
above studies which showed a specificity of 88.9% and
76%, respectively. In our study, we allotted no enhance-
ment or type one curve to benign lesions and jointly al-
lotted both type two and three curves to malignant
lesions.
Failure to correctly classify a lesion as benign was seen

in two cases, papilloma and granulomatous mastitis with

Table 3 DCE-MRI (CE-MRI, kinetic analysis, and combined) classification of lesions in correlation with final pathology

Imaging Classification Pathology (n=90) p
valueNon-malignant=49

Negative
Malignant=41
Positive

Count % Count %

CE-MRI Benign 44 (TN) 89.8% 3 (FN) 12.2% <0.001

Malignant 5 (FP) 10.2% 38 (TP) 92.7%

Kinematic curve Benign No enhancement 1 (TN) 2% 1 (FN) 2.4% <0.001

Rising (type 1) 39 (TN) 79.6% 3 (FN) 7.3%

Malignant Plateau (type 2) 7 (FP) 14.3% 11 (TP) 26.8%

Washout (type 3) 2 (FP) 4.1% 26 (TP) 63.4%

Final DCE-MRI Benign (BIRADS 1, 2, 3) 38 (TN) 77.6% 2 (FN) 4.9% <0.001

Malignant (BIRADS 4, 5) 11 (FP) 22.4% 39 (TP) 95.1%
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Fig. 1 A 38-year-old female patient with positive family history presented with left breast lump. Mammography (A) showed left breast deeply
seated dense mass lesion and ultrasound (B) showed left UIQ well-circumscribed hypoechoic complicated cystic lesion with posterior
enhancement. Sonomammography revealed BIRADS 3. Dynamic MRI axial images showing upper inner quadrant rounded well-defined mass
lesion displaying low T1 (C) and intermediate T2 signal intensity (D). MRI axial dynamic THRIVE sequence and subtraction image (E) showed left
UIQ homogenously enhanced well-defined mass. Time/signal intensity analysis (F) of ROI showed wash out curve pattern (type III) with SI% of
103%. Diffusion sequence b 850 (G) and post-processing ADC map (H) showed restricted diffusion. ADC value for ROI was 0.9 × 10−3mm2/s. Both
the DCE-MRI and DWI-MRI revealed BIRADS 4 and suspicious findings. Pathology revealed mucinous adenocarcinoma

Table 4 DW-MRI classification of lesions in correlation with final pathology

DW-MRI Pathology (n=90) p
valueNon-malignant=49

Negative
Malignant=41
Positive

Count % Count %

Non-restricted (not high DWI and high ADC value) 41 (TN) 83.7% 11 (FN) 26.8% <0.001

Restricted (high DWI and low ADC value) 8 (FP) 16.3% 30 (TP) 73.2%
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both lesions demonstrating a washout curve rather than
more benign rising one. Several papers have similarly de-
scribed papillomas as falsely malignant acquiring this be-
nign characteristic with a range of 55–72.7% [26].
We also had three false-negative results that yielded

benign rising curves rather than malignant washout
curves when in fact their pathology was IDC (Fig. 3) and
DCIS.
By analyzing the morphological and kinetic features of

lesions, together we attained a higher sensitivity and
lower specificity of 95.1 and 77.6%. This increase in sen-
sitivity when both parameters were combined was also
reached by Ebrahim et al. who reported sensitivity of
100% [24].
More false-positive cases (11 cases) were noted on the

final MRI assessment (combined) as we considered the
most suspicious finding. Two cases (proved to be scler-
osing adenosis and atypical ductal hyperplasia) with sus-
picious non-mass enhancement showed type 1 rising

curve. On the other hand, two cases showed benign
morphology yet washout curves, and for the remaining
seven cases, plateau curves were attained with either be-
nign or suspicious morphology. In those cases, a final
BIRADS categorization of 4 was given necessitating the
need for further biopsy.
On the other hand, the false-negative cases were just

two where the morphology and kinetic analysis revealed
benign features (DCIS, IDC triple negative).
The currently employed sequences in breast MRI in-

cluding the pre- and post-contrast series when read in
conjunction with the ACR MRI BIRADS lexicon allows
for the high sensitivity but low specificity of breast MRI
[27].
The addition of DWI to the protocol can add more in-

formation about the lesion enabling its better
characterization as they both provide different data
about the lesion with the former concerned with the le-
sion vascularity and the latter with water diffusivity. An
added advantage of DWI is that we can overcome the
worry of gadolinium-based contrast agent safety [28].
Reading DWI-MRI combines both qualitative ap-

proach as well as the quantitative interpretation that is
based on the ADC values. The background signal sup-
pression in high b value DWI allowed better lesion de-
tection in one of our cases where a small satellite was
better detected on DW-MRI compared to the DCE-MRI
(Fig. 4).
When categorizing our results into benign and malig-

nant lesions, we relied on the EUSOBI recommendations
which specified a cutoff value of 1.3 × 10−3mm2/s. Ac-
cordingly, we were able to achieve a sensitivity of 73%,
and specificity of 83.7%. We understand that this specifi-
city was lower when compared to El Bakry et al. [29]
and Yadav et al. [30] who reached a respective specificity
of 92.1% and 91.6%.
We can attribute this result to the fact that we had a

significant number of false-positive benign lesions espe-
cially fibroadenomas which appeared restricted owing to
their high cellularity (Fig. 5). These false-positive results
have been acknowledged by Brandão et al. [31].
We also encountered false-negative results which were

evident in DCIS, invasive ductal carcinomas associated

Fig. 2 ROC curve of ADC value for the true-positive rate (sensitivity)
was plotted against false-positive rate (specificity) analysis

Table 5 Diagnostic indices and accuracy measures of mammography and/or sonography, DCE-MRI, and DW-MRI

Imaging Sensitivity Specificity PPV NPV Accuracy

Sonomammography/
sonography

73.17%
95% CI 57.06 to
85.78%

79.59%
95% CI 65.66 to
89.76%

75.00%
95% CI 62.61 to
84.31%

78.00%
95% CI 67.71 to
85.70%

76.67%
95% CI 66.57 to
84.94%

DCE-MRI 95.12%
95% CI 83.47 to
99.40%

77.55%
95% CI 63.38 to
88.23%

78.00%
95% CI 67.71 to 85.70
%

95.00%
95% CI 82.98 to
98.67%

85.56%
95% CI 76.57 to
92.08%

DWI-MRI 73.171%
95% CI 57.056 to
85.779%

83.673%
95% CI 70.343 to
92.678%

78.947%
95% CI 65.956 to
87.891%

78.846%
95% CI 68.896 to
86.249%

78.889%
95% CI 69.012 to
86.785%
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with areas of breaking down, and as well as in small le-
sions. Durur-Subasi states that these scenarios can result
in malignant lesions appearing facilitated rather than re-
stricted [32]. Pinker et al. suggested that lesion less than
10–12mm was missed on blind reading [33].
On further retrospective analysis of our results, we

found that using ADC value of 1.435 as a cutoff value
gave a sensitivity of 100% (no cancers missed) yet a spe-
cificity of 75.5%. However, we believed that the ADC
value of 1.365×10−3mm was considered the best cutoff

point to differentiate benign from malignant lesions with
resultant sensitivity (90.2%) and specificity (81.6%). Un-
fortunately, the different protocols among institutions
and the variations in reported ADC values mean that
there is no established cutoff value [32]. However, our
results were close to the cutoff value suggested by the
European Society of Breast Imaging [11].
A significant drawback to DW-MRI which we encoun-

tered is its inability to adequately assess the margins of a
lesion. This is in accordance with what Chen et al. stated

Fig. 3 A 54-year-old female came for follow-up after mastectomy. Mammography (A) showed left breast cluster of microcalcification, and
ultrasound (B) showed left 12 o’clock hypoechoic lesion with irregular outline. Sonomammography revealed BIRADS 4. MRI axial images showed
left upper central ill-defined area with intermediate signal on T1 (C) and T2 (D). MRI axial dynamic THRIVE sequence and subtraction image (E)
showed left upper central heterogeneously enhanced mass. Time/signal intensity analysis of ROI (F) showed rising curve pattern (type I) with SI%
of 137%. Diffusion sequence b 850 (G) and post-processing ADC map (H) showed restricted diffusion. ADC value for ROI was 0.8 × 10−3 mm2/s.
DCE-MRI revealed suspicious morphology and benign curve BIRADS 4 and DWI-MRI revealed suspicious findings BIRADS 4. Pathology revealed
invasive duct carcinoma
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[34] in their study regarding the inferior spatial reso-
lution and partial volume effect attributed to DW
images.
A note of interest we came across in our study is a

case of a mucinous carcinoma in a high-risk patient. It
appeared well defined and acquired homogenous con-
trast on DCE-MRI. However, it demonstrated a wash
out type 3 curve. On DWI-MRI it appeared to be re-
stricted with a corresponding low ADC value. This con-
traindicates to Amornsiripanitch et al. who wrote that

lesions with high water content including mucinous car-
cinoma display high ADC values [35]. Baltzer et al. [36]
and Pinker et al. [33] also report that in up to 67% of
the time they were not visible on DWI.
According to our results, the diagnostic performance

of DCE-MRI was higher than DW-MRI and that means
that it serves as a better option when trying to solve
problematic lesions. In contrary, Daimiel et al. con-
cluded that DWI was more specific (86.3% vs 65.7%, p <
0.001) but less sensitive (62.8% vs 90%, p < 0.001) and

Fig. 4 A 49-year-old female patient presented with left breast lump. Mammography (A) showed left upper central focal asymmetry with mild
architectural distortion and linear clustered calcification. Ultrasound (B) showed left 12 o’clock irregular hypoechoic lesion. Sonomammography
revealed BIRADS 4. MRI axial images showed left upper central microlobulated lesion of intermediate T1 (C) and T2 signal intensity (D). MRI axial
dynamic THRIVE sequence and subtraction image (E) showed left upper central microlobulated heterogeneously enhancing mass with a small
nearby (anterior) suspected ring enhancing nodule. Time/signal intensity analysis of ROI (F) showed plateau curve pattern (type II) with SI % of
270%. Diffusion sequence b 850 (G) and post-processing ADC map (H) showed restricted diffusion with more evident anterior restricted nodule.
ADC value for ROI was 0.9 × 10−3mm2/s. DCE-MRI and DWI-MRI revealed BIRADS 5 and suspicious findings. Pathology revealed invasive
ductal carcinoma
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accurate (71% vs 80.7%, p = 0.003) compared to DCE-
MRI for breast cancer detection [37].
One of our limitations was the sample size, which was

considered small to calculate a standardized ADC cutoff
value. Moreover, although we encountered a wide diver-
sity of pathologies in our study, yet 34.4% of lesions were
fibroadenomas which might have affected our final
results.
The relatively high sensitivity but low specificity in our

study has led us to believe that DW-MRI is a beneficial
tool with limitations. Its role can be especially

highlighted when there is concern regarding contrast
safety or when cost and availability limit the use of en-
hanced MRI. There still remains work to be done re-
garding standardizing both a protocol and an ADC
value.

Conclusion
Breast MRI has been highlighted as a problem-solving
tool in lesions that prove to be a dilemma in other im-
aging modalities. When comparing the ability of DCE-
MRI and DW-MRI in assessing BIRADS 3 and BIRADS

Fig. 5 A 31-year-old female presented with right breast lump and pain. Mammography (A) showed two large retroareolar well-defined lesions of
mixed densities predominantly hyperdense, and ultrasound (B) showed right retroareolar large well-defined mass of mixed echogenicity
predominantly hypoechoic with posterior acoustic shadowing. Sonomammography revealed BIRADS 3. MRI axial images showed right large well-
defined retroareolar mass showing heterogeneous signal on T1 (C) with elements of hyperintensity and intermediate signal on T2 WIs (D). MRI
axial dynamic THRIVE sequence and subtraction image (E) showed right retroareolar well-defined mass with marginal contrast uptake. Time/signal
intensity analysis (F) of ROI showed continuous rising curve pattern (type I) with SI % of 35%. Diffusion sequence b 850 (G) and post-processing
ADC map (H) showed mixed signal intensity with foci of restricted diffusion in the right retroareolar mass. ADC value for ROI was 0.9 × 10−3mm2/
s. DCE-MRI revealed BIRADS 2, but DWI-MRI gave suspicious findings BIRADS 4. Pathology revealed fibroadenoma
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4 lesions with the ultimate aim of reducing unnecessary
biopsies, we reached the conclusion that DW-MRI is
best delegated to cases where indeed contrast adminis-
tration is contraindicated. However, DCE-MRI is still
the cornerstone of a breast MRI with multiparametric
MRI combining both sequences being the ultimate
technique.
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