
RESEARCH Open Access

The value of dynamic contrast-enhanced
MRI in differentiating triple-negative breast
cancer from other subtypes
Heba Azzam1,2* , Rasha Kamal1, Hany El-Assaly1 and Lamiaa I. A. Metwally1

Abstract

Background: Breast cancer is a broad spectrum disease, including tumors showing different clinical, pathologic,
molecular, and imaging features. Triple-negative breast cancer (TNBC) has an extra aggressive clinical course and
poor prognosis being considered a diagnostic challenge to breast radiologists, yet it presented quite a lot of
predictors on DCE-MRI; these could be valuable in identifying TNBC from other breast cancer subtypes.
In this study, we aimed at assessing the DCE-MRI features of triple-negative breast cancer in comparison to other
subtypes of breast cancer.

Results: There was a significant difference between both groups regarding the internal enhancement pattern of
mass lesions (P value 0.001), as well as intratumoral bright signal intensity on T2-weighted images (P value < 0.001).
However, most of the breast cancer subtypes in this study showed malignant pattern kinetic curves type II and III
showing no significant difference (P value 0.673).

Conclusion: TNBC presented several features with significant differences from other breast cancer molecular
subtypes on DCE-MRI including the shape of the lesion and pattern of enhancement as well as high T2 signal
intensity, thus improving the diagnosis of TNBC.
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Background
Breast cancer is a broad spectrum disease, including tu-
mors showing different clinical, pathologic, molecular,
and imaging features. In addition to tumor size, patho-
logical grade, and lymph node, the estrogen, progester-
one, and HER2 receptor expression has important
predictive value and guides the choice of the best treat-
ment plan [1].
Based on DNA microarray techniques, gene expression

profiling of breast cancer has classified breast cancer
into five different molecular subtypes having recognized
clinical, biologic, and therapeutic effects based on estro-
gen receptor (ER), progesterone receptor (PR), and
HER-2 analysis, which are luminal A, luminal B, (HER
2/neu)-overexpressing, normal breast-like tumor or un-
classified group, and basal-like [2–6]. If the ER, PR, and

HER-2/neu are not expressed in the breast cancer, it is
called triple-negative breast cancer [7] (Table 1).
Triple-negative breast cancer (TNBC) has an extra ag-

gressive clinical course and poor prognosis. They have
an increased rate of local recurrence and metastatic dis-
ease, with a 5-year survival of more or less 75% [8, 9].
The frequency of TNBC is high in younger, habitually
premenopausal women [1, 10].
Imaging of TNBC is considered a diagnostic challenge

to breast radiologists. On mammography and ultra-
sound, triple-negative cancer shows imprecise character-
istics that can imitate lesions with benign features [11].
Patients with TNBC are commonly youthful with BRCA
gene mutation, and they have dense breasts which add-
itionally lowers mammographic sensitivity and specifi-
city. The speedy progression of the TNBC which is not
coupled with architectural distortions makes early detec-
tion of the disease exceptionally hard [12].
Breast MRI screening is beneficial for patients with

high risk and those with occult breast carcinoma, which
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has a rather higher prevalence of TNBC [14, 15]. MRI
shows malignant characteristics that might not be
recognized using mammography or ultrasound; conse-
quently, it is considered of higher precision in detecting
the local extent of disease in recently diagnosed breast
cancer [11, 16]. TNBC presented quite a lot of MRI pre-
dictors on DCE-MRI; these could be valuable in identify-
ing TNBC from other breast cancer subtypes [10].
Therefore, the aim of this work is to assess the DCE-

MRI features of triple-negative breast cancer in compari-
son to other breast cancer subtypes and to validate its
impact on management.

Methods
This study was a retrospective analysis, approved by the
ethics committee during the period from October 2014
to March 2015, in which we analyzed the contrast-
enhanced MRI morphology descriptors and kinematic
curve in 100 patients with triple-negative breast cancer
as compared to another 100 patients (control group) of
the same age group with different molecular subtypes.

Patients
It included 200 patients who were subjected to MRI
scanning including pre-contrast and dynamic post-
contrast sequences.

Inclusion criteria
Patients proved to have breast carcinoma of different
molecular subtypes.

Exclusion criteria
- Cases that lacked pathological confirmation
- Cases proved to be benign

Methods
MR imaging
MRI was performed for the breasts using 1.5-T magnet
scanners by two devices (Intera and Achieva, Philips
medical system). All patients were examined in the
prone position using a dedicated phased array breast coil
with eight channels. Total study time ranged from 30 to
45min. No sedation was used.

MRI imaging protocol

A. Cases were examined first by pre-contrast
sequences

Axial T1-weighted images, sagittal and axial T2-
weighted images, axial short time inversion recovery
(STIR), and a pre-contrast fat-saturated T2-weighted
pulse sequence. Pre-contrast images are obtained over a
512 × 192 matrix in the axial plane with a slice thickness
of 4 mm without gap, flip angle = 90° and FOV = 34–37
cm.

B. Dynamic contrast-enhanced series

A bolus of contrast (Magnevist (gadopentetatedime-
glumine) 0.1 mmol/kg) was injected manually
intravenous.

Post-processing and image analysis
Post-processing image subtraction was obtained using
the software subtraction function available on the work
station to highlight the enhancing features in the image.

1. Quantitative analysis was done by using time/signal
intensity curve.

A color overlay map was displayed, indicating regions
of threshold enhancement.

2. The maximum intensity projection (MIP) (Fig.1a)
was performed to demonstrate the distribution of
disease in the breast in relation to the skin, nipple,
chest wall, and large vessels.

Image analysis
Magnetic resonance images were reviewed by two radi-
ologists in the same setting, and the final diagnosis was
reached by their agreement (in consensus). The findings
of dynamic contrast-enhanced MRI study were evaluated
in accordance with the ACR BI-RADS MRI Lexicon,
2013, that includes two major categories of descriptors:
morphology and enhancement kinetics.

Table 1 Molecular classification of breast carcinoma [13]

Feature Luminal A Luminal B HER-2+ Basal like

ER/PR Positive Positive Mostly negative Negative

HER-2 Negative May be amplified Amplified Negative

Other markers’ positivity CK 8/18 CK 8/18 Androgen receptor CK 5/6, EGFR

Proliferation rate (ki67 index) Low Intermediate High Very high

Recommended therapy Hormonal Hormonal and chemotherapy Herceptin and chemotherapy Chemotherapy

Prognosis Favorable Unfavorable Poor Worst
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A. Morphology descriptors

Enhancing lesions were categorized as focus, mass,
and non-mass enhancement.

1. Focus/foci: A focus is a breast lesion smaller than 5
mm (Fig. 2d).

2. Mass: A mass is a three-dimensional space-
occupying lesion (Fig. 1).
(a) Multiplicity of masses
(b) Mass was characterized by the following:

Shape (oval, round, irregular), margin (circumscribed,
not circumscribed) (Fig. 2), and internal enhancement

characteristics (homogenous, heterogenous, rim en-
hancement (Fig. 3), dark internal septations).

3. Non-mass enhancement

(a) Distribution pattern

� Focal area
� Linear enhancement (Fig. 2d)
� Segmental enhancement

Fig. 1 MR images: a DCE-MRI MIP images, b post-contrast, c T2 WI, and d STIR WI. The images show left UOQ small not circumscribed
(speculated) cystic mass lesion “arrow,” eliciting intermediate T2 and high (bright) T2 STIR signal intensity. It shows rim enhancement on dynamic
post-contrast images and markedly enlarged axillary lymph nodes (yellow arrow). The pathology revealed TN invasive ductal carcinoma
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� Regional enhancement
� Diffuse enhancement

(b) Internal enhancement characteristics

� Homogenous
� Heterogeneous
� Clumped
� Clustered ring

B. Associated features

Associated findings with or without enhancement
which include nipple retraction or inversion, skin retrac-
tion, thickening or invasion, lymphadenopathy, pectoral
muscle invasion and chest wall invasion, architectural
distortion, high signal intensity in ducts on unenhanced

images, abnormal signal void, hematoma, edema, and
cysts were reported.
Signs of spread of malignancy: On the MR images of

the breast, spread to the axillary region, other lymph
nodes, the chest wall muscles, the ribs, the adjacent
pleura and lung, or the overlying skin was reported.

C. Kinetic enhancement curve assessment

Three enhancement patterns were identified on the basis
of the time/signal intensity curve: types I, II, and III (Fig. 3g).
All patients were assigned a BI-RADS category [6] ac-

cording to the ACR MRI BI-RADS lexicon.

Statistical analysis
The data was summarized using number and percentage
for qualitative variables and mean and SD for normally
distributed quantitative variables. Comparison between
groups was done using the chi-square test for qualitative
variables and the independent T test for quantitative var-
iables. P value less than or equal to 0.05 was considered
statistically significant, and 0.01 or less considered highly
significant.

Fig. 2 MR images: a T2, b STIR, and c, d DCE-MRI post-contrast images. Left UOQ irregular non-circumscribed mass, eliciting intermediate-high T2
and STIR signal intensity “arrow.” It shows heterogenous enhancement in dynamic post-contrast images “arrow.” Left UOQ small linear non-mass
lesion extending in front and behind the mass, eliciting bright T2 STIR signal intensity, and showing heterogeneous enhancement in dynamic
post-contrast images “arrowheads.” Left UOQ enhancing focus “arrow.” The pathology revealed luminal B invasive ductal carcinoma
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Results
The study included 200 patients with 364 pathologically
proved malignant breast lesions: 100 patients (with 172
lesions) TNBC and 100 patients (with 192 lesions) con-
stituted the control group.

Age
Ages of TNBC patients ranged from 24 to 60 years
(mean age 44.04 ± SD), while ages of control group
patients ranged from 27 to 62 years (mean age 45.28
± SD).

Fig. 3 a Mammography. b Ultrasound. c–f MRI images. c Subtraction. d Post-contrast. e T2 WI. f STIR WI. g Time/signal intensity curve.
Mammography showing heterogeneous dense breast (ACR C). Right axillary tail pleomorphic clustered microcalcifications are seen (circle) with
parenchymal distortion. Ultrasound showing ill-defined hypoehoic soft tissue lesion at the axillary tail of the right breast, with surrounding
echogenic halo denoting desmoplastic reaction and parenchymal distortion with right pathologically enlarged axillary lymph nodes. MRI images
show right UOQ large irregular speculated mass with surrounding area of architecture distortion, eliciting intermediate SI with areas of high T2
and STIR signal intensity, and displaying rim enhancement in dynamic post-contrast series. MRI time/signal intensity curve of right UOQ mass
lesion shows delayed peak of contrast uptake and plateau (type II). The pathology revealed TN invasive ductal carcinoma.
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Clinical presentation
Most of TNBC and control group patients presented
with palpable mass lesions. No significant difference was
presented between both groups.

Histopathological diagnosis
After revision of core biopsy reports, we found that
TNBC 80/100 (80%) cases were invasive ductal carcin-
oma, 16/100 (16%) cases were lobular carcinoma, and 4/
100 (4%) cases were mucoid carcinoma, while in the
control group, 84/100 (84%) cases were IDC, 12/100
(12%) cases were lobular carcinoma, and 4/100 (4%)
cases were mixed invasive and lobular carcinoma. All of
them were positive for estrogen/progesterone receptors
(luminal A and B).

Type of lesion enhancement
TNBC (172 lesions) distributed as 104/172 (60.5%)
showed mass enhancement, 52/172 (30.2%) showed
non-mass enhancement, and 16/172 (9.3%) showed
focus enhancement. In the control group (192 lesions),
no significant difference was found as 108/192 (56.3%)
of the control lesions showed mass enhancement, 60/
192 (31.3%) of the control lesions showed non-mass en-
hancement, and 24/192 (12.5%) of the control lesions
showed focus lesions.

Internal enhancement characteristics
The predominant internal enhancement pattern of the
TNBCs is rim enhancement. A highly significant differ-
ence was found between the two groups (P value 0.001).
TNBC: 24/104 (23.1%) mass lesions showed homogenous

enhancement, 32/104 (30.8%) mass lesions showed hetero-
geneous enhancement, and 48/104 (46.2%) mass lesions
showed rim enhancement. In the control group, 76/108
(70.4%) mass lesions showed homogenous enhancement,
24/108 (22.2%) mass lesions showed heterogeneous en-
hancement, and 8/108 (7.4%) mass lesions showed rim
enhancement.
DCE-MRI features of TNBC compared to other sub-

types of breast cancer (non-TNBC) are summarized in
Table 2.

Shape of the mass lesions
TNBC: 40/104 (38.5%) were rounded or oval in shape
and 64/104 (61.5%) were irregular in shape.
Control group: 12/108 (11.1%) were rounded or oval

in shape and 96/108 (88.9%) were irregular in shape.

T2 signal intensity
TNBC: 108/172 (62.8%) lesions elicited high T2 signal
intensity, 60/172 (34.9%) lesions elicited low T2 signal
intensity, and 4/172 (2.3%) lesion was indistinct in T2-
weighted images. The increased T2 signal is due to the

presence of necrotic areas which elicits high signal on
T2 WI.
Control group: 32/192 (16.7%) lesions elicited high T2

signal intensity, 152/192 (79.2%) lesions elicited low T2
signal intensity, and 8/192 (4.2%) lesions were indistinct
in T2-weighted images.

Discussion
TNBC usually affects youthful females (< 50 years) [17],
often presenting as palpable masses that might show be-
nign characteristics on mammography and ultrasound,
which might lead to faulty or delayed diagnosis [13].
Estrogen, progesterone, and HER2 receptor expression

has important predictive value and guides the choice of
the best treatment plan in addition to tumor size, patho-
logical grade, and lymph node [1].
Better understanding of the DCE-MRI imaging fea-

tures of TN cancers provides an imaging biomarker with
clinical implications.
This study aimed to determine the dynamic contrast-

enhanced magnetic resonance imaging features of TN
breast cancers in comparison to other breast cancer sub-
types and to evaluate the DCE-MRI impact on the man-
agement of such cases.
Also, this study demonstrated certain MRI features

with significant differences that are more frequent with
triple-negative breast cancer compared with other breast
cancer subtypes such as round shape mass lesion. Our
results were consistent with some previous studies such
as Sung et al. [1] who stated that 61% of TNBC lesions
were lobulated, 25% irregular, and 14% round or oval
with significant differences between the two groups (P
value < 0.001), compared to other studies that reported
most TNBC were rounded and/or oval masses [10, 18].
Other MRI features in which we found significant dif-

ferences were mass with rim enhancement in post-
contrast images and intratumoral bright signal intensity
on T2-weighted images; this may be due to tumor ne-
crosis compared to predominant homogenous internal
enhancement in the other subtypes. Our results were
consistent with many studies [1, 12, 10, 19–22] which af-
firmed that rim enhancement is the most beneficial MR
characteristic for identifying TNBC and it is accompan-
ied with more aggressive tumors [23].
Meanwhile, other DCE-MRI parameters showed no

statistical differences between TN and non-TN breast
cancer, which are the distribution of FGT and BPE, mass
margin, non-mass enhancement distribution and en-
hancement pattern, lymph node status, and types of kin-
etic curves.
In this study, TNBC was diagnosed by DCE-MRI in all

cases, and this coincides with previous studies such as
Dogan et al. [20] who studied the characteristics of
TNBC by mammography, ultrasound, and MR imaging;
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Table 2 DCE-MRI features of TNBC compared to other subtypes of breast cancer (non-TNBC)

DCE-MRI parameters TNBC (%) Non-TNBC (%) P value

FGT 0.104

A/almost entirely fatty 12 0

B/scattered FGT 56 44

C/heterogenous FGT 32 48

D/extreme FGT 0 8

BPE 0.264

Minimal 40 56

Mild 36 36

Moderate 24 8

Type of lesion enhanced 0.866

Focus 9.3 12.5

Mass 60.5 56.3

NME 30.2 31.3

Mass associated with NME 0.185

Associated 32 16

Non-associated 68 84

Mass/shape 0.008

Oval 7.7 7.4

Round 30.8 3.7

Irregular 61.5 88.9

Mass/margin

Circumscribed 30.8 11.1

Non-circumscribed (irregular or spiculated) 69.2 88.9 0.078

Mass/internal enhancement 0.001

Homogenous 23.1 70.4

Heterogenous 30.8 22.2

Rim enhancement 46.2 7.4

NME/distribution 0.833

Focal 30.8 40

Linear 23.1 13.3

Segmental 15.4 26.7

Regional 15.4 13.3

Diffuse 15.4 6.7

NME/internal enhancement 0.450

Homogenous 46.2 26.7

Heterogenous 30.8 53.3

Clumped 23.1 20

T2 signal intensity < 0.001

High 62.8 16.7

Low 34.9 79.2

Indistinct 2.3 4.2

T2 STIR signal intensity < 0.001

High 86.0 35.4

Low 11.6 60.4
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TNBC were detected by MRI in all cases and in 91% and
93% of cases by mammography and ultrasound respect-
ively. Also, Schmadeka et al. [16] suggested that 18% of
TNBC were not detected on mammography.

Conclusion
In conclusion, in this study, TNBC presented several fea-
tures with significant differences from other breast can-
cer molecular subtypes on DCE-MRI including the
shape of the lesion and pattern of enhancement as well
as high T2 signal intensity, thus improving diagnosis of
TNBC.
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