
ABSTRACT

Purpose. Triple-negative (TN) breast cancers have high ma-
lignancy potential and are often characterized by early sys-
temic relapse. Early detection is vital, but there are few
comprehensive imaging reports. Here we describe mam-
mography, ultrasound, and magnetic resonance imaging
(MRI) findings of TN breast cancers, investigate the specific
features of this subtype, and compare the characteristics of
TN breast cancers with those of hormone receptor (HR)-
positive/human epidermal growth factor receptor (HER)-2-
negative breast cancers.
Materials andMethods. From July 2009 to June 2011, mam-
mographyandultrasound findingsof210patientswithpatho-
logically confirmed TN (n � 105) and HR-positive/HER-2-
negative breast cancers (n � 105) were retrospectively
reviewed from our institutional database. Ultrasound vascu-
larity was notified in 88 cases and elasticity scores were noti-
fied in 49 cases overall. Thirty-five patients underwent MRI
(22 TN and 13 HR-positive/HER-2-negative). Mammograms,
ultrasound, and MRI were reviewed according to the Breast

Imaging-Reporting and Data System (BI-RADS) lexicon and
classification.
Results. TN breast cancers were more likely to show round,
oval, or lobulated masses with indistinct margins on mam-
mography than HR-positive/HER-2-negative breast cancers.
On ultrasound, TN tumorsweremore likely thanHR-positive/
HER-2-negative breast cancers to show circumscribed or mi-
crolobulated margins and no posterior acoustic features or
posterior enhancement-positive. On MRI, TN cancers exhib-
ited suspicious aspects more often than HR-positive/HER-2-
negative cancers, oftenwith rimenhancement-positiveHER-2
(84.6% ofmasseswere classified BI-RADS 5).
Conclusion.This study is the first todescribe findingsonmam-
mography, ultrasound, and MRI for TN breast cancers with a
matched HR-positive/HER-2-negative control group. Several
distinctivemorphological features of these aggressive tumors
are identified that can be used for earlier diagnosis and treat-
ment, and ultimately to improve outcomes. The Oncologist
2013;18:802–811

Implications forPractice: Ourresults suggest that therearecorrelationsbetweenunderlyingphenotypesanddistinctive imaging
features for estrogen receptor (ER)-negative/progesterone receptor (PR)-negative/human epidermal growth factor receptor
(HER)-negative cancers and ER-positive/EP-positive/HER-negative cancers. The findings show that the triple negative (TN) phe-
notypehasa fewcharacteristic radiological findings: anovalor lobulatedmasswithcircumscribedormicrolobulatedmarginsand
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LearningObjectives Identify the features typical of triple-negative breast cancers onmammography, ultrasound,
andmagnetic resonance imaging.

Identify this aggressive subtype to accelerate diagnosis and treatment and improve outcomes.

Compare typical imaging features of triple-negative breast cancers with typical imaging features of
HR�/HER- breast cancers.
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marked hypoechogenicity (p� .001). Someof thesemasses can bemisinterpreted as benign tumors. Breast cancers are a group
ofdiseaseswithawidespectrumofclinical, pathological, andmolecular characteristics, and thesewill lead to thedevelopmentof
better-targeted therapies for patients. Breast cancerswith a TNphenotype subtype have a poor prognostic outcome; therefore,
thedetectionof theTNphenotype is vital. Radiologists need to know the rangeof imaging features that occurwithdifferent phe-
notypes and be able to recognize themost aggressive subtypes to speed up pretreatment planning.

INTRODUCTION

Recentproteinexpressionprofiling inbreast cancershas iden-
tified the distinctive triple negative (TN) subgroup, defined as
breast carcinomas that do not express estrogen receptors,
progesterone receptors, or the human epidermal growth fac-
tor receptor-2 (HER-2) [1]. They account for 7% to 16% of
breast cancers [1–3] and are often associatedwith young age,
high histological grade, suppressed BRCA1 function, and poor
prognostic outcomes [3]. Because TN cancers have less spe-
cific targets than cancers that overexpress HER-2, endocrine
therapy and anti-HER-2 therapy are ineffective in the treat-
ment of TN breast cancers.

Theability topredict thepresenceof this subtypebasedon
mammography or ultrasound would lead to faster pretreat-
ment planning and improve outcomes, yet there are few re-
ports on the relationship between this tumor subtype and
imaging findings. Publications currently available describe a
relatively small number of patientswith TN cancer, cover only
one imaging modality, or do not compare imaging aspects of
TN tumors with those of ER-positive/PR-positive/HER-2-neg-
ative (hormone receptor [HR]-positive/HER-2-negative)
breast cancers [4–11].

Theaimof this retrospectivestudywasthus to identifyand
describe the imaging characteristics of TN breast carcinomas
using information obtained frommammography, ultrasound
(including Doppler vascularity and elastography when possi-
ble), andmagnetic resonance imaging (MRI), and to compare
the findingswith the imaging characteristics of a group of HR-
positive/HER-2-negative breast cancers diagnosed over the
same period.

MATERIALS ANDMETHODS

Patient Selection
We identified 105 consecutive TN breast carcinomas diag-
nosed at our institution between July 2009 and June 2011
fromour prospectivelymaintained institutional database (TN
group). All lobular infiltrating carcinoma in which imaging
characteristics can differ across molecular subtypes were ex-
cluded. Seventy-threeof thesepatientshavealreadybeende-
scribed in a previous publication [12]. The control group was
composed of 105 HR-positive/HER-2-negative breast cancers
diagnosed over the sameperiod thatwere randomly selected
from the same database for comparison (RH-positive group).

In the TNgroup, therewere 105 lesions in 101patients: 97
patients had one lesion, and 4 patients had 2 lesions (1 bilat-
eral). In the HR-positive/HER-2-negative group, there were
105 lesions in 98 patients: 92 patients had 1 lesion, 5 patients
had 2 lesions (1 bilateral), and 1 patient had 3 lesions. All anal-
yses are presented per lesion.

The following patient and clinical informationwas record-
ed: age, tumor manifestation (palpable mass vs. lesion
identified withmammography, sonography, orMRI), and his-

tological type and grade of the tumor. Imaging features were
retrieved retrospectively frompatient files for all patients and
reviewed before analysis. Mammograms and ultrasounds
were available for all patients in both groups, and 35 patients
additionally underwentMRI (22 in the TN group and 13 in the
HR-positive/HER-2-negative group). Initial imaging examina-
tionwasperformedoutsideour institutionon22of the lesions
(13TNand9HR-positive/HER-2-negative), and thesewere re-
viewed internally before analysis.

Institutional review board approval was obtained for
these retrospective analyses, and the studywas carried out in
compliancewith the Helsinki Declaration.

Mammography Interpretation
Two standard imaging views (craniocaudal and mediolateral
oblique) were used for mammography, with additional views
if necessary. Using the American College of Radiology (ACR)
Breast Imaging-Reporting and Data System (BI-RADS) lexicon
[13], we retrospectively examined breast density (fatty, scat-
tered fibroglandular, heterogeneously dense, or dense) and
the presence of lesions. Lesions were described asmasses re-
porting size, shape (oval, round, lobulated, or irregular), and
margins (circumscribed,microlobulated, obscured, indistinct,
or speculated);microcalcifications reportingsize;masseswith
microcalcifications, asymmetric focal densities reporting size;
or architectural distortions reporting size.

Ultrasound Interpretation
Mostultrasoundexaminationswere carriedout at our institu-
tion(Supersonic ImagineShearwaveAixplorer,France,http://
www.supersonicimagine.com, Aix-en-Provence, France) We
classified the lesions as masses and non-mass lesions. Non-
mass lesionswere defined as lesions that showed focal heter-
ogeneity distinct from normal breast parenchyma and the
lesion size was specified. Conversely, masses were defined as
space-occupying lesions in two orthogonal projections. We
used the ACR-BI-RADS lexicon and specified the size, shape
(oval, round, lobulated, or irregular), margins (circumscribed,
microlobulated, indistinct, angular, spiculated), lesionbound-
aries (abrupt interfaceorhyperechoic halo), echogenicity (hy-
poechoic, hyperechoic, complex), and posterior acoustic
features (no change, enhancement, or shadowing). We rean-
alyzedour cases for echogenicity,which could be analyzed for
93 TN and 83 HR-positive/HER-2-negative cancers. Doppler
vascularity was available in 48 TN cases and 40 HR-positive/
HER-2-negative cases and quantitative elastography was
available for25TNcancers and24HR-positive/HER-2 cancers.

MRI Interpretation
BreastMRI (1.5 T Philips Electra) was available for 22 patients
with TN cancers and 13 patients with HR-positive/HER-2-neg-
ative cancers. The imaging protocol consisted of a turbo spin
echo T2-weighted non fat-suppressed sequence followed by
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an axial spin echo T1-weighted precontrast and five serial dy-
namic postcontrast sets after rapid IV bolus infusion of 0.1
mmol/kg of gadopentetate dimeglumine at a rate of 2 mL/
second. Delayed contrast-enhanced images with fat suppres-
sion on an axial plane were also obtained. After the dynamic
scanwas completed, subtraction imageswere generated.We
retrospectively examined images on the Agfa picture ar-
chiving and communication system (PACS). The lesion mor-
phology and enhancement kinetic features were defined
according to the American College of Radiology–BI-RADS lexi-
conwith final classification.Wedescribed lesions asmass and
non-mass lesions. Formasses, we specified shape (round, oval,
lobulated, or irregular),margins (smooth, irregular, speculated),
internal enhancement (homogenous, heterogeneous, rim en-
hancement), kinetic enhancement (visual analyze or kinetic
curves after regionof interest positioning), and T2 -weighted as-
pect (hypo or hyper). For non-mass lesions, we described size,
distribution, and internal enhancement.

Histopathological Analysis
Histological findingswereclassifiedas invasiveductal carcino-
mas (IDC), ductal carcinoma in situ (DCIS), both (IDC-positive
DCIS), or other (for example papillary, tubular, or mucinous
carcinomas), and the grade was recorded as low, intermedi-
ate, or high. We used the surgical findings from breast-con-
serving surgery or mastectomy specimens as the reference
standard. The cut-off point for ER- and PR-positive expression
was 10%.HER-2 statuswas 0, 1-positive, or 2-positivewithout
amplification in FISH analyses for all TN tumors.

Statistical Analysis
We used �2’s t test or Fisher’s exact test for qualitative data
and theMann-WhitneyU test or the Student t test for quanti-
tative data. In these exploratory analyses,p� .05was consid-
ered statistically significant. The Bonferroni adjustment was
notusedtoaccount formultiple testing (approximately30fac-
tors tested for) because of the study’s exploratory and de-
scriptive aims, but it should be used for p values close to 0.05,
ormore conservatively, p� .001. Descriptive statistics are re-
ported with means and percentages for normally distributed
dataormediansandranges fornon-normallydistributeddata.
�2 analysiswasused to identify associations between imaging
features and groups. All analyses are per lesion. All statistical
analyses were performed with the use of the SPSS statistical
software (SPSS, Chicago, IL, http://www.spss.com).

RESULTS

Clinicopathological Data
For both groups, 210 mammograms and ultrasounds were
available for study and 35MRI scans were available for study.
TN cancersweremore often discoveredby the patient herself
(46.7% vs. 24.8% for HR-positive/HER-2-negative group),
whereas HR-positive/HER-2-negative tumors were more of-
ten seen onmammography (65.7% vs. 39% for the TN group)
(p � .001). Sixty TN tumors (57.1%) and 34 HR-positive/HER-
2-negative tumors (32.4%) were palpable and measurable.
The median clinical size for tumors palpable at diagnosis was
larger for TN tumors than for HR-positive/HER-2-negative tu-

Table 1. Clinicopathological data for TN tumors (n� 105) versus HR�/HER-2- tumors (n� 105) diagnosed from July 2009
through June 2011

Characteristic TN cancer ER�/PR�/HER-2- p value

Presentation of disease, n (%)a

Self-breast examination 49 (46.7) 26 (24.8)

Medical examination 8 (7.6) 2 (1.9)

Mammogram 41 (39) 69 (65.7)

Ultrasound 4 (3.8) 5 (4.8)

MRI 3 (2.9) 3 (2.9) �.001

Palpable andmeasurable, n (%) 60 (57.1) 34 (32.4)

Median age, years (range) 54 (28–95) 61 (27–86) .02

BRCAmutation, n (%)b 2 (1.9) 0 N/A

Histologic tumor type, n (%)

IDC 83 (79) 85 (81)

IDC andDCISc 15 (14.3) 17 (16.2)

Other 7 (6.7)d 3 (2.9) .417

Histologic tumor grade, n (%)

1 (low) 2 (1.9)e 34 (32.4)

2 (intermediate) 22 (21)e 56 (53.3)

3 (high) 81 (77.1) 15 (14.3) �.001

Median clinical size for palpable tumors,mm (range) 40 (10–150) 30 (10–70) .02
aOnly the categories “Self-breast examination” and “Mammogram”were compared because of the small numbers of patients in the other groups.
bGeneticmutationswere sought in only five patients.
cIDC associatedwith DCIS.
dTumor typeswere 1medullar, 2 sarcomatoid carcinoma, 3 invasive apocrine, and 1 small cell neuroendocrine.
eGrade I: 2/2 IDC; grade II: 17/22 IDC, 5/22 DCIS.
Abbreviations: DCIS, ductal carcinoma in situ; ER, estrogen receptor; HR, hormone receptor; IDC, invasive ductal carcinoma;MRI,magnetic
resonance imaging; N/A, not statistically tested because of small patient numbers; TN, triple negative.
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mors: 40 mm (range: 10–150) versus 30 mm (range: 10–70),
respectively (p� .001). Patients with TN cancers were gener-
ally significantly younger than those with HR-positive/HER-2-
negative cancers (54 years vs. 61 years) (p� .02) (Table 1).

Although mutations were only sought for 5% of the TN
group and 20% of the HR-positive/HER-2-negative group
(because of familial histories), 2 of the 5 patientswith TN can-
cer who had available genetic mutation data had mutations
and none of the 21 women with HR-positive/HER-2-negative
cancer had BRCA1mutations.

No differences were found between the frequency of his-
tological types across groups (p � NS). TN tumors had higher
grades in general. Most were grade 3 (77.1%); 21.0% were
grade 2, and 1.9% were grade 1. For the HR-positive/HER-2-
negative group, 14.3% of tumors were grade 3, 53.3% were
grade 2, and 32.4%were grade 1 (p� .001).

Mammography
Nodifferences inbreastdensitywere foundacrossgroups (Ta-
ble 2).Most cancerswere seen asmasses: 57of 92 (61.9%) for
TN and 55 of 95 (57.9%) for the HR-positive/HER-2-negative
cancers. TN lesions weremore frequently round, oval, or lob-
ulated (67.7%) than thoseofHR-positive/HER-2-negative can-

cers (20%), and lesionsweremore frequently irregular forHR-
positive/HER-2-negative tumors (80%) than for TN tumors
(32.3%, p � .001). TN tumors more frequently had indistinct
margins (61.5%) than tumors in the HR-positive/HER-2-nega-
tive group (25%) (p � .001) (Figs. 1A, 2A). On the contrary,
margins of masses in HR-positive/HER-2-negative cancers
were spiculated in 68.3% (vs. 13.8% in TN tumors). In both
groups, masses with microcalcifications, clusters of microcal-
cifications, asymmetric focal densities, and architectural dis-
tortions (other imaging) were relatively rare (Table 2).

Only one cancer (a TN cancer) was classified BI-RADS 3. A
comparisonofthedifferenttypesofabnormalmammogramsre-
vealedthatfewerTNlesionsthanHR-positive/HER-2-negativele-
sions were classified BI-RADS 5 (34.1% vs. 51.6%, respectively)
and more TN tumors than HR-positive/HER-2-negative tumors
were classified BI-RADS 4 (65.9% vs. 48.4%, respectively) (p �
.016).

Ultrasound
Ultrasound scans were available for all lesions. Masses were
present on the same percentage of TN and HR-positive/HER-
2-negative lesion images (94% vs. 93%). TN cancers more fre-
quently had a round or oval shape (65.6% vs. 23.3% for HR-

Table 2. Mammography results and findings for breast cancer according to the tumor phenotype (TN, n� 105; HR�/HER-2-,
n� 105)

Mammography findings TN cancer ER�/PR�/HER-2- p value

Breast density, n (%)

1 13 (12.4) 13 (12.4)

2 46 (43.8) 57 (54.3)

3 42 (40) 35 (33.3)

4 4 (3.8) 0 .121

Result, n (%)

Normal (BI-RADS 1 or 2) 13 (12.4) 10 (9.5)

Abnormal 92 (87.6) 95 (90.5) .507

Lesion type, n (%)

Mass 57 (61.9) 55 (57.9)

Masswith calcifications 8 (8.7) 5 (5.3)

Calcification only 11 (12) 16 (16.8)

Other imaging 16 (17.4) 19 (20) .601

Mass shape, n (%)a

Round 11 (16.9) 4 (6.7)

Oval 28 (43.1) 7 (11.7)

Lobulated 5 (7.7) 1 (1.7)

Irregular 21 (32.3) 48 (80) �.001b

Massmargins, n (%)a

Circumscribed 7 (10.8) 1 (1.7)

Microlobulated 8 (12.3) 1 (1.7)

Obscured 1 (1.5) 2 (3.3)

Spiculated 9 (13.8) 41 (68.3)

Indistinct 40 (61.5) 15 (25.0) �.001c

Mass size,mm,median (range)a 20 (7–70) 14 (5–60) .003
aFormasses andmasseswith calcifications (TN: n� 65; HR�/HER-2-: n� 60).
bRound, oval, and lobulated numberswere grouped together to provide adequate numbers for comparison.
cOnly proportions of indistinctmargins were compared.
Abbreviations: BI-RADS, Breast Imaging-Reporting and Data System; ER, estrogen receptor; HR, hormone receptor; TN, triple negative.
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positive/HER-2-negative lesions) and HR-positive/HER-2-
negative tumors more frequently had an irregular shape
(76.7%vs.34.4%TN), (p� .001).TNtumorshadcircumscribed
or microlobulated margins more often than the HR-positive/
HER-2-negative group (47.3% vs. 17.5%, respectively), and

HR-positive/HER-2-negative tumors more often had indis-
tinct, angular, spiculated margins (82.6% vs. 52.7% for TN)
(p� .001) (Table 3).

There was borderline statistical significance for differ-
ences in lesion boundaries, with TN cancers more frequently
having an abrupt interface (65.6%) than HR-positive/HER-2-
negative cancers (51.2%) and HR-positive/HER-2-negative
cancers having echogenic halosmore frequently than TN can-
cers (48.8% vs. 34.4%) (p� .05) (Table 3). Ultrasound showed
noposterior acoustic features andnoposterior enhancement
in 72 of 93 TN lesions (77.4% vs. 47.7% for HR-positive/HER-2-
negative lesions) (p� .001). Posterior shadowingwaspresent
in 45 out of 86 HR-positive/HER-2-negative tumors (52.3% vs.
22.6% TN) (p � .001) (Table 3). TN cancers were significantly
more often markedly hypoechoic (46.2%) than HR-positive/
HER-2-negative cancers (10.8%) (p� .001) (Table 4).

Doppler color imaging was available for 48 of 100 TN
cancers and for 40 of 90 HR-positive/HER-2-negative can-
cers and was positive in 38 TN (79%) and 33 HER-positive/
HER-negative tumors (83%) (Figs. 1B, 2B). For 25 TN tumors
and 24 HR-positive/HER-2-negative tumors, we could use
the quantitative elastography technique of Shear Wave
Elastography (SWE). There was one false negative among
the TN group (10-mm cancer initially classified BI-RADS 3).
The small number of patients and the variability of the data
(kPa measures were inside the lesion for some tumors and
in theperiphery of the lesion for others) ruledout the inves-
tigation of this parameter.

One HR-positive/HER-2-negative and four TN cancers
were classified BI-RADS 3.Whenwe compared BI-RADS 4 and
5 classifications, there were more BI-RADS 5 classifications in
HR-positive/HER-2-negative tumors (58.7%) than in TN le-
sions (32.6%) (p � .001). For the TN group, 18 BI-RADS 4 tu-
mors were classified BI-RADS 5 when using elastography. In
the HR-positive/HER-2-negative group, 6 tumors appeared
more suspect with elastography.

Dynamic Contrast-EnhancedMRI Findings
MRI was available for 22 patients with TN cancer (21.4%) and
13 patients with HR-positive/HER-2-negative cancer (12.4%).
All cancers were detected on MRI in the two subgroups and
showed significant abnormal contrast enhancement. For the
TNcohort, 17of22cancers (77%)appearedasmassesand4of
22 (18%) appeared as non-mass lesions. For the HR-positive/
HER-2-negative group, 12 of 13 cancers (92.3%) appeared as
masses and 1 of 13 (7.7%) appeared as non-mass lesions (lim-
ited statistical testing because of small sample size).

MRI characteristics for tumorswithmass-like contrast en-
hancement (n�17TNand12HER-positive/HER-negative)are
shown in Table 5. Statistical testing was not performed be-
cause of the small number of patients in each group. All HR-
positive/HER-2-negative mass-like lesions showed low
intratumoral signal intensityonT2-weighted images,whereas
approximately half of TN lesions showed high signal intensity
and half showed low signal intensity (Fig 2C). Among the TN
cancers with masses, the most common internal enhance-
ment pattern was rim enhancement (10/17; 58.8%), which
was much more frequent in TN tumors than in the HR-posi-
tive/HER-2-negative group (1/12: 8.3%) (Fig. 2D). For non-
mass TN lesions, MRI showed 1 of 4 with focal zone
enhancement,1of4with regionalenhancement,and2of4 le-

Figure1. Imaging studies of a 66-year-oldwomanwith adiagno-
sis of triple-negative ductal invasive carcinoma. (A): Mammo-
gram shows a microlobulated-shaped mass with mostly
circumscribed margins. (B): Ultrasound image shows an oval-
shapedmasswithmicrolobulatedmargins,markedhypogenicity,
abrupt interface, and posterior acoustic enhancement. The pe-
riphery of the lesionwas hard on elastography.
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sions with ductal enhancement . The internal enhancement
washomogenous (2/4), heterogeneous (1/4)ormicronodular
(1/4). The principal imaging differences between TNandHER-
positive/HER-negative tumorsare summarized in supplemen-
tal online Table 1.

DISCUSSION
Although constituting only a relatively small proportion of
breast cancers, TN tumors are aggressive in nature and re-
sponsible for a large proportion of breast cancer deaths.
Nearly all (98%) of the TN cancers in our retrospective single-

center study were of intermediate or high grades, which is
similar toprevious reports [3,7]. TNcancerswere larger in size
and affected younger women more often than the control
group of HR-positive/HER-2-negative tumors. In addition, we
found that nearly half of the patients with TN cancers (46.7%)
hadpreviously presented toaprimary carepractitionerwith a
breast lump, comparedwith less than aquarter of thewomen
withHR-positive/HER-2-negative tumors. Thisdifference sup-
ports previous reports that, compared with other pheno-
types, TN tumors are more likely to be detected clinically by
the patient or physician than radiographically bymammogra-
phy or ultrasound [14]. Early detection of these tumors is im-
portant, and it should be noted that more than 12% of TN
tumorswere occult onmammography and 6%were occult on
ultrasound. This is in agreement with the report by Dogan et
al. of 9%of TN tumors thatwereoccult onmammography and
6%occult on sonography [6].

Mammography
Our results support previous reports showing that most TN
and HR-positive/HER-2-negative cancers are seen as masses
in differences in the frequency of negative mammograms or
architecturaldistortions.For tumorspresentingasmasses,we
found striking differences in characteristics between TN can-

Table 3. Ultrasonography results and findings for breast cancer according to the tumor phenotype: TN (n� 105) or ER�/PR�/
HER- (n� 105)

Ultrasound findings TN cancer ER�/PR�/HER-2- p value

Result, n (%)

Normal 6 (5.7) 12 (11.4)

Abnormal 99 (94.3) 93 (88.6) .09

Type, n (%)

Non-mass lesions 6 (6) 7 (7.5)

Mass-like lesions 93 (93.9) 86 (92.5) .903

Mass shape, n (%)a

Round 16 (17.2) 4 (4.7)

Oval 45 (48.4) 16 (18.6)

Irregular 32 (34.4) 66 (76.7) �.001

Massmargins, n (%)a

Circumscribed 5 (5.4) 4 (4.7)

Microlobulated 39 (41.9) 11 (12.8)

Indistinct 26 (28) 25 (29.1)

Angular 19 (20.4) 34 (39.5)

Spiculated 4 (4.3) 12 (14) �.001b

Lesion boundary, n (%)

Abrupt interface 61 (65.6) 44 (51.2)

Echogenic halo 32 (34.4) 42 (48.8) .05

Posterior feature, n (%)

Shadowing 21 (22.6) 45 (52.3)

Enhancement 31 (33.3) 3 (3.5)

No features 41 (44.1) 38 (44.2) �.001c

Mass size,mm,median (range)a 16 (5–100) 11.5 (5–60) �.001
aFormass-like lesions only (TN: n� 93; HR�/HER-2-: n� 86).
bProportions ofmicrolobulated and circumscribedmargins comparedwith proportions of indistinct, angular, or spiculatedmargins.
cCategories “Enhancement” and “No features”were grouped together to allow adequate group size for comparison.
Abbreviations: ER, estrogen receptor; PR, progesterone receptor; TN, triple negative.

Table 4. Pattern on ultrasound formasses according the
tumor phenotype: TN (n� 93); ER�/PR�/HER- (n� 83)

Pattern TN n (%)
ER�/PR�/
HER-2-n (%) p value

Non-masses (hypoechoic) 3 (3.2) 0

Hyperechoicmass 1 (1.1) 3 (3.6)

Hypoechoicmasses 46 (49.5) 71 (85.5)

Markedly hypoechoicmass 43 (46.2) 9 (10.8) �.001

Abbreviations: ER, estrogen receptor; PR, progesterone receptor;
TN, triple negative.
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cers and HR-positive/HER-2-negative breast cancers. In our
study, 67.7% of TN cancers were seen as round, oval, or lobu-
lated masses, compared with 70% [10] to 75% [11] in previ-
ously reports. We found circumscribed margins in the TN
lesions less often than was described in other studies [10.8%
vs. 24% [4] to 43% [11]. In our study, circumscribed margins
occurred in similar rates in TN and HR-positive/HER-2-nega-
tive tumors . Of TN tumors, 61.5% showed indistinct margins.
This is a much higher rate than HR-positive/HER-2-negative
tumors and higher than other reports, which range from 32%
[4] to45%[11]. Thisdifferencecouldbetheresultofvariability
among clinicians’ interpretations of findings, or differences in
patients’ ages in previous reports and in our study (e.g., pa-
tients in the study by Yang et al. had amedian age of 32 years
for example) [11]. The characteristic of round-shapedmasses
reflects an aggressive, rapidly proliferating tumor [15] with
pushingmargins [10] without any stromal reaction.

TNcancers reportedly haveassociatedmicrocalcifications
less frequently than other phenotypes [7, 10, 11]. It should be
noted that among the seven non-ductal TN tumors, two inva-
sive apocrine cancers appeared as spiculatedmasseswithmi-
crocalcifications. Ko et al. suggested that TN cancers have a
more rapid pattern of carcinogenesis that leads directly to in-

vasive cancer, with nomajor in situ component or precancer-
ous stage [7]. In our series, we found 12% of TN cancers
revealed by a cluster of microcalcifications, which is higher
than the rate generally reported in the literature (0%–9%) [7,
10, 11]. However, this may be explained by a smaller propor-
tion of patients in our studywith BRCAmutations.

In our study, mammogramswere normal for 12.4% of the
TN tumors and 9.5% of the HR-positive/HER-2-negative tu-
mors. Using the same equipment we used, Ko et al. reported
nooccult TN tumorsand2%–4%occult tumors in the twocon-
trol groups [7]. A negative or normal mammogram can be ex-
plainedbythepresenceofdensebreast tissueandbytherapid
progression of these types of tumors that is not accompanied
by architectural distortion.

Sonography
Masses were observed on ultrasound in most of tumors for
both TN and HR-positive/HER-2-negative phenotypes, in
agreement with a previous report by Au-Yong et al. [16]. The
major differences observed between TN and HR-positive/
HER-2-negative tumors on sonography were that TN tumors
hadhigher rates of roundor oval shapes, circumscribedormi-
crolobulated margins, and no posterior acoustic features or

Table 5. MRI findings in TN (n� 17) and HR� (n� 12) cancers showingmass-like contrast enhancement

MRI findings TN ER�/PR�/HER-2- p value

T2 signal, n (%)

Hyposignal 9 (52.9) 12 (100)

Hypersignal 7 (41.2) 0

Unknown 1 (5.9) 0

Mass shape, n (%)

Round 1 (5.9) 1 (8.1)

Oval 3 (17.6) 1 (8.3)

Lobulated 4 (23.5) 2 (16.7)

Irregular 9 (52.9) 8 (66.7) .70a

Massmargins, n (%)

Smooth 4 (23.5) 1 (8.3)

Irregular 11 (64.7) 5 (41.7) .22b

Spiculated 2 (11.8) 6 (50)

Internal enhancement pattern, n (%)

Rim 10 (58.8) 1 (8.3)

Heterogeneous 1 (5.9) 2 (16.7)

Homogeneous 6 (35.3) 9 (75) .005c

Kinetics, n (%)

Curb 3 (washout) 7 (41.2) 5 (41.7)

Curb 2 (plateau) 10 (58.8) 6 (50)

Curb 1 (progressive) 0 (0) 1 (8.3)

BI-RADS classification, n (%)

4 2 (15.4) 4 (19.0)

5 11 (84.56) 17 (81.0)

Medianmass size,mm (range) 11.5 (6–28) 18 (8–60) .056
aRound, oval, and lobulated numberswere grouped together to ensure adequate group size for comparison.
bSmooth and spiculated numberswere grouped together to ensure adequate group size for comparison.
cHeterogeneous and homogeneous numberswere grouped together to ensure adequate group size for comparison.
Abbreviations: BI-RADS, Breast Imaging-Reporting and Data System; ER, estrogen receptor; HR, hormone receptor;MRI,magnetic resonance
imaging; PR, progesterone receptor, TN, triple negative.

808 Imaging Features of TN vs. HR-Positive Breast Cancers

©AlphaMed Press 2013

CM
E



posterior enhancement than HR-positive/HER-2-negative tu-
mors. Echogenicity was also more markedly hypoechoic for
TN tumors. These distinctive features should indicate the
presence of a TN tumor, in contrast to irregular shapes; indis-
tinct, angular, or spiculatedmargins; andechogenichalos that
are more indicative of HR-positive/HER-2-negative tumors.
The rate of circumscribed margins in our study is somewhat
lower than that reported in the literature [5.4%vs.27%to57%
[7, 10]] and the occurrence of microlobulated margins was
somewhat higher in our study (41.9% vs. 9% to 33%). This dif-
ference could be the result of variations in how observers use
the BI-RADS classification, with Ko et al. using the term “irreg-
ular shape” for masses that wewould instead have described

as “oval with microlobulated margins” [7]. Differences may
alsobe the resultof theultrasoundequipmentused. Someau-
thors recognize that their results may have been different us-
ing more modern equipment [16]. Some of the TN cancers
might have also been misinterpreted as benign, similar to
other subtypes of high-grade tumors and familiar breast can-
cers [6, 17].Our results highlight theneed to correctly identify
microlobulatedmargins, which are poorly described in the lit-
erature, but whichmay help characterize amalignant tumor.

We did not find a significant difference between the pre-
sentation of lesion boundaries on TN or HR-positive/HER-2-
negative tumors, compared with Ko et al., who reported an
abrupt interface in 84% of TN cancers compared with 64% in

Figure 2. Imaging studies of a 32-year-old woman with a palpable lump in her right breast corresponding with triple-negative ductal
invasive carcinoma. (A):Mammogram (mediolateral oblique view) shows an oval-shaped mass with indistinct margins. (B): Sonogram
shows anoval-shapedmasswith circumscribedmargins, hypogenicity, abrupt interface, posterior acoustic enhancement, and diffusely
increased vascularity. (C): Axial T2-weighted magnetic resonance imaging (MRI) shows hyperintense oval mass with smooth margins.
(D):Axial T1-weighted early phase dynamic contrast-enhancedMRI showsmasswith rim enhancement.
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ER-positive/PR-negative/HER-negative tumors and an echo-
genic halo in 36% of ER-positive/PR-negative/HER-negative
tumors [7]. Thehalo is thought to represent theappearanceof
a stromal reaction, which is poor or absent in TN tumors. Ul-
trasound technologymay aid in its detection.

The presence of tumor vascularity on color Doppler has
been reported only once previously, by Kojima and Tsunoda
[4], who reported 90% vascularity, which is somewhat higher
thantherate found inourstudy(38%forTNcancersand36.7%
for HR-positive/HER-2-negative cancers). SWE allows mea-
surementof thepropagationspeedofSWsthroughout tissues
to locally quantify the stiffness of tissue in kilopascals per sec-
ond and improves the specificity of breast ultrasound.We are
not aware of any study about quantitative elastography spe-
cifically for TN cancers.

MRI
In agreement with Youk et al. [18], we identified several dis-
tinctive featuresofTNtumorsonMRI, including irregularmar-
gins; a higher rate of round, oval, or lobulated shapes (as in
sonography or mammography); high intratumoral signal in-
tensity; and the presence of rim enhancement. Rim enhance-
ment, generally reported as relatively infrequent across all
tumors and as having high positive predictive value formalig-
nancy [19], was much more common in TN tumors (10/17)
than in HR-positive/HER-2-negative tumors (1/12) in our se-
ries. HR-positive/HER-2-negative tumors in contrast showed
morehomogenousenhancement.We found thatmorpholog-
ical criteria on MRI were more suspicious compared with
those of mammography and ultrasound: the most frequent
findings on MRI were a round or an oval contrast-enhanced
mass with irregular or spiculated margins and rim enhance-
ment, which is similar to the findings of Dogan et al. [6].

This single-center retrospective study has some limita-
tions. First,wedonotmention thesensitivityandspecificityof
the different imaging modalities because the majority of pa-
tients were symptomatic at presentation, and the reviewing
radiologistswere not blinded to the patient information or le-
sion pathology. Second, the small size of patients with color
Doppler studies and elastography limits the statistical signifi-
canceof thedataobtained. Further evaluationof thediagnos-
tic efficacy of elastography, MRI, and functional imaging is

warranted. In addition, the small number of patients for
whom genetic mutations were tested should be noted. Only
those with familial histories are recommended for genetic
testing in our institute. Our rate of 2% of BRCA1 mutations
mayunderestimate real rates. In recent reports specifically in-
vestigating the prevalence of BRCA mutations in an unse-
lected population of women with TN breast cancer, BRCA1
mutationswere found in 6.5% [19–21].

CONCLUSION
The presence of triple negative breast cancer is suggested by
noncalcified mammography masses that are seen as a mark-
edly hypoechoic masses with microlobulated margins across
combined imaging modalities. The radiologist must be aware
that this subtypeof cancer canmimic lesionswithbenignmor-
phologies. Improved recognition and detection onmammog-
raphy and ultrasound imaging should add to a better
understanding of the biological behavior of the disease entity
and should lead to rapid pretreatment planning.
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