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Predictors of Malignancy in Hyperechoic
Breast Lesions

rom the days when sonography was solely used to differen-
tiate solid from cystic lesions and when all solid lesions were
subjected to tissue diagnosis, our understanding of breast

masses has substantially evolved. With the use of the American
College of Radiology Breast Imaging Reporting and Data System
(BI-RADS) descriptors, breast radiologists are now able to predict
with a high degree of confidence the benign or malignant nature of
breast lesions, hence decreasing the rate of missed cancers as well as
unnecessary biopsies.

One subgroup of breast lesions, hyperechoic masses, has been
traditionally thought of as almost synonymous with benignity.
Recent studies, however, are increasingly stressing on the fact that
although very rare, breast cancers may occasionally be hyperechoic.1…5
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ORIGINAL RESEARCH

Objectives„Hyperechogenicity has been strongly associated with benign breast lesions.
Although it is correct in most cases, hyperechogenicity must not always be considered
synonymous with benignancy, as hyperechoic breast cancers do occur. The purpose of
this study was to review clinical and imaging characteristics of hyperechoic breast lesions,
looking for features associated with malignancy.

Methods„Institutional Review Board approval was granted for this research. A total of
19,417 sonographic examinations were performed between January 2009 and June 2013.
Among these, hyperechoic lesions with histologic diagnoses, stability on long-term follow-
up, or characteristic imaging appearances were included in the study. The patients• clin-
ical charts, mammograms, and sonograms were reviewed. The clinical and imaging
features were recorded, and the data was analyzed by the ��2 test, Fisher exact test, and
independent-samplest test, looking for statistically significant predictors of malignancy.

Results„Among the 19,417 scans, 42 patients (0.2%) with 44 hyperechoic lesions were
identified. Twenty-six lesions fulfilling the inclusion criteria were included in the study:
5 malignancies (3 invasive ductal carcinomas, 1 invasive lobular carcinoma, and 1 invasive
mucinous cancer) and 21 benign lesions. An irregular shape, a nonparallel orientation,
and noncircumscribed margins were significantly associated with the risk of malignancy
(P= .002, .02, and .01, respectively). 

Conclusions„A hyperechoic breast lesion must not always be assumed to be benign.
Instead, a full sonographic assessment according to the American College of Radiology
Breast Imaging Reporting and Data System descriptors is needed for correct charac-
terization and avoidance of misdiagnosis.
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As such, a more thorough understanding of this category of
breast lesions is needed to avoid misdiagnosis. To our
knowledge, the sonographic features of hyperechoic breast
cancers have only rarely been studied.6,7An irregular shape,
a nonparallel orientation, noncircumscribed margins, and
the presence of a hypoechoic area within the lesion show
a statistically significant association with malignancy. This
article intends to review the clinical characteristics and
sonographic features of benign and malignant hyperechoic
lesions encountered over 4 years to study the repro-
ducibility of previously demonstrated correlations and
evaluate other possible predictors of malignancy.

Materials and Methods

The Institutional Review Board at the American University
of Beirut Medical Center granted approval for this retro-
spective study, and informed consent for publication of the
manuscript and the figures was waived. No identifiable
information was used in the manuscript or on the figures.

A picture archiving and communication system search
was conducted for reports of breast sonographic examina-
tions performed between January 2009 and June 2013,
looking for those mentioning •hyperechoicŽ or •echogenicŽ
breast lesions. During this period, sonographic examina-
tions were performed with a 5…13-MHz linear transducer

and an Acuson Antares ultrasound system (Siemens Medical
Solutions, Mountain View, CA). In concordance with the
BI-RADS lexicon, hyperechogenicity was defined in our
study as echogenicity greater than that of the subcutaneous
fat.8The presence of hypoechoic components larger than
5 mm within hyperechoic lesions has prompted some
authors to classify them as having mixed echogenicity
rather than as hyperechoic lesions3; however, as there is no
general consensus in this regard, and to maintain compa-
rability with previous studies, lesions with a maximum of
30% hypoechoic components were included in the study
and considered to have heterogeneous internal echogenic-
ity, in contradistinction to those showing homogeneous
hyperechogenicity (Figure 1).

Lesions that had histologic diagnoses (obtained from
ultrasound-guided 14-gauge core biopsies) or those deter-
mined to be benign based on follow-up imaging over at
least 2 years or that had pathognomonic imaging appear-
ances (mammography revealing a typical oil cyst with rim
calcifications and a pathognomonic hyperechoic appear-
ance with a snowstorm pattern of a silicone granuloma)
were included in the study. When mammograms were
available, they would usually be reviewed by the radiologist
before performing the sonographic examination. The avail-
able mammograms were also retrospectively reviewed by
the authors.
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Figure 1. Homogeneous (A) and heterogeneous (B) hyperechoic breast lesions (arrows). A, Transverse sonogram obtained during screening of a
woman with breast implants. Biopsy of the hyperechoic mass showed fat necrosis. B, Transverse sonogram of a palpable lesion in a young woman.
Biopsy showed sclerosing adenosis.



The following imaging features were retrospectively
reviewed: size, margins, shape, orientation, posterior
acoustic features, internal echo texture, presence of a cor-
responding mammographic abnormality, and its nature
when present. The patients• charts were reviewed; the age
of the patient, indication for sonography, presence of a pal-
pable lesion, and presence of a personal or family history of
breast cancer were noted.

Statistical analyses using the ��2 test, Fisher exact test
and independent-samples t test were performed, looking for
any significant correlation between the studied clinical and
sonographic features and a diagnosis of malignancy. A P
value of less than .05 was considered statistically significant.

Results

A total of 19,417 whole-breast sonographic examinations
were performed during the studied period. Forty-four
hyperechoic lesions in 42 patients (0.2% of patients) were
identified (1 patient with 3 lesions and 41 patients with 1
lesion each). The sonograms of 7 patients were not avail-
able for review, and 11 patients were lost to follow-up.
Thus, the study sample consisted of 26 lesions in 25 patients
(24 women and 1 man) between 23 and 72 years of age
(mean, 46.2 years). The lesions ranged in size between 4 and
35 mm (mean, 15.08 mm).

Twenty of the studied lesions underwent ultrasound-
guided core biopsy. At the final histologic analyses, there
were 15 benign lesions (fibroadenoma [n = 2], fat necrosis
[n = 2], sclerosing adenosis [n = 2], benign breast tissue
[n = 2], intracystic papilloma [n = 1], fibrocystic changes

[n = 1], angiolipoma [n = 1], lipoma [n = 1], focal fibrosis
[n = 1], myofibroblastoma [n = 1], and pilomatricoma
[n = 1]) and 5 malignant lesions (invasive ductal carcinoma
[n = 3], invasive lobular carcinoma [n = 1], and invasive
mucinous cancer [n = 1]).

Three lesions were diagnosed as benign by stable size on
follow-up (2 probable lipomas in 1 patient and 1 hamartoma
in 1 patient, which were stable for 2 and 7 years respectively).
Three hyperechoic lesions had typical benign imaging
characteristics and were classified as BI-RADS category 2,
so a biopsy was not performed (2 silicone granulomas
showing the typical hyperechogenicity with the snowstorm
pattern and 1 oil cyst with characteristic rim calcifications;
Figure 2).

The clinical features of the study sample are described
in Table 1. Sonographic examinations were performed for
screening purposes in 10 cases and for diagnostic purposes
in 15. Mammograms were available for 21 cases, 9 of which
showed corresponding abnormalities (masses [2 invasive
ductal carcinomas, 1 invasive mucinous carcinoma, 1
fibroadenoma, 1 myofibroblastoma, 1 silicone granuloma,
and 1 hamartoma], focal asymmetry with architectural
distortion [invasive ductal carcinoma], and rim calcifica-
tions [oil cyst]). Mammographic findings were negative in
12 cases. Five of these had suspected palpable masses on
physical examination (2 cases of benign breast tissue, 1
focal fibrosis, 1 pilomatricoma, and 1 probable lipoma).
The remaining 7 lesions, including 1 malignancy (invasive
lobular carcinoma), showed no suspicious features on
physical examination and as such were considered purely
sonographic (Figure 3). The malignancy was not palpable
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Figure 2. Images from a patient with a history of left mastectomy and right breast reduction. A, Screening sonogram showing a circumscribed homo-
geneous hyperechoic nodule (arrows) with a nonparallel orientation. B, Craniocaudal mammographic view showing a fatty lesion with typical rim cal-
cifications, consistent with an oil cyst. The lesion was classified as BI-RADS category 2. C, Sonogram obtained 2 years later showing liquefaction,
now with a cystic appearance of the lesion, confirming its benign nature.



and showed a heterogeneous internal echo texture and
noncircumscribed borders. Although this malignancy itself
was not evident on the mammogram, it was suspected
because of the presence of axillary adenopathies.

Most of the examined patients reported no personal
or family history of breast cancer (15 patients). A personal
history of breast cancer was present in 4 cases and 2 women
had a positive family history of breast cancer, 1 in her
daughter and the other in her sister. Data were not available
for the rest of the examined patients.

The imaging characteristics of the studied lesions are
described in Table 2. There was a statistically significant
difference in the sonographic appearances of benign and
malignant lesions; an irregular shape, a nonparallel orien-
tation, and noncircumscribed margins were significant pre-
dictors of malignancy. Although malignant lesions were
more likely to show a heterogeneous internal echo texture
than benign lesions and more likely to show a correspon-
ding mammographic abnormality, these factors did not
reach statistical significance. The size of the lesion, poste-
rior sound transmission, presence of a palpable lesion, and
presence of a personal or a family history of breast cancer did
not correlate with an increased risk of malignancy.

Discussion

Hyperechogenicity is a rare feature reported on breast
sonography, especially in cancerous lesions.6,9 In fact,
hyperechogenicity has been described as one of the most
reliable predictors of benignity,10with its negative predic-
tive value for cancer reported as 100%.11Several studies
have shown similar findings. In their series of 403 lesions,
Hong et al12 found only 6 hyperechoic masses, none of
which were malignant. Similarly, no cancer was found
among 10 hyperechoic masses in a series of 256 masses by
Del Frate et al.9 Although very rare, hyperechoic cancers
do, however, occur and may account for 0.4% to 2% of all
breast cancers. The increased echogenicity may be seen as
a thick peripheral halo surrounding a hypoechoic center
(Figure 3).2,6,7
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Figure 3. BI-RADS category 5 palpable left breast mass. Mammography also showed enlarged right axillary adenopathy but no suspicious right breast
lesion. A, Sonogram showing a heterogeneous hyperechoic lesion with noncircumscribed margins and a parallel orientation. B, Cropped lateral
view of the right breast after biopsy. The dense dot within the red circle represents the clip marker deployed within the lesion after biopsy. The lesion
was not apparent on mammography. Biopsy showed invasive lobular carcinoma.

Table 1. Clinical Characteristics of the Study Sample

Characteristic Malignant Benign P

Age, y 52.60 ± 12.30 44.67 ± 14.81 .280
Palpable lesion >.999
Absent 2 (50.0) 9 (50.0)
Present 2 (50.0) 9 (50.0)

Personal history .530
Absent 4 (100) 11 (73.3)
Present 0 (0) 4 (26.7)

Family history >.999
Absent 4 (100) 11 (84.6)
Present 0 (0) 2 (15.4)

Indication >.999
Screening 2 (40.0) 8 (45.0)
Palpable nodule 2 (40.0) 9 (40.0)
Suspected lesion on 

mammography 1 (20.0) 2 (10.0)
Evaluation of MRI-detected 

lesion 0 (0) 1 (5.0)

Data are presented as mean ± SD and number (percent). Data were
not available for all patients. MRI indicates magnetic resonance
imaging.



J Ultrasound Med 2016; 35:783…790 787

Nassar et al„Predictors of Malignancy in Hyperechoic Breast Lesions

A hyperechoic appearance of breast cancer is thought
to be related to an increase in the acoustic interfaces due to
the heterogeneity of the tumor in contrast to the homoge-
neous breast, leading to an increase in the reflected
echoes.4 This appearance can be seen mainly in invasive
lobular cancer because of its typical infiltrative growth pat-
tern, which has been described as rows of single cells in the
surrounding parenchyma and as concentric rings around
normal ducts.13This feature is also seen in other histologic
types with tumor cellular heterogeneity, such as cribriform,
tubular, solid-nest, and scirrhous patterns.14

A hyperechoic appearance of cancer carries no spe-
cific implications with regard to the prognosis.3Although
invasive lobular cancer has been previously described as
being 10 times more likely to be hyperechoic than invasive
ductal carcinoma,15only 1 invasive lobular cancer was diag-
nosed among the 5 malignancies in our study.

In complex cystic lesions of the breast, hyperechogenic-
ity is a significant predictor of malignancy.16Only 2 of our
lesions appeared as echogenic intracystic masses; these
turned out to be an intraductal papilloma and fibrocystic
changes with apocrine metaplasia. No malignancy in our
series appeared as a complex cystic lesion (Figure 4).

Table 2. Imaging Characteristics of the 26 Hyperechoic Lesions

Characteristic Malignant Benign P

Size, mm 22.80 ± 11.90 13.24 ± 6.69 .149
Shape .002
Oval 1 (20.0) 18 (85.7)
Irregular 4 (80.0) 1 (4.8)
Round 0 (0) 2 (9.5)

Orientation .020
Parallel 1 (20.0) 17 (81.0)
Nonparallel 4 (80.0) 4 (19.0)

Margins .010
Circumscribed 1 (20.0) 18 (85.7)
Noncircumscribed 4 (80.0) 3 (14.3)

Internal echo texture .628
Homogeneous 1 (20.0) 8 (38.1)
Heterogeneous 4 (80.0) 13 (61.9)

Posterior sound transmission >.999
None 4 (80.0) 14 (66.7)
Shadowing 1 (20.0) 6 (28.6)
Enhancement 0 (0) 1 (4.8)

Correlative lesion on 
mammography .119

Absent 1 (20.0) 11 (68.8)
Present 4 (80.0) 5 (31.3)

Data are presented as mean ± SD and number percent. Mammograms
were available for 21 cases.

Figure 4. Transverse sonogram (A) and Doppler scan (B) showing an intracystic vascular hyperechoic mass, which was found by biopsy to repre-
sent fibrocystic changes with apocrine metaplasia.
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Figure 5. A, Transverse sonogram obtained for assessment of a suspicious mass (arrows) seen on mammography (B), appearing as an irregular het-
erogeneous noncircumscribed hyperechoic mass. The central shadowing seen on the sonogram is related to the postbiopsy clip marker deployed
within the mass. Biopsy showed invasive mucinous cancer. 

One of our malignant hyperechoic masses was a muci-
nous carcinoma. The sonographic appearance of mucinous
cancer may vary depending on whether the tumor is a pure
or mixed carcinoma.17However, lesions are usually typically
either isoechoic or hypoechoic.17,18Hyperechoic mucinous
cancers have only rarely been described (Figure 5).6,7

It is important to keep in mind other types of breast
malignancies, which we did not encounter in our study
but that could also appear as hyperechoic breast lesions.
These include lymphoma, angiosarcoma, liposarcoma, and
metastases to the breast. Lymphomas account for about
0.15% of malignant breast lesions,19with secondary breast
lymphomas being more common than primary disease.20

They appear predominantly hypoechoic,21occasionally
almost pseudocystic, but may also be shown as hyper-
 echoic masses in up to 23% of cases.22Lymphoma in the
breasts lacks spiculations, architectural distortion, and cal-
cifications, therefore allowing differentiation from primary
breast carcinoma.21Angiosarcoma is rare; it may present as
either a primary malignancy in younger women or may be
secondary to lymphedema or irradiation.23In their review
of 26 mammary angiosarcomas, Yang et al24 found that
62% of these lesions appeared as focal masses. Of these,
54% were hyperechoic or of mixed echogenicity. Liposar-
coma is also a rare primary sarcoma of the breast that is
most aggressive when affecting young pregnant or lactating

women.25This tumor usually appears as a complex echo -
genic mass.4 Metastases to the breast, typically from
melanoma, may also appear hyperechoic.5,26

As previously demonstrated by Linda et al6and Nam
et al7we found that noncircumscribed margins, an irregu-
lar shape, and a nonparallel orientation occurred signifi-
cantly more frequently in malignant lesions. Although a
heterogeneous internal echo texture occurred relatively
more frequently in malignant lesions, which were also more
likely to show corresponding mammographic abnormali-
ties, this characteristic did not reach statistical significance.
Stavros et al11 noted that the 100% negative predictive
value of hyperechogenicity can be only reached if strictly
applying the condition of a homogeneously hyperechoic
lesion; we did, however, encounter a case of invasive duc-
tal cancer with a homogeneously hyperechoic pattern
(Figure 6).

What is remarkable, however, is that the 3 statistically
significant features that correlated with malignancy among
the studied hyperechoic masses (irregular shape, nonpar-
allel orientation, and noncircumscribed margins) are well-
demonstrated risk factors for malignancy among hypoechoic
breast lesions. This finding implies that regardless of the
echogenicity of the mass, sonographic assessment should
be the same, and evaluation of all of the BI-RADS descrip-
tors is important to correctly categorize the lesions.



We recognize the limitations of our study. First, it was
a retrospective evaluation of previously acquired static
images collected by a search of patient reports, whereby
very benign-looking hyperechoic lesions might have not
been reported, hence increasing the rate of malignancies
in our study. Second, our patient sample was small, which
was directly related to the fact that hyperechoic lesions of
the breast are rare and limits the power of the conclusions
drawn from this study. Moreover, in the absence of a clear
definition of a hyperechoic lesion and to maintain compa-
rability with previous studies, we included lesions that were
heterogeneous but predominantly hyperechoic. We realize
that this factor might have affected our results.

In conclusion, hyperechoic lesions of the breast are
not always benign; an irregular shape, noncircumscribed
margins, and a nonparallel orientation are significant pre-
dictors of malignancy in predominantly hyperechoic lesions.
A full sonographic assessment according to the BI-RADS
descriptors must be performed to correctly characterize
and avoid misdiagnosis of rare hyperechoic breast cancer.
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