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Abstract
Purpose  To assess the role of ultrasound (US) in detecting and characterizing ductal carcinoma in situ (DCIS) of the breast 
and to investigate the correlation between ultrasonographic and biological features of DCIS.
Methods  In total, 171 patients (mean age 44; range 39–62) with 178 lesions were retrospectively evaluated by two independ-
ent radiologists searching for US mass or non-mass lesions. Immunohistochemistry analysis was performed to determine 
estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2) expression. 
The US detection rate and pattern distribution among the lesion types were evaluated. The χ2 test was used to evaluate the 
correlation between the US findings and the biological factors. Statistical significance was indicated by p values < 0.05. 
Inter-observer agreement was calculated by Kohen’s k test.
Results  US detected 35% (63/178) of all lesions. Fifty-two (83%) lesions were classified as mass lesions, and 11 (17%) as 
non-mass lesions (p < 0.0001). Among the mass lesions, the most common shape was irregular (79%; p < 0.0001), with 45 
(87%) lesions having indistinct margins. Hypoechogenicity was the most common echo pattern (49 cases, 94%; p < 0.0001). 
Microcalcifications were found in 23 cases (37%; p = 0.004) and were associated with mass lesions in 15 cases (65%) and 
with non-mass lesions in 8 cases (35%) (p = 0.21). An almost perfect inter-observer agreement (k = 0.87) was obtained 
between the two radiologists. A significant ER expression was found in mass lesions (83%; p < 0.0001), with no significant 
PR (p = 0.89) or HER2 expression (p = 0.81). Among the lesions with microcalcifications, only 7 out of 23 cases (30%) were 
positive for HER2 (p = 0.09).
Conclusion  DCIS represents a heterogeneous pathological process with variable US appearance (mass-like, non-mass-like, 
or occult). The most common US finding is represented by mass-type, hypoechogenic lesions with indistinct margins. A 
significant ER expression exists among mass-type lesions, while microcalcifications seem not to be associated with HER2 
expression.
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Introduction

Ductal carcinoma in situ (DCIS) of the breast represents a 
neoplastic proliferation of epithelial cells of the ducto-lobu-
lar unit not exceeding the basement membrane. DCIS is con-
sidered to be a true (non-obligatory) precursor of invasive 
breast cancer [1–3]. It is classified according to the architec-
tural model (solid, cribriform, papillary, micropapillary, and 
comedogenic type), tumor grading (high, intermediate, and 
low), and the presence or absence of necrosis. The advent of 
mammography screening has led to a dramatic increase in 
the diagnosis of early-stage breast cancer—including DCIS, 
going up from 5 to 25%—and its incidence is increasing in 
young women [4].
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The most typical finding of DCIS is the presence of 
clusters of microcalcifications in asymptomatic patients 
(50–75% of cases) [4–7]. Other manifestations include a 
soft-tissue opacity either with or without associated calci-
fications, areas of architectural distortions, and focal asym-
metry. Ultrasound (US) has been shown to be helpful in 
detecting DCIS in patients with dense breasts and in DCIS 
presenting without microcalcifications [8]. Technological 
advances in US have improved the ability not only to char-
acterize mammographic lesions and asymmetries but also 
to detect calcifications, visible as intralesional or intraductal 
hyperechoic foci.

Although it is impossible to predict whether DCIS will 
progress to invasive disease, biological markers, such as the 
estrogen receptor (ER), the progesterone receptor (PR), the 
human epidermal growth factor receptor 2 (HER2), and the 
Ki-67 index, can provide useful information for predict-
ing the biological response, pathologic progression, treat-
ment response, and tumor recurrence in patients with DCIS 
[9–12].

The purpose of this study is to evaluate the role of US in 
detecting and characterizing breast DCIS and to investigate 
the correlation between ultrasonographic and biological fea-
tures of DCIS.

Methods

Patients

From December 2015 to November 2019, the US features 
of all patients registered in our Breast Unit database with 
histological diagnosis of pure DCIS were retrospectively 
evaluated. Thirty-six patients who did not undergo ultra-
sonography before surgical excision and 21 patients who 
had a histological confirmation of DCIS with micro-invasion 
after surgery were excluded. The final population included 
171 patients (mean age 44; range 39–62) with 178 lesions 
(7 patients with bilateral lesions) (Fig. 1).

Ultrasonographic examinations

The US investigation was performed on both breasts by two 
breast radiologists with 10 years of experience in breast 
imaging, using a broadband 5–12-MHz linear array trans-
ducer (MyLab7, Esaote). A radial US technique from the 
periphery to the areolar region was used for both breasts. For 
each identified lesion, images were obtained on the axial and 
vertical planes. The US findings were described according 
to the lexicon of the American College of Radiology Breast 
Imaging Reporting and Data System (BI-RADS) [13]. In 
addition, to facilitate the description of the findings, the 
lesion pattern was classified as a mass, a non-mass, or an 
ultrasonographic occult lesion according to the guidelines 
of the Japan Society of Ultrasonics in Medicine [14]. Mass 
lesions consisted of well-defined and distinct lesions that 
stood out from the surrounding tissues, non-mass lesions 
were defined as space-occupying lesions (visible in two dif-
ferent US views) with no shape and well-defined margins 
(such as ductal changes and architectural distortions), and 
occult lesions were defined as lesions that were identified 
by mammography but that were not clearly recognizable on 
the US images. Mass lesions were analyzed in terms of size, 
shape, margin, echo pattern, and orientation. The presence 
of associated microcalcifications with mass or non-mass 
lesions was also assessed.

Histologic analysis

The following biological markers were examined by immu-
nohistochemistry analysis as part of the routine pathologic 
assessment: ER, PR, and HER2 expression. ER and PR 
expression were considered positive if > 1% [1]. HER2 
expression was scored as 0 (no staining), 1 + (weak and 
incomplete membrane staining), 2 + (strong, complete mem-
brane staining in ≤ 30% of tumor cells or weak/moderate 
heterogeneous complete staining in ≥ 10% of tumor cells), 
or 3 + (strong, complete membrane staining in > 30% of 
tumor cells). When the score was 2 +, we used silver in situ 

Fig. 1   Inclusion and exclusion 
criteria. DCIS ductal carcinoma 
in situ
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hybridization, and the staining was considered positive if 
the ratio of HER2 gene copies to chromosome 17 signals 
was > 2.

Statistical analysis

The US detection rate and pattern distribution among the 
lesion types were evaluated. Statistical analysis was per-
formed by comparing mass-type and non-mass-type lesions. 
The χ2 test was used to evaluate the correlation between the 
US findings and the biological factors. Statistical signifi-
cance was indicated by p values < 0.05. Inter-observer agree-
ment was calculated by Kohen’s k test. All calculations were 
performed using NCSS2007® statistical software.

Results

In total, 115 out of 178 (65%) lesions were defined as US 
occult with a US detection rate of 35%. Of the remaining 63 
lesions detected by US, 52 (83%) were classified as mass 
lesions (Figs. 2 and 3) and 11 (17%) as non-mass lesions 
(6 with architectural distortions, 5 with ductal distortions) 
(p < 0.0001; Fig. 4). In 10 patients (6%), breast lesions were 
identified only by US (Table 1). Regarding mass lesions, 
the most common shape was irregular (41 cases, 79%; 
p < 0.0001). In addition, 7 cases (13%) were round, and 4 
cases were oval (8%). Forty-five cases (87%) showed an 
indistinct margin, while only 7 cases (13%) showed circum-
scribed margins (p < 0.0001). Hypoechogenicity was the 
most common echo pattern (49 cases, 94%; p < 0.0001). The 
orientation of the mass was non-parallel in 31 cases (60%) 
and parallel in 21 cases (40%) (p = 0.21). Microcalcifications 
were found in 23 cases (37%; p = 0.004), and they were asso-
ciated with mass lesions in 15 cases (65%) and with non-
mass lesions in 8 cases (35%) (p = 0.21). An almost perfect 
inter-observer agreement (k = 0.87) was obtained between 
the two radiologists.

ER and PR expression showed a statistically significant 
difference (p < 0.0001) between mass-type and non-mass-
type lesions: 43 out of 52 (83%) mass-type lesions expressed 
these biological markers.

On the other hand, there was no statistically significant 
difference between the two lesions types regarding PR 
expression (37 out of 52 [71%] mass-type lesions, 7 out 
of 11 [63%] non-mass-type lesions; p = 0.89) and HER2 
expression (19 out of 52 [36%] mass-type lesions, 3 out of 
11 [27%] non-mass-type lesions; p = 0.81).

Among the lesions with microcalcifications, only 7 of 23 
cases (30%) were positive for HER2 expression (p = 0.09).

Discussion

The US features of DCIS have previously been described in 
the medical literature [15–19].

Scoggins et al. [8] evaluated the US appearance of 691 
cases of pure DCIS and found that the most common sono-
graphic appearance of DCIS was an irregular hypoechoic 
mass with indistinct margins and normal posterior features. 
Similarly, other studies on the US appearance of DCIS have 
shown that most cases of DCIS appear as a mass with indis-
tinct margins [20–26]. Shin et al. compared the sonographic 
features of screening-detected and symptomatic DCIS; over-
all, the most common morphological lesion type was the 
mass type (84%) with irregular morphology and indistinct 
margins [18].

Regarding the comparison between symptomatic and 
screening patients, masses and associated ductal changes 
were more common in symptomatic patients, whereas asso-
ciated microcalcifications and posterior shadowing were 
mostly found in screening-detected DCIS. According to our 
results, the most common ultrasonographic appearance of 

Fig. 2   DCIS in a 46-year-old woman classified as a mass-like hypo-
echoic lesion with an oval shape and indistinct margins

Fig. 3   DCIS in a 52-year-old woman classified as a mass-like hypo-
echoic lesion with irregular margins
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pure DCIS was a mass-type lesion (83%, against 17% non-
mass-type lesions), which is concordant with the results of 
prior studies. Among the mass lesions, the most common 
features were irregular shape (79%), indistinct margins 
(87%), and hypoechogenicity (94%).

In our study, we found that 17% of all lesions were non-
mass like (duct changes and architectural distortions). 
Although these sonographic findings are suspicious, they 
may be subtle and overlap with the findings of both benign 
and malignant entities [24–26]. Regarding microcalcifica-
tions, they were visible in 29% of mass lesions, similar to 
what is reported by Cha et al. [26], and in 72% of non-mass 
lesions. In our study, we found a US recognition rate of 35%, 
which is lower than that reported in other studies [16–18]. 
It could be related to the studies’ different percentages of 
symptomatic patients; indeed, our study included only 
asymptomatic patients, while the percentages of sympto-
matic women reported in the studies by Scoggins et al. [8] 
and Park et al. [16] were 23% and 33%, respectively.

In our study, we evaluated the presence of statistically 
significant differences in the expression of biological 

markers (ER, PR, and HER2 positivity), which represent 
important prognostic factors, between mass- and non-
mass-type lesions. The only statistically significant dif-
ference was found in ER expression.

Moreover, unlike what was reported in the study by 
Cha et al. [26], in which microcalcifications found on 
ultrasonography scans showed a statistically significant 
correlation with HER2 positivity, we did not find such an 
association in our results.

Finally, our study confirms the role of US in breast 
imaging for characterizing breast lesions regardless of 
the age of patients, and more studies are needed to further 
investigate the potential role of US elastography in the 
field of DCIS diagnosis [27–30].

This study has several limitations. First, our study was 
limited by its retrospective nature. Second, there was likely 
a selection bias because not all patients with DCIS lesions 
underwent preoperative whole-breast sonography. Third, 
unlike other studies, our study did not assess the Ki-67 
index.

In conclusion, DCIS represents a heterogeneous patho-
logical process that can have a variable US appearance 
(mass-like, non-mass-like, or occult). The most common 
US finding is represented by mass-type, hypoechogenic 
lesions with indistinct margins. A significant ER expres-
sion exists among mass-type lesions, while microcalcifi-
cations seem not to be associated with HER2 expression.
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Fig. 4   DCIS in a 49-year-old 
woman classified as a non-
mass-like hypoechoic lesion 
with architectural distortion. a 
Axial plane. b Vertical plane

Table 1   Ultrasonographic features of ductal carcinoma in situ (DCIS) 
lesions

DCIS ultrasonographic features Number 
of lesions 
(n = 178)

Lesion patterns
Occult 65% (115/178)
Non-occult 35% (63/178)
Mass 83% (52/63)
Non-mass lesions 17%(11/63)
Microcalcifications 37% (23/63)
Mass like 29% (15/52)
Non-mass like 72% (8/11)
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Ethical approval  All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the insti-
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Informed consent  Informed consent was obtained from all individual 
participants included in the study.
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