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Abstract: Objective: To investigate the diagnostic efficiency of conventional ultrasonography on sclerosing adenosis
(SA), and SA involving ductal carcinoma in situ (SA-DCIS) of the breast. Methods: Clinical characteristics of 128
female patients with 136 lesions which were pathologically diagnosed as SA and SA-DCIS by ultrasonography (US)
in Rui Jin Hospital Shanghai Jiaotong University School of Medicine (2011-2015) were retrospectively analyzed. All
variables were analyzed by univariate and multivariate logistic regression analyses. The diagnostic efficiency of US
on differentiating malignant SA-DCIS lesions from benign SA lesions was analyzed by ROC curve. Results: Eighty-six
lesions in 81 patients were SA, and 50 lesions in 47 patients were SA-DCIS. A mass was visible in 70 (81.4%) SA
lesions and 46 (92.0%) SA-DCIS lesions. Univariate analysis showed that SA-DCIS lesions were more likely to be
larger and have an irregular shape, heterogeneous echogenicity, and high vascularity than SA lesions (all P<0.05).
Multivariate analysis indicated that a larger lesion size and high vascularity were significantly and independently
associated with SA-DCIS (both P<0.001). The sensitivity and specificity of US for differentiating malignant SA-DCIS
lesions from benign SA lesions were 92.0% and 81.4%, the area under the curve of US was 0.844. Conclusion: SA-

DCIS lesions are more likely to be larger and have higher vascularity than SA lesions verified with US.
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Introduction

Sclerosing adenosis (SA) of the breast is a
benign proliferative lesion on the terminal duct
lobular unit surrounded by stromal sclerosis.
Ductal carcinoma in situ (DCIS) of the breast is
a neoplastic proliferation of epithelial cells con-
fined to the ductal lobular system without tumor
invasion through the basement membrane [1].
DCIS can deteriorate from SA, which usually is
entirely surrounded by SA or at least focally
located in the same area; namely, SA involves
DCIS (SA-DCIS) [2]. However, which cases of SA
will progress into carcinoma remains unclear.
SA-DCIS may be an intermediate lesion [3].
Unlike SA, which is common in the breast and
has been reported with contradictory imaging
results in several previous studies [4], the clini-
cal and image appearances of SA-DCIS haven't
been well defined [5, 6]. To our knowledge now,
only Yoshida A et al. analyzed 24 SA-DCIS cases
and suggested that the rate of bilateral breast

cancer and the architectural distortion on
radiologic studies were higher in patients with
SA-DCIS than in those with non-SA DCIS [7].
The radiological difference between SA and
SA-DCIS has not been well documented, and it
is unclear whether certain image features have
prognostic value for malignant tumors.

With the increased awareness of breast health
protection in women in Shanghai, China, the
number of cases of SA and SA-DCIS detected
recently has been increasing. Although mam-
mography (MG) and magnetic resonance imag-
ing (MRI) can identify SA and SA-DCIS, ultraso-
nography (US) characterization is better toler-
ated, less expensive as well as having a simpler
and quicker detection process so it has become
an important screening tool in China [8-10].
Preoperative evaluation of US features could
help to select SA-DCIS patients who would ben-
efit from surgery. It is worthy to confirm that
conventional US can discriminate SA-DCIS from
SA in the breast.
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To date, no study has compared US character-
istics of SA and SA-DCIS. Therefore, the aim of
this study was to compare the ultrasonographic
features of SA-DCIS and SA to assess the dif-
ferentiating ability of US for SA-DCIS from SA.

Materials and methods
Study population

This retrospective study was approved by the
ethical review board of Rui Jin Hospital Shang-
hai Jiaotong University School of Medicine, and
all patients have provided informed consent.
The data for all SA and SA-DCIS (including DCIS
with microinvasion) lesions diagnosed by US in
our hospital were from January 2011 to June
2015. All these patients received surgical
resections and the lesions were pathologically
reexamined.

We excluded the cases that only had core nee-
dle biopsy results, SA lesions with a variety of
benign lesions, high-risk lesions or non-DCIS
malignant lesions. Ultimately, our cohort was
comprised of a total of 128 patients with 136
lesions.

Clinical information included the patient’ age,
menopausal status, hormonal replacement th-
erapy, family history of breast cancer and symp-
toms. Family history was classified as negative,
weak, or strong. A strong family history was
defined as at least one first-degree relative with
breast cancer before 50 years old, or two or
more relatives with breast cancer and at least
one of them was first-degree relative. Any less-
er degree of breast cancer of family history was
defined as weak [9].

Sonographic examinations

Real-time grayscale and color Doppler US were
performed with a Mylab 60 or Mylab 90 (Esaote,
Genoa, Italy) equipped with a 10-15-MHz trans-
ducer. All 128 patients with 136 lesions under-
went ultrasonographic examinations prior to
surgery. The sonographic examinations were
performed by 2 radiologists who had over 9
years of experience in breast US examination.
The ultrasonographic features of mass lesions
were examined according to the 2013 version
of the American College of Radiology Breast
Imaging Reporting and Data System (BI-RADS).
Non-mass lesions were assessed as architec-
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tural disorder (an area with disordered organi-
zation structure compared to normal breast tis-
sue) or a focal hypoechoic area.

The grayscale ultrasonographic features of
mass lesions were assessed according to the
size (maximum diameter), shape (round or oval
versus irregular), orientation (parallel versus
nonparallel to the skin), margins (circumscribed
versus uncircumscribed), echogenicity (homog-
enously hypoechoic versus homogenously hy-
per- or isoechoic versus heterogeneous), poste-
rior acoustic features (shadowing or combined
posterior acoustic features versus no posterior
acoustic features or enhancement), calcifica-
tions (absent versus present), and duct chang-
es (absent versus present). An uncircumscribed
lesion was defined as a mass with indistinct
margins that was spiculated, angular, or microl-
obulated. The color Doppler sonographic char-
acteristics were classified as absent blood flow
(no vascular flow in the mass or in the rim
around the mass), internal blood flow (orderly or
disorderly blood vessels present within the
mass or penetrating the margins of the mass),
vessels along the rim (blood vessels were mar-
ginal and formed part or all of the rim around
the mass), or combined, according to the BI-
RADS lexicon. Vascularity was defined as ab-
sent, low (internal or vessels in a rim vascular
flow distribution), and high (combined vascular
flow distribution).

Histological analysis

All surgical specimens were specifically revie-
wed by a pathologist (X.C.F.) with over 13 years
working experience to confirm the diagnosis
results of US on SA (SA was the sole or major
component in the specimens) and SA-DCIS (the
specimens in which DCIS was entirely sur-
rounded by SA or DCIS was present at least
focally in an area of SA).

Statistical analysis

Data analysis was performed with SPSS 20.0
statistical software (SPSS Inc., Chicago, IL,
USA). In the univariate analysis, continuous
variables are presented with mean + standard
deviation (SD) and the comparison between
groups were performed by independent sample
t test; quantitative variables are presented as
case number and percentage and the compari-
son between groups were performed by chi-
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Figure 1. Representative ultrasonography images from patients with SA and
SA-DCIS. A: Grayscale sonogram of SA shows an oval hypoechoic mass with
circumscribed margins (short arrows) and no shadowing posterior acoustic
features (long arrow); B: Grayscale sonogram of SA-DCIS shows an irregu-
larly heterogeneous mass with indistinct margins (short arrows) and micro-
calcifications (jagged arrow); C: Color Doppler ultrasonogram of SA shows
an irregularly hypoechoic mass with indistinct margins (short arrow) and
low vascularity (jagged arrow); D: Color Doppler ultrasonogram of SA-DCIS
shows an irregularly hypoechoic mass with indistinct margins (short arrows)
and high vascularity (jagged arrows). SA, Sclerosing Adenosis; SA-DCIS, SA

involving Ductal Carcinoma In Situ.

Table 1. Clinical characteristics of patients with SA and SA-DCIS

ed. P<0.05 was considered
statistically significant.

Results

Pathologic characteristics of
patients

All patients were female, with a
mean age of 48 years (range,
33-65 years). A total of 128
patients with 136 lesions in-
cluding 86 SA lesions in 81
patients and 50 SA-DCIS les-
ions in 47 patients were retro-
spectively analyzed. Five pati-
ents had bilateral SA, and 3
patients had bilateral SA-DCIS.
Six lesions in 6 patients were
SA-DCIS with microinvasion. Fi-
gure 1 shows representative
ultrasonography images from
patients with SA and SA-DCIS
and their clinical characteris-
tics are summarized in Table 1
(Patients were grouped accord-
ing to the pathology results).
The two groups had similar

Characteristic SA (n=81) SA-DCIS (n=47) P age, menopausal status, hor-
Age (years) 46.9+7.5 48.849.6 0.523 monal replacement therapy,
Menopausal status 0.603 family history of breast cancer,
Premenopausal 52 (64.2) 28 (59.6) and similar clinical symptoms
Postmenopausal 29 (35.8) 19 (40.4) (all P>0.05).
Hormonal replacement therapy 0.727
Yes 23 (28.4) 12 (25.5) Univari_ate and r_nul_tivariate
No 58 (71.6) 35 (74.5) analysis of US findings
Family history of breast cancer 0.813 Under US examination, a mass
Yes 24(29.6) 13 (27.7) was visible in 70 (81.4%) SA le-
No 57 (70.4) 34 (72.3) sions and 46 (92.0%) SA-DCIS
Symptom 0.099 lesions. Architectural disorder
Palpable mass 16 (19.8) 18 (38.3) was observed in 9 (10.4%) SA
Mastalgia 24 (29.6) 11 (23.4) lesions and 4 SA-DCIS lesions
Nipple discharge 9 (11.1) 8 (17.0) (8.0%). A focal hypoechoic area
Asymptomatic 32(395)  10(21.3) was detected in 4 (4.7%) SA

Notes: SA, Sclerosing Adenosis; SA-DCIS, SA involving Ductal Carcinoma Carci-
noma in Situ. Patients were grouped according to the pathology results.

square or Fisher's exact tests. Multivariate
logistic regression analysis was used to ana-
lyze the variables that were significant in the
univariate analysis. To evaluate the diagnostic
performance, the sensitivity and specificity and
area under the curve (AUC) of receiver operat-
ing characteristic (ROC) curves were calculat-
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lesions, and no evidence of
abnormality on US was detect-
ed in 3 (3.5%) cases of SA.

The results of univariate regression analysis of
the sonographic findings of masses in SA and
SA-DCIS are summarized in Table 2 (Patients
were grouped according to the US results). The
mean lesion size (the maximum diameter of the
mass) in patients with SA-DCIS (mean diame-
ter, 2.8 cm; range, 0.8-6 cm) was significantly

Int J Clin Exp Med 2020:13(4):2534-2540



Discrimination of SA-DCIS from pure sclerosing adenosis in breast

Table 2. Univariate analysis of ultrasonographic features of SA and

SA-DCIS Masses

Mass SA (n=70) SA-DCIS (n=46) P
Size (cm) Mean £ SD 1.5+0.9 2.8+1.4 <0.001
<2 43 (61.4) 10 (21.7) <0.001
>2 27 (38.6) 36 (78.3)
Shape 0.023
Oval/round 24 (34.3) 7 (15.2)
Irregular 46 (65.7) 39 (84.8)
Orientation 0.827
Parallel 52 (74.3) 35 (76.1)
Not parallel 18 (25.7) 11 (23.9)
Echogenicity 0.033
Homogenously hypoechoic 27 (38.6) 8(17.4)
Homogenouslyhyper-or isoechoic 9 (12.8) 5 (10.9)
Heterogeneous 34 (48.6) 33(71.7)
Margins 0.136
Circumscribed 26 (37.1) 11 (23.9)
Not circumscribed 44 (62.9) 35 (76.1)
Posterior acoustic features 0.485
None or enhancement 32 (45.7) 18 (39.1)
Shadowing or combined 38 (54.3) 28 (60.9)
Calcification 0.557
Absent 45 (64.3) 32 (69.6)
Present 25 (35.7) 14 (30.4)
Duct changes 0.085
Absent 57 (81.4) 31 (67.4)
Present 13 (18.6) 15 (32.6)
Vascularity <0.001
Absent 29 (41.4) 5 (10.9)
Low 26 (37.1) 13 (28.3)
High 15 (21.4) 28 (60.9)

Note: SA, Sclerosing Adenosis; SA-DCIS, SA involving Ductal Carcinoma In Situ.
Patients were grouped according to the US results.

Table 3. Multivariate analysis of sultrasonographic findings

Variable B Wald  df P OR (95% Cl)
Size >2 cm 0.869 17463 1 <0.001 2.519(1.218-4.594)
High vascularity 1.096 20.569 1 <0.001 2.878(1.371-5.873)
Constant -1.845 63.587 1 <0.001 0.189

Note: SA, Sclerosing Adenosis; SA-DCIS, SA involving Ductal Carcinoma In Situ. B,
the regression coefficient; Cl, Confidence Interval; OR, the Odds Ratio.

larger than that in patients with SA (mean dia-
meter, 1.5 cm; range, 0.5-4.8 cm; P<0.05).
Larger lesion size (78.3% versus 38.6%), irre-
gular shape (84.8% versus 65.7%), and hetero-
geneous echogenicity (71.7% versus 48.6%) as
well as high vascularity (60.9% versus 21.4%)
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were significantly more com-
mon in the SA-DCIS group
(all P<0.05). Other BI-RADS
US descriptors, including ori-
entation, margins, posterior
acoustic features, calcifica-
tion and duct changes show-
ed no significant difference
between the groups (all P>
0.05).

Multivariate analysis reveal-
ed that a lesion size >2 cm
(P<0.001; OR, 2.519; 95%
Cl, 1.218-4.594) and high
vascularity (P<0.001; OR,
2.878; 95% Cl, 1.371-5.873)
were significantly and inde-
pendently associated with
SA-DCIS (Table 3). However,
there was no association be-
tween sonographic results
and clinical characteristics
(all P>0.05; Table 4).

The diagnostic efficiency of
us

The sensitivity, specificity
and the area under the ROC
curves (AUC) of US for dif-
ferentiating malignant SA-
DCIS lesions from benign SA
lesions were 92.0%, 81.4%
and 0.844, respectively (Ta-
ble 5 and Figure 2).

Discussion

In 1994, Ichihara S. et al. first
reported a case of DCIS en-
tirely surrounded by SA and
suggested that DCIS origi-
nated in the tubules of SA
[11]. Recent studies have
proved that SA usually coex-
ists with proliferative lesions
as well as malignancies and
most of them are DCIS [8,

12, 13]. Currently, few studies have described
the imaging features of SA-DCIS, except some
case reports. Therefore, this is the first study
to compare the clinical and ultrasonographic
features between SA-DCIS and SA with a rela-
tively large sample size.
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Table 4. Correlation of clinical characteristics with lesion size and vascularity in SA and SA-DCIS

o e size (cm) Vascularity
Clinical Characteristic P -
>2 <2 High Low/Absent
Menopausal status 0.364 0.673
Premenopausal 42 (66.7) 31 (58.5) 26 (60.5) 47 (64.4)
Postmenopausal 21 (33.3) 22 (41.5) 17 (39.5) 26 (35.6)
Hormonal replacement therapy 0.656 0.921
Yes 19 (30.2) 14 (26.4) 12 (27.9) 21 (28.8)
No 44 (69.8) 39 (73.6) 31(72.1) 52 (71.2)
Family history of breast cancer 0.427 0.744
Yes 16 (25.4) 17 (32.1) 13 (30.2) 20 (27.4)
No 47 (74.6) 36 (67.9) 30 (69.8) 53 (72.6)
Symptom 0.058 0.251
Palpable mass 24 (38.1) 10 (18.9) 16 (37.2) 18 (24.7)
Mastalgia 16 (25.4) 17 (32.1) 12 (27.9) 21 (28.8)
Nipple discharge 10 (15.9) 6 (11.3) 7 (16.3) 9(12.3)
Asymptomatic 13 (20.6) 20 (37.7) 8 (18.6) 25 (34.2)

Note: SA, Sclerosing Adenosis; SA-DCIS, SA involving Ductal Carcinoma In Situ. Data are presented as numbers (percentages).

Table 5. The diagnostic efficiency of US

Pathology
Methods Total
SA-DCIS SA
us SA-DCIS 46 16 62
SA 4 70 74
Total 50 86 136

Note: SA, Sclerosing Adenosis; SA-DCIS, SA involving
Ductal Carcinoma In Situ.
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Figure 2. ROC curve of Color Doppler ultrasonogram
of SA-DCIS. SA, Sclerosing Adenosis; SA-DCIS, SA in-
volving Ductal Carcinoma In Situ.

Clinically, SA is frequently observed in the pre-
menopausal age group and is correlated with
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both an abnormal hormonal environment and a
family history of breast cancer [14, 15]. How-
ever, the contribution of age and menopausal
status to breast cancer in previous studies is
controversial [7, 16-18]. Our study also found
that age, menopausal status, hormonal repla-
cement therapy, and family history of breast
cancer had no association with SA-DCIS, which
was inconsistent with previous studies. Early
published results suggest that SA-DCIS can
present with a variety of clinical symptoms,
including a palpable mass or nipple discharge
[19]. It is also common for an asymptomatic
case of SA-DCIS to be diagnosed during a radio-
logical screening examination. SA has also
been reported to be asymptomatic and noted
microscopically and may form a palpable mass
as a result of confluence of the affected lobu-
les [20, 21]. However, although our study also
found that patients with SA-DCIS were more
likely to have a palpable mass (38.3% versus
19.8%) and less asymptomatic mass (21.3%
versus 39.5%) than patients with SA, but these
differences were not statistically significant
(P>0.05).

The size of SA lesions has been considered a
way to differentiate the risk of cancer [22, 23].
Our study also found that patients with SA-DCIS
had significantly larger lesion size than those
with SA.

Malignant tumors have a tendency to show
increased vascularization, but avascular tu-
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mors as well as hypervascular benign tumors
have been discovered as well [24]. However,
few studies have been published about the vas-
culature of SA-DCIS and SA lesions. Malignant
lesions tend to show enlarged and twisted ves-
sels inside breast lesions and penetrating ves-
sels and spiculated or radial vessels in the
periphery, whereas benign lesions mainly show
peripheral annular vessels [24-26]. In our expe-
rience, the vascular flow distribution was sig-
nificantly different between benign and malig-
nant lesions on Doppler images. The combined
vascular flow distribution involving internal ves-
sels and vessels along the rim were more com-
monly detected in SA-DCIS lesions than in SA
lesions. Our study results showed that a larger
mass size, irregular shape, heterogeneous ech-
ogenicity, and high vascularity were more com-
mon in SA-DCIS lesions than in SA lesions.
However, multivariate analysis indicated that
neither irregular shape nor heterogeneous ech-
ogenicity were associated with DCIS, a larger
lesion size and a high vascularity were signifi-
cantly and independently associated with SA-
DCIS.In addition, when correlating with clinical
information, our study also found that neither
a larger lesion size nor high vascularity on US
were associated with clinical characteristics.
Hence, careful imaging examination of the
breast in patients with SA lesions is recom-
mended because these lesions may lack evi-
dent clinical manifestations for predicting
malignancy.

In our cohort, we achieved 92.0% sensitivity
and 81.4% specificity for the differentiation of
SA-DCIS lesions from benign SA lesions. The
AUC of US is 0.844. The sensitivity and diag-
nostic efficiency are high. In addition, a combi-
nation of US, MG and MRI might be recom-
mended to increase the diagnostic perfor-
mance.

Our study had several limitations. First, it was
retrospective in design; second, our study only
used conventional US, not 3-dimensional US,
elastography, or superb microvascular imaging
to compare SA and SA-DCIS lesions, because
these US technologies were not widely used
during the study period. Therefore, a prospec-
tive, multicenter cohort study will be performed
in the future to verify our results.

In conclusion, SA-DCIS lesions were more likely
to be larger in size (>2 cm) and to have high
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vascularity than SA lesions. Although patients
may lack evident clinical manifestations, those
with these sonographic features tended to
have malignant lesions, which should alert the
clinician to the possibility of DCIS.
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