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Abstract. The present study was conducted to evaluate 
the radiological findings, particularly the ultrasonographic 
(US) characteristics of sclerosing adenosis (SA), and their 
correlation with histopathological results. A retrospective 
review identified 191 patients with a total of 200 lesions 
histopathologically confirmed as SA following breast surgery 
between July 2009 and December 2012. Of the 191 patients, 
145  (151  lesions) with SA as the major component were 
included for US and mammographic (MG) analysis. All 
145 patients analyzed were female, with a mean age ± stan-
dard deviation of 46.8±7.8 years (range, 25‑71 years). All 
145 patients underwent US examination and the imaging 
findings included heterogeneously echogenic areas in 9.3% 
(14/151), masses in 51.7% (78/151), masses with calcifica-
tions in 13.9% (21/151), focal acoustic shadowing in 4.0% 
(6/151) and were negative in 21.2% (32/151) patients. Among 
the 119 lesions with visible abnormalities, 87.4% (104/119) 
were hypoechoic, 58.0% (69/119) were irregular in shape, 
52.1% (62/119) had an ill‑defined margin, calcifications 
were found in 17.6% (21/119) and 7.6% (9/119) were hyper-
vascular, while none of the characteristics mentioned above 
were significantly correlated with histopathology. A total 
of 136  patients underwent MG at the Fudan University 
Shanghai Cancer Center, and the imaging findings included 
microcalcifications in 31.6% (43/136), masses in 23.5% 
(32/136), asymmetric focal density in 14.7% (20/136), focal 
architectural distortion in 22.8% (31/136), and were nega-
tive in 7.4% (10/136). The mass lesions were fewer on MG 
compared with US (23.5 vs. 65.6%, respectively). The area 

under the curve of US distinguishing between benign and 
malignant lesions was significantly larger compared with 
that of MG (0.547 vs. 0.497, respectively; P=0.036). In the  
60  lesions that were overestimated by Breast Imaging 
Reporting and Data System US category, one or more charac-
teristics of malignancy were found on US imaging. The most 
common finding of SA was masses with or without calcifica-
tions on US and microcalcifications on MG. The accuracy 
of US was limited, but higher compared with that of MG; 
however, SA mimicking the characteristics of malignancy 
may contribute to misdiagnosis with US.

Introduction

As a subtype of adenosis, sclerosing adenosis (SA) is a benign 
proliferative disease of the breast associated with disordered 
acinar, myoepithelial and connective tissue in the terminal 
ductal lobular unit. Despite its benign pathological behavior, 
SA may mimic in situ and invasive carcinoma grossly and 
microscopically (1,2); thus further investigation is crucial to 
fully understand this disease and its imaging characteristics.

Several articles have described the clinical and imaging 
characteristics of SA over the past few decades  (3‑6). As 
reported in previous studies (5), a proportion of patients with 
SA complained of mastalgia (14.0%), others were detected 
with a palpable mass (30.2%), while several asymptomatic 
patients were identified through imaging examination, and the 
findings on mammography (MG) were mainly microcalcifica-
tions (55.8%), mass (11.6%), asymmetric focal density (6.9%) 
and focal architectural distortion (6.9%). However, only few 
studies have investigated the imaging characteristics of SA on 
ultrasonography (US).

In China, a higher number of individuals seek periodic 
breast examination due to the increasing incidence of breast 
diseases, and breast US, as a radiation‑free modality, is the 
most popular screening method due to the advantages of high 
safety and low cost. In addition, Eastern women tend to have 
dense mammary glands, which may be more clearly displayed 
on US compared with MG. The objective of the present study 
was to focus on the radiological findings, particularly the US 
characteristics of SA, and to determine the correlation of these 
findings with histopathological results.
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Patients and methods

Patients. A total of 24,239 patients who underwent breast 
surgery between July, 2009 and December, 2012 at the Fudan 
University Cancer Center (Shanghai, China) were retrospec-
tively investigated. SA was histopathologically diagnosed 
in a total of 191 female patients (200 lesions), among whom 
145 patients (151 lesions) with SA as the major component were 
included for clinical and imaging analysis. In the remaining 
46 patients (49 lesions), SA was an incidental pathological 
finding following surgery for malignant tumors (21 lesions in 
19 patients) and benign tumors (28 lesions in 27 patients), and 
these cases were excluded from the study.

The present study was conducted following approval by 
the Institutional Review Board (IRB) of Fudan University 
Shanghai Cancer Center. Written informed consent was 
waived by the IRB due to the retrospective nature of the study. 
No study subjects or cohorts have been previously reported.

US. All 145 patients underwent US prior to surgery. All the 
examinations were performed by sonographers experienced 
in breast US with a linear array transducer (IU22, Philips, 
Bothell, WA, USA; and Mylab 90, Esaote, Genoa, Italy). A 
final assessment was made and each case was classified preop-
eratively based on the American College of Radiology Breast 
Imaging Reporting and Data System (BI‑RADS) US lexicon 
criteria (7,8). The morphology of the lesions, including size, 
shape, margin, internal echo pattern and posterior acoustic 
feature, was analyzed by two experienced investigators 
blinded to the study. Color Doppler US and power Doppler US 
were performed to evaluate the vessels within and surrounding 
the lesions.

MG. Among the 145  patients (151 lesions), 9 (15 lesions) 
underwent MG in other hospitals prior to admission to our 
center, and the mammograms of these patients were unavail-
able for analysis. The remaining 136 patients underwent MG 
in our center prior to surgery; craniocaudal and mediolateral 
oblique mammograms of both breasts were obtained using 
Senographe 2000D equipment (General Electrics, Detroit, MI, 
USA). The mammograms for each lesion were reviewed by 
three radiologists experienced in breast imaging and charac-
terized according to mass size, characteristics, morphology 
and distribution of microcalcifications.

Correlation with histopathology. All the lesions were surgi-
cally excised. The non‑palpable lesions were preoperatively 
localized by using a needle‑wire system placed under MG  
(23 lesions in 23 patients) and US (52 lesions in 48 patients) 
guidance, and underwent specimen radiographs and US prints 
to confirm removal of the lesions.

To analyze the accuracy of US and MG diagnosing the 
cases as benign or malignant, the BI‑RADS category was 
compared with the histopathological results. Categories 1‑3 
were classified as the benign group, while categories 4B, 4C 
and 5 were classified as the malignant group. Despite a malig-
nant probability of <10%, category 4A was classified in the 
malignant group in our study, due to the indication of clinical 
intervention. Category 0 was also included in the malignant 
group due to the requirement for further examinations.

Statistical analysis. Statistical analyses were performed using 
SPSS software, version 19.0 (SPSS, Chicago, IL, USA). To 
evaluate diagnostic performance, receiver operating character-
istic (ROC) curves were analyzed using MedCalc for Windows, 
version 13.1.2.0 (MedCalc Software, Mariakerke, Belgium). 
Sensitivity, specificity and area under the ROC curve (AUC) 
were calculated. Measurement data were analyzed with the 
t‑test and count data were analyzed with the Chi‑squared test. 
A P‑value of <0.05 was considered to indicate a statistically 
significant difference.

Results

Patient characteristics. All the 145 patients analyzed were 
female, with a mean age ± standard deviation of 46.8±7.8 years 
(range, 25‑71 years). None of the patients had a family history 
of breast cancer. In 6 patients (4.1%), SA was found bilaterally; 
18 patients (12.4%) complained of mastalgia and 5 patients 
(3.4%) complained of nipple discharge; 74 patients (51.0%) 
reported awareness of a breast mass, while 48 patients (33.1%) 
were asymptomatic.

All the lesions were surgically excised. Of the 151 lesions, 
20 (13.4%) were SA with malignant lesions as the minor 
component, among which 13 lesions were ductal carcinoma 
in situ (DCIS) with bilateral involvement in 1 patient, 4 lesions 
were DCIS with microinvasion (DCISM), and 3 lesions were 
invasive ductal carcinoma (IDC). A total of 58 lesions (38.4%) 
were SA with benign lesions, such as ductal hyperplasia, 
fibroadenomas and intraductal papilloma, and the remaining 
73 lesions (48.3%) were pure SA.

US findings. All 145 patients (151 lesions) underwent US 
examination. Apart from the 32 lesions (21.2%) without visible 
abnormalities, there were mainly four types of imaging find-
ings: Heterogeneously echogenic areas (n=14; 9.3%), mass 
lesions (n=78; 51.7%), masses with calcifications (n=21; 13.9%) 
and focal acoustic shadowing (n=6; 4.0%) (Fig. 1). The US 
images of these 119 visible lesions were reviewed and the 
characteristics were summarized as follows (Table I): 87.4% 
of the lesions (104/119) were hypoechoic, 58.0% (69/119) 
were irregular in shape and 52.1% (62/119) had an ill‑defined 
margin. Among the mass lesions with or without calcifica-
tions, 90.9% (90/99) were solid, 4.0% (4/99) were cystic with 
thickened walls, and 5.1% (5/99) were mixed. Calcifications 
were detected in 21 lesions (17.6%), of which 9 were clustered 
punctate, 5 were diffusely punctate and 7 were clustered 
amorphous. According to the grading system reported by 
Adler et al  (9), only 9 lesions (7.6%) were hypervascular. 
However, none of the characteristics mentioned above was 
significantly correlated with pathological type (P>0.05).

Upon comparing BI‑RADS US category with histopa-
thology, the AUC of US distinguishing benign from malignant 
lesions was 0.547. The sensitivity, specificity, positive predic-
tive value and negative predictive value of indicating clinical 
intervention (BI‑RADS categories 0 and 4A‑5) were 44.4, 
54.9, 11.8 and 88.0%, respectively. Of the 23 lesions of reason-
able and high suspicion of malignancy (4B‑5), only 1 case was 
finally diagnosed as malignant, which was SA with IDC as 
the minor component. However, 85.3% of category 4A cases 
were finally confirmed as benign (Table II). The false‑positive 
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rate, defined as the percentage of lesions with an indication for 
clinical intervention (BI‑RADS categories 0 and 4A‑5) among 
the pathologically benign lesions, was 45.1% (60/133). Among 
false‑positive lesions, 12 were accompanied by atypical ductal 
hyperplasia, 4 displayed calcium deposition microscopically, 
whereas 1 lesion had both. The false‑negative rate, defined 
as the percentage of lesions indicated as benign (BI‑RADS 
categories 1‑3) among the pathologically malignant lesions, 
was 55.6% (10/18).

In the 14 lesions with heterogeneously echogenic areas, 
apart from 5 lesions classified as BI‑RADS US categories 
1‑3, 4 required further examination (category 0), whereas the 
remaining 5 lesions were classified as category 4A‑4B, among 

Table I. Ultrasonographic findings of 119 solitary lesions in 
patients with sclerosing adenosis of the breast.

	 No. of	 Pearson χ2

Characteristics	 lesions (%)	 (P‑value)b

 
Shape		  0.159 (0.690)
  Regular	 50 (42.0)
  Irregular	 69 (58.0)
Echo pattern		  4.877 (0.181)
  Hypoechoic	 104 (87.4)
  Isoechoic	 4 (3.4)
  Hyperechoic	 2 (1.7)
  Mixed echoic	 5 (4.3)
  Echoless	 4 (3.4)
Margin		  0.646 (0.421)
  Well‑defined	 57 (47.9)
  Ill‑defined	 62 (52.1)
Calcifications		  0.044 (0.833)
  Absent	 98 (82.4)
  Present	 21 (17.6)
Focal acoustic shadowing		  0.415 (0.519)
  Absent	 113 (96.0)
  Present	 6 (4.0)
Vascularityaa		  2.132 (0.344)
  None (grade 0)	 92 (77.3)
  Hypovascular (grade Ⅰ)	 18 (15.1)
  Hypervascular (grade Ⅱ‑Ⅲ)	 9 (7.6%)
 
aVascularity was graded according to the grading system reported by 
Adler et al (9). bCorrelation between ultrasonographic characteristics 
and pathology (benign or malignant lesion; P<0.05 was considered to 
indicate statistically significant differences.

Figure 1. Ultrasonographic findings in sclerosing adenosis. (A) Heterogen
eously echogenic areas; (B) mass lesions; (C) mass lesions with calcifications; 
and (D) focal acoustic shadowing.

Figure 2. Malignant signs on imaging. (A) Hypoechoic mass with an irreg-
ular shape, indistinct and angled margin [Breast Imaging Reporting and Data 
System (BI‑RADS) category 4C], which was confirmed as complex scle-
rosing adenosis (SA). (B) Heterogeneously echogenic area with rich blood 
supply (BI‑RADS 4B), confirmed as SA with ductal epithelial hyperplasia. 
(C) Burr‑like mass with diffusely punctate calcifications (arrow) (BI‑RADS 
4B), diagnosed as SA with calcium deposition. (D) Irregular mass with angled 
margin and clustered amorphous calcifications (arrow) (BI‑RADS 4B), con-
firmed as SA with atypical ductal hyperplasia and calcium deposition.

Table II. Performance of ultrasonography (US) and mammog-
raphy (MG) in sclerosing adenosis of the breast.

	 Histopathology of the lesions
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 Benign (n)	 Malignant (n)

BI‑RADS US (151 lesions)
  0	     9	   2
  1‑3	   73	 10
  4A	   29	   5
  4B‑5	   22	   1
  Total	 133	 18
BI‑RADS MG (136 lesions)
  0	   17	   4
  1‑3	   41	   4
  4A	   34	   5
  4B‑5	   26	   5
  Total	 118	 18

BI‑RADS, Breast Imaging Reporting and Data System.
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which only 2 lesions were finally confirmed as malignant. A 
total of 78.1% (25/32) of the US‑negative lesions were simple 
SA histopathologically, without accompanying malignant or 
benign lesions.

Focal acoustic shadowing had been described in previous 
studies (5,6); ours included 6 lesions (4.0%), with 1 lesion clas-
sified as BI‑RADS US category 0, 1 as 4A, and 4 as ≥4B, but 
only 1 lesion exhibiting focal acoustic shadowing was finally 
histopathologically confirmed as SA with malignant lesions. 
Although considered as a sign of malignancy, focal acoustic 
shadowing was not found to be significantly correlated with 
histopathological malignancy (P=0.519).

In the 60 lesions that were overestimated by BI‑RADS 
US category, one or more characteristics of malignancy were 
found in US imaging, such as irregular shape in 54 lesions 
(90.0%), ill‑defined margins in 46 lesions (76.7%), calcifica-
tions in 12 lesions (20%), focal acoustic shadowing in 6 lesions 
(4.0%) and hypervascularity in 7 lesions (11.7%) (Fig. 2).

MG findings and comparison with US. A total of 136 patients 
underwent MG in our center and abnormalities were detected 
in 126 patients (92.6%), whereas the examination was negative 
in 10 patients (7.4%). There were mainly four types of imaging 
findings: Microcalcifications (n=43; 31.6%), masses (n=32; 
23.5%), asymmetric focal density (n=20; 14.7%) and focal 
architectural distortion (n=31; 22.8%).

Of the 43 microcalcifications, 34 (79.1%) were clustered, 
8  (18.6%) were scattered and 1 (2.3%) was diffuse. The 
shapes of microcalcifications were punctate in 29 (67.4%), 
round in 5 (11.6%), pleomorphic in 7 (16.3%), and amorphous 
in 2  (4.7%) cases. On US imaging, 15 (34.9%) of the MG 
microcalcifications were invisible, 6 (14.0%) were masses with 
calcifications and the remaining were lesions without calcifi-
cations, including 4 (9.3%) heterogeneously echogenic areas 
and 18 masses (41.9%).

Unlike US imaging, on which masses and masses with 
calcificaitons constituted the majority (65.6%), masses were 
only found in 32 (23.5%) cases in MG. Of the 6 lesions with 
focal acoustic shadowing on US, 2 were negative on MG and 
4 exhibited as asymmetric focal density (Table III).

Comparing BI‑RADS MG category with histopathology, 
the AUC of MG distinguishing between benign and malig-

nant lesions was significantly smaller compared with US 
(0.497 vs. 0.547, respectively; P=0.036).

Discussion

SA is a benign proliferative disease of the epithelium and 
myoepithelium that originates in glandular lobules and is 
accompanied by desmoplasia. Although it is a benign disorder, 
SA may prove challenging in both clinical and radiological 
aspects, as it may mimic malignancy grossly and micro-
scopically. Furthermore, SA is occasionally complicated by 
malignant tumors, such as IDC and DCIS, and certain benign 
disorders, such as fibroadenosis, intraductal papilloma and 
atypical ductal hyperplasia, which makes differential diag-
nosis more difficult prior to surgery.

Although SA was not considered as a precancerous lesion, 
a higher risk of breast carcinoma has been reported in patients 
with SA (10,11). In a cohort of 13,434 women followed up for 
a median of 15.7 years, Visscher et al (12) found that the pres-
ence of SA stratified risk in subsets of women defined by age, 
involution status and family history, and that SA is a common 
proliferative lesion of the breast that conveys an approximate 
doubling of breast cancer risk.

In the present study, malignant lesions were identifies 
in 20 of the 151 lesions (13.4%), among which 13 lesions 
were DCIS (SA DCIS), 4 were DCISM and 3 were IDC. 
Among the patients with SA DCIS, 1 patient was confirmed 
as synchronous bilateral breast cancer. In previous studies, 
Moritani et al (13) reported 5 cases of synchronous or meta-
chronous contralateral breast carcinoma developing among 
23 patients with SA DCIS; Yoshida et al (14) reported a signifi-
cantly higher rate of synchronous and metachronous bilateral 
breast cancer in SA DCIS compared with non‑SA DCIS [9 
(38%) of 24 patients vs. 22 (13%) of 174 patients; P<0.01]. A 
retrospective study in our center previously demonstrated that 
the presence of SA was an independent risk factor for synchro-
nous bilateral breast cancer (P<0.001) (15). Cancer genuinely 
arising in SA may often have biological characteristics of 
bilateral breast cancer (16), thus making it more important to 
distinguish it through radiological examinations.

US is generally accepted as an efficient method that is 
most commonly used in breast diseases, due to its advantages 

Table III. Comparison of findings in sclerosing adenosis of the breast between ultrasonography (US) and mammography (MG).

	 MG findings
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
			   Asymmetric	 Focal architectural
	 Microcalcifications	 Masses	 focal density	 distortion	 Negative	 NAa

US findings	 (n=43)	 (n=32)	 (n=20)	 (n=31)	 (n=10)	 (n=15)

Heterogeneously echogenic areas (n=14)	   4	   0	 2	   6	 1	   1
Masses (n=78)	 18	 21	 8	 16	 5	 10
Masses with calcifications (n=21)	   6	   7	 3	   2	 2	   1
Focal acoustic shadowing (n=6)	   0	   0	 4	   0	 2	   0
Negative (n=15)	 15	   4	 3	   7	 0	   3

aPatients who underwent MG in other hospitals and their mammograms were not available.
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of non‑invasiveness and convenience; in addition, its clearer 
imaging of dense breast tissue compared with MG makes it 
more popular in Eastern countries. However, previous studies 
mostly focused on the MG findings of SA, while those of US 
have rarely been discussed (3‑5). The results of MG findings 
in our study were almost consistent with previous studies, 
which revealed mainly four types of imaging, with micro-
calcifications as the most common type. Although MG was 
more sensitive for discovering abnormalities compared with 
US in our study, the AUC of US distinguishing benign from 
malignant lesions was larger compared with that of MG (0.547 
vs. 0.497, respectively; P=0.036).

In the present study, 151 lesions in 145 patients were detected 
by US, and SA was histopathologically confirmed as the major 
component. Mass lesions without calcification constituted the 
major component among all cases (78 lesions; 51.7%), more 
frequently compared with MG (32 lesions; 23.5%), which was 
consistent with previous reports (12‑44%) (5,6). The majority 
of the visible lesions were irregular in shape (58.0%) and had 
an ill‑defined margin (52.1%), which were probable indications 
of malignancy; this may be one of the reasons for the overes-
timation of BI‑RADS US category in certain cases. Likewise, 
hypervascular lesions were all classified as category ≥4, indi-
cating a malignant tendency to a certain degree. Only few of 
the previous studies had described the US characteristics, so 
we herein compared our results with those of MG. However, 
the morphology of masses detected by MG, including shape 
and margin, did not lead to the same conclusion in each 
study (4‑6), possibly as a result of the small samples, whereas, 
to the best of our knowledge, our sample was the largest thus 
far. However, the shape and margin of the lesions were not 
significantly different among simple SA, SA with malignant 
lesions and SA with benign lesions, which may be attributed to 
the variable pathological manifestations of SA (1,13,17).

Microcalcifications were found to be one of the major char-
acteristics of SA on MG (6), with 80% of the cases presenting 
as microcalcifications in clusters and 20% being diffusely 
scattered. Only 1 case of clustered calcifications without a 
mass was found through US in our study, in which SA was 
the minor component and DCIS was the major component. Of 
the 151 lesions with SA as the major component, masses with 
calcification were found in 21 (13.9%) cases on US; the most 
frequent calcification pattern was clustered punctate and the 
remaining were diffusely punctate and clustered amorphous 
calcifications. However, the presence of calcifications was not 
significantly correlated with histopathology, which may be 
attributed to the hyposensitivity of US for identifying calci-
fications.

In addition to masses with or without calcification, there 
were quite a few cases [14 (9.3%)] presenting as heteroge-
neously echogenic areas on US images; focal architectural 
distortion of breast tissue without occupying effect was the 
characteristic imaging finding. There were also 32 lesions 
(21.2%) without visible abnormalities on US, 78.1% of which 
(25/32) were simple SA histopathologically, without accom-
panying malignant or benign lesions. Thus, simple SA more 
frequently presented as negative on US, and patients with this 
type of SA partly contributed to the false‑negative rate.

The difficulty of diagnosing SA through US also mani-
fested as the relatively high false‑positive rate, which was 

45.1% in our study. As mentioned above, certain US char-
acteristics of malignancy, such as calcifications, irregular 
shape, indistinct margins, focal acoustic shadowing and 
hypervascularity, contributed to the overestimation of 
diagnosis (Fig.  2). As reported in studies on fine‑needle 
aspiration cytology of SA, the most frequent characteristics, 
although not specific, were low‑to‑moderate cellularity, bland 
epithelial cells that focally formed cohesive groups/tubules 
or occasionally discohesive clusters or individual cells, and 
fragments of dense fibrous stroma (18). Some tubules had 
an angulated configuration. These histopathological charac-
teristics might contribute to the malignant signs of SA on 
imaging examination.

In conclusion, the accuracy of US in diagnosing SA was 
limited, although it was significantly higher compared with 
MG. Four types of US presentation were also observed in our 
series and compared with MG; to the best of our knowledge, 
the present study was the first to discuss these findings in 
detail to date. The high frequency of malignant signs on US 
may contribute to the misdiagnosis of SA. These findings may 
prove helpful for further investigation, which should focus on 
contrast‑enhanced US and shear wave elastography and may 
improve the accuracy of diagnosis.
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