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Abstract
Objective  Ductal carcinoma in situ (DCIS) of the breast has a wide disease spectrum with risks of progression to 
invasive cancer linked to pathological factors. High-grade histology, large tumor volume, and comedonecrosis are 
adverse prognostic factors. This study explores the correlation between conventional ultrasound (Con-US) and shears 
wave elastography (SWE) features with DCIS prognostic factors and evaluates their predictive efficacy.

Methods  A retrospective analysis was conducted on clinical data, Con-US, and SWE imaging features of 83 DCIS 
patients who underwent surgical resection between June 2018 and December 2022. Binary logistic regression 
analysis was performed to explore the relationship between sonogram indices and pathological prognostic factors.

Results  The results revealed that microcalcification observed on Con-US was an independent risk factor for high-
grade DCIS and comedonecrosis [odds ratio (OR): 5.316 and 4.512]. In SWE analysis, the Emax value was significantly 
different between the non-high-grade and high-grade DCIS groups(P = 0.006), with an Emax value greater than 
75.03 kPa identified as an independent risk factor for high-grade DCIS [OR:1.022, the area under the curve (AUC): 
0.682, 95% confidence interval (CI): 0.555–0.808]. Additionally, the Ecolor, Emax, Emean, and Emean SD values 
were statistically different between the groups with and without comedonecrosis (P = 0.049, 0.006, 0.012, 0.022), 
with an Emean value exceeding 30.45 kPa identified as an independent risk factor for comedonecrosis (OR:1.025, 
AUC:0.708, 95% CI:0.562–0.854). Furthermore, combining microcalcification on Con-US with specific SWE indicators 
demonstrated an improved predictive specificity for high-grade DCIS and comedonecrosis (0.902 and 0.889, 
respectively). No significant difference was found in other indexes on SWE.
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Introduction
Ductal carcinoma in situ (DCIS) is a tumor formed 
by abnormal proliferation of epithelial cells in the 
ductallobular unit of the breast; however, it does not 
invade the basement membrane. The characteristics 
of DCIS include active epithelial cell proliferation, 
abnormal cell morphology, and necrosis. The degree 
of malignancy and the prognosis of DCIS after treat-
ment are related to the nuclear grading of the tumor, 
histopathological and structural features, presence of 
comedonecrosis, and expression of various molecular 
biomarkers. High-grade DCIS is associated with rapid 
growth and early infiltration, while low-grade DCIS 
shows inert clinical behavior, grows slowly, and has 
morphological and biological features similar to atypi-
cal hyperplasia [1, 2]. In addition to nuclear grading, 
the presence of tumor-associated comedonecrosis and 
microcalcifications has been associated with increased 
invasiveness of DCIS and the risk of local recurrence 
after conservative treatment. Molecular biomarkers 
associated with the prognosis of invasive breast can-
cer include the estrogen receptor (ER), progesterone 
receptor (PR), human epidermal growth factor recep-
tor 2 (HER2), and Ki-67 proliferation index. Recent 
studies have shown that DCIS with high expression of 
HER2 has a poor prognosis [3], while the Ki-67 index 
is positively correlated with DCIS recurrence [4].

It is based on the high degree of heterogeneity of 
DCIS in terms of histological morphology and biologi-
cal features, with wide variation in imaging manifes-
tations. Mammography, magnetic resonance imaging 
(MRI), and ultrasound (US) are commonly used imag-
ing methods for the diagnosis of breast disease. MRI 
has high soft-tissue resolution and its diagnostic sen-
sitivity for DCIS varies, with a meta-analysis showing 
that its sensitivity ranges from 40 to 100%, which is 
related to the differentiated distribution of neovascu-
larization within the lesion and the setting of technical 
parameters [5]. Mammography is considered the pre-
ferred method of breast imaging diagnosis in Europe 
and the United States; it has the characteristics of stan-
dardization, high efficiency, and high detection rate of 
calcification. Although molybdenum targets are the 
main method of detecting DCIS in conventional imag-
ing, they are not ideal for showing mass-type lesions, 
noncalcified lesions, and dense breasts. Although US 
is somewhat subjective, a growing number of studies 

in recent years have shown that US has advantages 
in the examination of dense breasts and shows good 
results in DCIS without microcalcifications. Further-
more, early studies have shown a correlation between 
DCIS characteristics in US imaging and its prognos-
tic factors. For example, high-grade DCIS usually 
shows ductal changes with microcalcifications on US 
images, while intermediate- or low-grade DCIS shows 
hypoechoic masses with microfollicularity, irregu-
lar morphology, and fuzzy borders [6–8]. ER-positive 
expression is correlated with mass-like DCIS, while 
ER-negative DCIS is more likely to be detected on 
US images than ER-positive DCIS, which has larger 
lesions and is usually accompanied by posterior acous-
tic shadowing [8].

In recent years, elastography, a real-time noninva-
sive imaging technique, has been shown to sensitively 
detect the texture hardness of lesions and has been 
included in the fifth edition of the BI-RADS guide-
lines for the diagnosis of breast masses. Among mul-
tiple elastography techniques, shear wave elastography 
(SWE) has better examination consistency and greater 
reproducibility and can be quantitatively analyzed, 
providing greater advantages in clinical practice. Previ-
ous studies [9] applying SWE in invasive ductal carci-
noma (IDC) have found that SWE hardness values are 
associated with nuclear grade, extent of tumor infiltra-
tion, lymph node metastasis, tumor type, and vascular 
invasion can predict whether DCIS is accompanied by 
invasive carcinoma. There have been limited reports 
on the elastography characteristics of DCIS. Leong 
LC et al. [10] had earlier shown that strain elastogra-
phy could correlate with the type of DCIS histologi-
cal architecture but it did not demonstrate a definite 
association with DCIS nuclear grade. In this study, our 
objective was to comprehensively analyze the imag-
ing characteristics of DCIS using both conventional 
US (Con-US) and SWE. We employed qualitative and 
quantitative indices to investigate potential predictive 
factors for DCIS and their correlation with prognostic 
indicators.

Materials and methods
Patients
Patients hospitalized for breast lesions were recruited 
between June 2018 and December 2022. The inclusion 
criteria were as follows: (1) patients with pathologically 

Conclusions  The microcalcification signs on Con-US, Emax and Emean values on SWE analysis are associated with 
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specificity of DCIS-related prognostic factors.
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confirmed DCIS by surgical resection; (2) postopera-
tive pathology data containing complete information 
on pathological prognostic factors; (3) complete clini-
cal information; (4) complete Con-US and SWE images 
of good quality; (5) surgery performed within a month 
after the US examination; (6) no treatment before the 
US examination. Any cases that did not meet one of 
the above criteria were excluded.

This retrospective study was approved by the Ethics 
Committee of the Hospital, and the requirement for 
patient approval or informed consent was waived.

Con-US and elastography examination
Aplio500 (CANON, Japan) and Aplio i900 (CANON, 
Japan) color Doppler diagnostic instruments were 
used. The probes were 14 –5  L and 14 –8  L, and the 
frequencies were 5–14 MHZ and 8–14 MHZ, respec-
tively. A complete US scan of the breasts revealed 
and stored grayscale and color Doppler flow images 
or Power Doppler flow images of the long- and short-
axis sections of the lesion. After acquisition of Con-
US, the largest plane of the lesion was selected to fix 
the probe, and the dual-amplitude mode was used to 
perform the SWE examination of the lesion. The depth 
was set within 4  cm, and the range of the color scale 
was 0–55 kPa. The US probe was placed gently on the 
surface of the breast to avoid applying too much pres-
sure on the skin and to ensure that the lesion and its 
surrounding normal breast tissues were within the 
sampling frame. In the sample frame, the lesion was 
located in the center of the screen, with a continu-
ous acquisition time of 3–5 s. Images were frozen and 
stored after the color was filled completely, and the 
operation was repeated three times, from blue to green 
to orange to red, which indicated a gradual increase in 
the hardness of the lesion. All US examinations were 
performed by a senior radiologist with 20 years of 
experience.

Image analysis
In Con-US, the morphology was divided into mass 
lesion (ML) and non-mass lesion (NML), according 
to previous studies [6]. The presence or absence of 
microcalcifications, the blood flow signal (abundant/
non-abundant or absent) on Color Doppler flow imag-
ing (CDFI)and BI-RADS classification were recorded. 
The indicators on SWE image were included: (1) color 
pattern (mainly blue/green and mainly orange/red) 
[11]; (2) uniformity of distribution (uniform/underuni-
form and nonuniform) [11]; (3) Emax, acquired within 
the region of interest, is configured as a circular area 
with a diameter of 2–3  mm. This area is positioned 
on the firmest section and the vicinity of the lesions 
to capture the highest elasticity value. (4) Emean and 

Emean SD were obtained by delineating the region of 
interest along the borders of the lesions. The images 
were captured three times and analyzed to calculate 
the average elasticity value and standard deviation. 
All evaluations were conducted by two senior radiolo-
gists who performed elastography quantitative analysis 
without access to the pathological results. The agree-
ment between the radiologists in assessing Con-US 
and SWE images was measured using weighted kappa 
(κ) to evaluate inter-observer agreement.

Pathological results analysis
The pathological analysis indicators for this study 
were the following: (1) according to nuclear grade, 
DCIS was divided into three grades: low, intermediate, 
and high [12]; (2) the histological pathological maxi-
mum diameter of the tumors was recorded; and (3) 
the immunohistochemical results were strictly deter-
mined according to the kit instructions. ER-, PR-, and 
Ki-67-positive cells produce brown granules in the 
nucleus. The cut-off point for ER and PR positive is 
≥ 10% [13], and the cut-off point for Ki-67 positive is 
≥ 20% [14]. C-erbB2 (+) cells produce brown granules 
in the cell membrane or cytoplasm. C-erbB2 (+++), 
patients with confirmed C-erbB2 (++), and data that 
did not undergo Fisher’s exact test were excluded [15]; 
(4) the presence of comedonecrosis [16].

Statistical analysis
We used SPSS 21 (IBM, USA) software to perform the 
statistical analysis. The measurement data (age) was 
presented as mean ± standard deviation. The para-
metric test (unpaired t-test) was used to compare 
the two groups. The other measurement data (Emax, 
Emean, and Emean SD) were presented as median val-
ues (interquartile range). Non-parametric tests were 
used for between-group comparison. Enumeration 
data were presented as a proportion (%) and used the 
χ [2] test or Fisher’s exact test for comparison between 
groups. The weighted kappa was used to assess inter-
observer agreement. Binary logistic regression analy-
sis was used to analyze the correlations of pathological 
prognostic factors with Con-US and SWE imaging 
features and calculate the odds ratio (OR), 95% confi-
dence interval (CI), and area under the curve (AUC). 
The receiver operating characteristic curve was used 
to evaluate the diagnostic value of different modalities 
and the value of joint analysis, and the Delong test was 
used to test the significance of different modalities. 
Statistical significance was set at p < 0.05.
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Results
Clinical data
According to the inclusion criteria, 83 DCIS lesions in 
83 patients were enrolled according to the inclusion 
criteria (Fig. 1). The age of the patients ranged from 33 
to 81 years (average, 54.2 ± 11.0 years). Patient charac-
teristics, mass size, immunomarkers (+/-), and patho-
logical grades are shown in Table 1.

DCIS between groups with different prognostic factors on 
Con-US and SWE sonograms
On Con-US images, microcalcifications showed sta-
tistically significant differences between the non-
high-grade (low-grade and intermediate-grade) and 
high-grade DCIS groups, between the groups with 
and without comedonecrosis, between the PR(+)/(-) 
group, and between the HER2(+)/(-) group (p = 0.000, 
0.002, 0.022, and 0.014 respectively).The morphology 
of the lesions (NML/ML) showed a statistically sig-
nificant difference between the non-high-grade and 
high-grade DCIS groups (p = 0.030). BI-RADS classi-
fication (3-4a/≥4b) was statistically different between 
the non-high-grade and high-grade DCIS groups, the 
group with or without comedonecrosis, the group 

with or without microinfiltration, and the HER2(+)/(-) 
group (p = 0.000, 0.000, 0.048, and 0.019, respectively), 
and CDFI blood flow signal did not show statistically 
significant differences between all prognostic factor 
groups (Table 2).

In the SWE images (Figs. 2, 3 and 4), the Emax val-
ues were significantly different between the non-high-
grade and high-grade DCIS groups and the group with 
and without comedonecrosis (p = 0.006 and 0.006, 
respectively). The Ecolor, Emean values, and EmeanSD 
values were statistically significant between the groups 
with and without comedonecrosis (p = 0.049, 0.012, 
and 0.022, respectively), Ehomo was statistically dif-
ferent between the groups with and without micro-
infiltration (p = 0.029). The sonographic indices of 
SWE did not show statistically significant differences 
between the groups of each immunomarker (Table 3).

Independent predictors and predictive efficacy in Con-US 
and SWE images
According to binary logistic regression analysis, 
microcalcification was an independent risk fac-
tor for high-grade DCIS and comedonecrosis on 
Con-US images, with relative risks (OR) of 5.316 

Fig. 1  Flow chart for patient inclusion
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and 4.512, respectively. The corresponding AUCs 
were 0.699 (95% CI: 0.578−0.819) and 0.678 (95% CI, 
0.523−0.833). On SWE analysis, Emax > 75.03 kPa was 
an independent risk factor for high-grade DCIS with 
an OR of 1.022 and an AUC of 0.682 (95% CI, 0.555–
0.808). Emean > 30.45  kPa was an independent risk 
factor for comedonecrosis, with an OR of 1.025 and 
an AUC of 0.708 (95% CI, 0.562–0.854), and micro-
calcification indices in Con-US in combination with 
Emax > 75.03 kPa and Emean > 30.45 kPa improved the 
predictive specificity of high grade and comedonecro-
sis over the use of indices alone by 0.902 and 0.889, 
respectively (Table 4).

Inter-observer reproducibility
For evaluating the Con-US and SWE images, two 
senior radiologists showed substantial agreement 
(κ = 0.879; 95%CI, 0.826−0.923 and κ = 0.921; 95%CI, 
0.852− 0.990, respectively).

Discussion
With the gradual deepening of the understanding 
of DCIS US sonograms, Con-US sonogram features 
have been shown to correlate with prognostic factors 
of DCIS, showing the feasibility of prognostic predic-
tion of DCIS from a US imaging perspective. A pre-
vious study has shown [17] that microcalcifications in 
grayscale US are valid indicators of an increased risk of 
malignancy in patients with DCIS. The present study 
showed similar findings and confirmed that microcal-
cifications are independent risk factors for predict-
ing high-grade DCIS and comedonecrosis. Although 
blood flow signals, lesion morphology, and BI-RADS 
classification were included, these signs were not inde-
pendent risk predictors.

Elastography is a new US diagnostic technique based 
on non-invasive evaluation of tissue mechanical prop-
erties. Although there are various elastography tech-
niques, SWE is more widely used in clinical practice 
due to its ability to objectively obtain lesion hard-
ness values (e.g., Emax value, Emean value, and Emin 
value), as well as the advantages of higher accuracy and 
reproducibility. One advantage of this method is that 
it is widely used in clinical practice. Due to the rapid 
progression of malignant tumors, there is an increase 
in the number of tumor stromal cells, collagen fibers, 
and remodeling, increasing the hardness of the tis-
sue. Based on this pathophysiological alteration, SWE 
technology has great potential for the identification 
and prediction of malignant breast lesions. Prelimi-
nary studies have shown the correlation between SWE 
quantitative indices and prognostic factors in IDC of 
the breast; however, there are few results in DCIS. In 
this study, qualitative and quantitative elasticity indi-
cators were included, and the results showed that only 
the quantitative indicator, the Emax value, was cor-
related with the pathological grading of DCIS. Previ-
ous studies showed that Emax has been confirmed 
as an auxiliary method for distinguishing between 
benign and malignant breast masses (esp. IDC) and 
predicting the risk of invasiveness of DCIS. However, 
there are differences in the cutoff values, which may 
be related to the use of different instruments, types 
of included cases, the size of the lesion and BI-RADS 
classifications. Previous studies have shown that the 
cutoff value for diagnosing IDC obtained using the 
SuperSonic series instrument is higher (range from 
80 to 180 kPa) [11, 18, 19]. Chang JM et al. [20] found 

Table 1  Clinical information for 83 patients with ductal 
carcinoma in situ
Characteristics n (%)
Age

≥ 50 y 51 (61.4)
< 50 y 32 (38.6)

Symptom
Mass 65 (78.3)
Bleeding 2 (2.4)
Pain 5 (6.0)
Asymptomatic 11 (13.3)

Pathological diameter
≥ 2 cm 30 (36.1)
< 2 cm 53 (63.9)

Comedonecrosis
Yes 35 (42.2)
No 48 (57.8)

ER
Positive 53 (63.9)
Negative 30 (36.1)

PR
Positive 34 (41.0)
Negative 49 (59.0)

Ki-67
Positive 30 (36.1)
Negative 53 (63.9)

HER2
Positive 21 (25.3)
Negative 62 (74.7)

Microinvasion
Yes 29 (34.9)
No 54 (65.1)

Lymph nodes metastasis
Yes 1 (1.2)
No 82 (98.8)

Data are presented as n (%)

ER, estrogen receptor; PR, progesterone receptor;

HER2, human epidermal growth factor receptor 2
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that the Young’s modulus values for invasive cancer 
(including ductal carcinoma and lobular carcinoma) 
were higher than those for ductal carcinoma in situ 
when using SuperSonic SWE imaging (157.5 ± 57.07 
and 169.5 ± 61.06 vs. 117.8  kPa ± 54.72). Evans A [9] 
and Bae JS [21] also used SuperSonic to establish cut-
off values of Emean greater than 50 kPa and 70.7 kPa 
respectively as determining factors for predicting 
whether DCIS is associated with invasive components. 
The cutoff value range for diagnosing IDC using the 
Canon series instrument is 50.85 kPa to 86.45 kPa [22, 
23], which is lower than the SuperSonic series. In this 
study, the Canon 500 and i900 were used for detection, 
and the threshold for high-grade DCIS at 75.03  kPa 
falls within the previously reported range for IDC.

Research exploring the use of SWE for prognostic 
prediction in invasive breast cancers has unveiled sig-
nificant correlations with key factors such as patho-
logical nuclear grade and tumor infiltration. Evans et 

al. [9, 24, 25] highlighted the positive association of 
the Emean value with these factors. In a similar vein, 
Kim et al. [22] emphasized the importance of a high 
EmeanSD value. Notably, while studies on DCIS prog-
nosis and SWE indices are scarce, and this study is the 
first to explore and reveal the relationships between 
these factors. Our findings illuminate the strong link 
between a high Emax value and tumor differentiation, 
with Emax > 75.03 kPa identified as a compelling inde-
pendent risk factor for predicting high-grade DCIS 
prognosis after thorough logistic regression analysis.

Comedonecrosis is an important factor in the poor 
prognosis of DCIS and is associated with increased 
tumor cell proliferative activity [26] and clinically 
aggressive behavior [27]. The pathological basis of 
comedonecrosis is the formation of necrotic areas 
due to hypoxia in the center of the cancerous lesion, 
which usually forms casting-type, coarse, or fine lin-
ear microcalcifications and can be identified by 

Fig. 2  (A) Conventional ultrasound shows a non-mass lesion without microcalcifications in the right mammary outer upper quadrant, BI-RADS 4a. (B) 
Color Doppler shows a rich blood flow signal in the lesion. (C) Shear wave elastography dual-screen image (left shear wave elastographyimage, right 
corresponding grayscale image) and measuring quantitative parameters, Emax for 64.3 kPa, and Emean for 31.2 kPa. (D) The case confirmed mid-grade 
ductal carcinoma in situ with comedonecrosis
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molybdenum targeting and US [28, 29]. In this study, 
we found that Ecolor, Emax, Emean, and EmeanSD 
were significantly different between groups with 
and without concomitant comedonecrosis, indicat-
ing that DCIS tumors with concomitant comedone-
crosis showed a significant increase in hardness and 
heterogeneity on sonograms. After logistic regression 
analysis, only Emean > 30.45  kPa was found to be an 
independent factor for comedonecrosis, which is based 
on the mean value derived from enveloping the entire 
lesion. This better reflects the in-homogeneity within 
the tumor, which increases when there are areas of 
active proliferation, hypoxia, and necrosis within the 
tumor. High-grade DCIS, commonly associated with 
comedonecrosis, may explain the increased hardness 
observed. The presence of central comedonecrosis in 
high-grade DCIS contributes to the elevated stiffness 
and hardness compared to low-grade tumors. This 
necrotic material within the ductal lumens results in 
a denser and firmer texture, accentuating the stiffness 

characteristic of high-grade DCIS tumors [30]. Our 
findings indicate that regions of increased stiffness 
are predominantly located in the superficial layers of 
the lesion, raising the possibility that desmoplasia may 
contribute to this observation. Although desmoplasia 
is typically associated with invasive cancers, it is less 
frequently discussed in the context of DCIS. However, 
some studies suggest that DCIS with comedonecrosis 
may exhibit stromal changes resembling early desmo-
plastic reactions, likely due to the biological aggres-
siveness of high-grade DCIS and its interaction with 
the surrounding microenvironment [31].

In this study, we compared sonographic differences 
between different molecular biomarkers, includ-
ing ER-, PR-, HER2, and Ki-67 negative and positive 
groups, and the results cannot identify a valid inde-
pendent predictor.

This study has some limitations. Firstly, being a ret-
rospective study with a limited sample size, potential 
selection bias may exist. Given the low incidence of 

Fig. 3  (A) Conventional ultrasound shows a mass lesion without microcalcifications in the left mammary outer upper quadrant, BI-RADS 4b. (B) Color 
Doppler shows a small blood flow signal in the lesion. (C) Shear wave elastography dual screen image (left shear wave elastography image, right cor-
responding grayscale image) and measuring quantitative parameters, Emax for 50.9 kPa, and Emean for 24.8 kPa. (D) Case confirmed mid-grade ductal 
carcinoma in situ without comedonecrosis
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DCIS and the study’s single-center nature, the number 
of cases is relatively inadequate. To address this, we 
aim to conduct a multi-center prospective study in the 
future to enhance case collection. Second, this study 
was conducted in a single center, and due to the high 
variability of DCIS US images, different physicians 
may have different opinions; thus, a multicenter study 
under uniform criteria is needed. Third, DCIS associ-
ated with microinvasion (DCIS-MI) was included in 
this study, which has imaging features similar to those 
of pure DCIS on US images. This study only found 
Ehomo differences between groups and did not find 
an independent predictor of risk indicators for DCIS-
MI. Previous studies have reported that blood flow 
richness is an independent risk factor for predicting 
DCIS-MI. Considering the differences in color Dop-
pler display performance and influencing factors, this 
study found that pure DCIS also showed blood flow 
richness, and the ability to accurately predict DCIS-MI 

needs to be further investigated by expanding the sam-
ple size.

Conclusions
Microcalcification signs on Con-US and SWE sono-
graphic Emax and Emean metrics were effective in 
predicting high-grade DCIS and DCIS with com-
edonecrosis, and the combination of the two helped 
improve the specificity of prediction.

Fig. 4  (A) Conventional ultrasound shows a non-mass lesion with multiple microcalcifications in the right mammary outer upper quadrant, BI-RADS 4b. 
(B) Color Doppler shows a rich blood flow signal in the lesion. (C) Shear wave elastography dual-screen image (left shear wave elastography image, right 
corresponding grayscale image) and measuring quantitative parameters, Emax for 144.1 kPa, and Emean for 57.1 kPa.; (D) The case confirmed high-grade 
ductal carcinoma in situ with comedonecrosis and microinfiltration
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