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ABSTRACT
Objectives: Ultrasound (US) is commonly used for diagnostic evaluation of breast lesions. The objective of this 
study was to investigate the association between US imaging morphology from routine radiologists’ interpretation 
and biological behavior such as receptor status and tumor grade determined from histopathology in invasive 
ductal carcinoma (IDC).

Material and Methods: This retrospective study included 453 patients with pathology-verified diagnosis of IDC 
who had undergone US imaging and had surgery over a 5-year period. US and surgical pathology reports were 
reviewed and compiled. Correlation analyses and age-adjusted multivariable models were used to determine the 
association between US imaging morphology and receptor status, tumor grade, and germ line mutation of the 
breast cancer genes (BRCA1 and BRCA2). The odds ratio (OR), area under receiver operating characteristic curve 
(AUC), and 95% confidence intervals (CI) were obtained.

Results: The likelihood for high-grade cancer increased with size (OR: 1.066; CI: 1.042–1.091) and hypo-echogenicity 
(OR: 2.044; CI: 1.337–3.126), and decreased with angular or spiculated margins (OR: 0.605; CI: 0.393–0.931) and 
posterior acoustic shadowing (OR: 0.352; CI: 0.238–0.523). These features achieved an AUC of 0.799 (CI: 0.752–0.845) 
for predicting high-grade tumors. The likelihood for Estrogen Receptor-positive tumors increased with posterior 
acoustic shadowing (OR: 3.818; CI: 2.206–6.607), angulated or spiculated margins (OR: 2.596; CI: 1.159–5.815) and 
decreased with US measured tumor size (OR: 0.959; CI: 0.933–0.986) and hypoechoic features (OR: 0.399; CI: 0.198–
0.801), and achieved an AUC of 0.787 (CI: 0.733–0.841). The likelihood for Progesterone Receptor-positive tumors 
increased with posterior acoustic shadowing (OR: 2.732; CI: 1.744–4.28) and angulated or spiculated margins (OR: 
2.618; CI: 1.412–4.852), and decreased with US measured tumor size (OR: 0.961; CI: 0.937–0.985) and hypoechoic 
features (OR: 0.571; CI: 0.335–0.975), and achieved an AUC of 0.739 (CI: 0.689–0.790). The likelihood for Human 
epidermal growth factor receptor 2-positive tumors increased with heterogeneous echo texture (OR: 2.141; CI: 1.17–
3.919) and decreased with angulated or spiculated margins (OR: 0.408; CI: 0.177–0.944), and was marginally associated 
with hypoechoic features (OR: 2.101; CI: 0.98–4.505) and circumscribed margins (OR: 4.225; CI: 0.919–19.4). The 
model with the aforementioned four US morphological features and achieved an AUC of 0.686 (CI: 0.614–0.758). 
The likelihood for triple-negative breast cancers increased with hypo-echogenicity (OR: 2.671; CI: 1.249–5.712) and 
decreased with posterior acoustic shadowing (OR: 0.287; CI: 0.161–0.513), and achieved an AUC of 0.739 (CI: 0.671–
0.806). No statistical association was observed between US imaging morphology and BRCA mutation.

Conclusion: In this study of over 450 IDCs, significant statistical associations between tumor grade and receptor 
status with US imaging morphology were observed and could serve as a surrogate imaging marker for the 
biological behavior of the tumor.
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INTRODUCTION

Ultrasound (US) imaging plays an important and established 
role in diagnosis of breast cancer, image guidance for biopsies, 
and as an adjunct to mammography for screening women 
with dense breasts. Tumor grade and receptor status have 
important implications for treatment, prognostication and 
prediction of nodal metastasis. Given the wide availability 
of the US imaging and the ease of performing US-guided 
biopsies,[1-5] establishing an association between US imaging 
morphology and grade and receptor status of the tumor 
could serve as a useful surrogate imaging marker.

Among breast cancer types, invasive ductal carcinoma (IDC) 
is the most common and accounts for 70–80% of all breast 
cancers.[6] Typically, IDC manifests as a mass on sonographic 
images and the presence of posterior acoustic shadowing is 
considered one of the important characteristics of malignancy. 
However, there is a growing body of evidence indicating that 
posterior acoustic shadowing is often associated with low-grade 
tumors[7-9] and hormone-receptor positive tumors.[8-10] Studies 
indicate that posterior acoustic enhancement is observed 
often in high-grade tumors[7-9] and in tumors with at least one 
negative hormone receptor.[8,9] In terms of acoustic texture, 
majority of malignancies manifest as hypoechoic lesions.[11] 
Although hyperechoic lesions are generally associated with 
benign lesions, it can occur in malignancies and is observed 
more often in lobular carcinoma compared to IDC.[12] In 
terms of shape, majority of malignancies appear with an 
irregular shape.[11] The association between tumor margin on 
US imaging and tumor grade is less clear. One study reported 
that high-grade IDCs are more likely to exhibit microlobulated 
margins,[11] whereas another study reported that circumscribed 
margins occur more often in high-grade tumors.[10] Studies 
have reported that circumscribed margin and an abrupt 
boundary are more likely in triple-negative tumors.[10,13] It has 
also been reported that some of the sonographic findings vary 
with age.[8] An attempt to identify US image features that were 
associated with germ line mutation of the breast cancer genes 
(BRCA1 and BRCA2) did not yield specific features.[14]

Motivated by the aforementioned studies, this investigation, 
probably the largest series to our knowledge, was conducted 
to determine if these observations could be verified, and if 
additional features can be identified after controlling for 
age, in a large cohort of IDCs. Hence, this study was aimed 
at identifying US image morphological features that are 
associated with: (1) receptor status, (2) histological grade, 
and (3) breast cancer genetic mutation (BRCA1 and BRCA2).

MATERIAL AND METHODS

Human subjects

This retrospective study was conducted at a North American 
academic center under an institutional review board-

approved, Health Insurance Portability and Accountability 
Act-compliant protocol with waiver of informed consent. 
A  query of the institutional cancer registry was conducted 
to identify all subjects diagnosed with breast cancer 
between the time period of January 2012 and December 
2016. This query yielded a total of 1781 patients diagnosed 
with breast cancer. For this study, patients were included, 
if they satisfied all of the following inclusion criteria: had a 
pathological diagnosis of IDC, had US findings, had initial 
diagnosis established by US-guided biopsy, and had surgery 
(lumpectomy/mastectomy) at our institution. A  total of 
453  patients satisfied the inclusion/exclusion criteria and 
formed the analyzed cohort.

Data collection

For each subject in the analyzed cohort, the pathological 
reports and the US imaging reports were reviewed by a 
4th-year radiology resident undergoing breast imaging 
rotation under the direct supervision of a breast imaging 
fellowship-trained, attending radiologist with more than 
25 years of experience. During the time period used for data 
collection, all patients had undergone US imaging (IU-22, 
Philips Healthcare, Bothell, WA) using a 17–5 MHz or a 12–5 
MHz linear array transducer. All US imaging interpretations 
were performed by breast imaging-fellowship trained 
radiologists with 2–15 years of experience after training. For 
the analysis determining the association between US imaging 
features and histopathology, the histopathology results 
from the surgical procedure were considered the reference 
standard or truth.

Data preparation

The maximum extent of the tumor measured along 
three orthogonal directions was used to determine the 
US measured size. The collected nominal, ordinal, and 
binary data were numerically coded. The ordinal scale for 
tumor differentiation was numerically coded as 3: poorly-
differentiated or high-grade, 2: moderately-differentiated or 
medium-grade, and, 1: well-differentiated or low-grade.

Statistical methods

All continuous variables were tested for normal distribution 
(Shapiro–Wilk’s test) and appropriate summary statistics 
were obtained. Correlations (Spearman rho) between US 
provided morphological features and histopathology were 
assessed. For binary histopathology outcome measures, 
multivariable logistic regression models were used to assess 
their association with US morphological features. US 
features that exhibited reasonable correlation with pathology 
(P < 0.2) were considered as potential predictors and stepwise 
selection were used to determine the final set of predictors 
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and to obtain the odds ratio (OR) along with the Wald’s 95% 
confidence interval (CI). Receiver operating characteristic 
(ROC) analyses were performed and the area under the ROC 
curves (AUC) were obtained. Hosmer-Lemeshow goodness 
of fit test and leave-one out cross validation were performed. 
All multivariable logistic regression models employed Firth’s 
bias correction.[15] Age was considered as a covariate due 
to the observation by Aho et al. that noted some of the US 
imaging characteristics varied with age.[8] For histopathology-
provided ordinal outcome measure (tumor grade), ordered 
logistic regression was attempted. If the proportional odds 
assumption could not be satisfied, then a generalized linear 
model was fit by specifying a multinomial distribution 
and cumulative logit-link function. Effects associated with 
P < 0.05 were considered statistically significant. All analyses 
were performed using statistical software (SAS® version 9.4, 
SAS Institute Inc., Cary, NC).

Pathology criteria

We retrospectively reviewed the prior pathological reports 
from the electronic medical records [Table 1]. Both the 
biopsy and surgical specimen reports were reviewed to 
establish the final tumor type and grade. Formalin-fixed and 
paraffin embedded samples were used for tissue analysis. 
The cancer type, grade, and receptor status were evaluated. 
The cancer type was determined based on Eosinophilic and 
Hematoxylin staining and special stains, where applicable. 
The Scarff-Bloom Richardson System was used for grading. 
The invasive cancers were classified into well-differentiated 
(Grade 1), moderately-differentiated (Grade 2), and poorly-
differentiated (Grade  3). For estrogen receptor (ER) and 
progesterone receptor (PR) status staining percentages 
>10% were considered positive. Human epidermal growth 
factor receptor 2 (HER2) testing was determined by 
immunofluorescence staining. The equivocal cases were 
further assessed by fluorescence in situ hybridization test to 
establish if the tumor was HER2 positive or not.

RESULTS

The age distribution satisfied the normality assumption 
(P = 0.648) and the mean ± SD was 60.9 ± 12.6 years. The 
US measured tumor size did not satisfy the normality 
assumption (P < 0.001). The median and inter-quartile range 
(IQR) was 14  mm and 9–19  mm, respectively. The results 
are organized by tumor grade, followed by receptor status 
and BRCA mutation. Table  2 summarizes the results from 
correlation analysis and from multivariable modeling.

Differentiation/Grade

Tumor differentiation graded on an ordinal scale (3: 
poorly-differentiated, 2: moderately-differentiated, 

and 1: well-differentiated) was positively correlated 
with US measured tumor size (ρ = 0.365, P < 0.001), 
circumscribed (ρ = 0.115, P = 0.014) or microlobulated 
(ρ = 0.160, P < 0.001) margins, heterogeneous echo 
texture (ρ = 0.100, P = 0.033), posterior enhancement 
(ρ = 0.224, P = 0.009) and hypoechoic lesions (ρ = 0.201, 
P < 0.001), and negatively correlated with angular or 
spiculated margins (ρ = −0.138, P = 0.003), isoechoic 
lesions (ρ = −0.193, P < 0.001), and posterior acoustic 
shadowing (ρ = −0.235, P = 0.006). The proportional odds 
assumption could not be satisfied (P < 0.001). Hence, a 
generalized linear model was fit. After adjusting for age, 
the likelihood for poorly differentiated tumor increased 
with US measured tumor size (OR: 1.066; CI: 1.042–1.091, 
P < 0.001), and hypoechoic features (OR: 2.044; CI: 1.337–
3.126; P = 0.001), and decreased with angular or spiculated 
margins (OR: 0.605; CI: 0.393–0.931; P = 0.022), and 
posterior acoustic shadowing (OR: 0.352; CI: 0.238–0.523; 
P < 0.001). Figure 1 shows an example case of a high-grade, 
ER/PR positive tumor. [Figure 2] shows an example case of 
a low-grade, ER negative tumor. Follow-up multivariable 
logistic regression analysis was performed by dichotomizing 
to high-grade versus low-  or moderate-grade tumors. 
The overall model was significant (likelihood ratio test, 
P < 0.0001) and satisfied Hosmer-Lemeshow goodness-of-fit 
test (P = 0.807). Figure 3 shows the ROC curve for the overall 
model with the aforementioned four US morphological 
features and achieved an AUC of 0.799 (CI: 0.752–0.845). 
Regarding US measured tumor size, the mean (IQR) for 
well differentiated, moderately differentiated, and poorly 
differentiated tumors were 10 (7–15) mm, 14 (9–20) mm, 
and 16.5 (12–25) mm, respectively.

Table 1: Histopathology of the analyzed cohort.

Invasive ductal cancers n=453

Differentiation
Well differentiated 119/453 (26.3%)
Moderately differentiated 214/453 (47.2%)
Poorly differentiated 120/453 (26.5%)

Stage
Stage I 261/453 (57.6%)
Stage II 143/453 (31.6%)
Stage III 32/453 (7.1%)
Stage IV 17/453 (3.8%)

Receptor status
ER positive 369/453 (81.5%)
PR positive 322/453 (71.1%)
HER2 positive 55/453 (12.1%)
Triple-negative 63/453 (13.9%)
BRCA testing performed 134/453 (29.6%)
BRCA1 mutation 7/134 (5.2%)
BRCA2 mutation 8/134 (6.0%)
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Histopathology Correlation analysis Multivariable modeling

with numerical coding US imaging feature
(Spearman ρ, P-value)

US imaging feature
(Odds Ratio; Wald’s 95% CI; P-value)

Differentiation US measured tumor size
(Ρ=0.365, Ρ<0.001)

US measured tumor size
(OR: 1.066; CI: 1.042–1.091; Ρ<0.001)

3: Poorly differentiated Circumscribed margins
(Ρ=0.115, Ρ=0.014)

Hypoechoic
(OR: 2.044; CI: 1.337–3.126; Ρ=0.001)

2: Moderately differentiated Microlobulated margins
(Ρ=0.160, Ρ<0.001)

Angular or spiculated margins
(OR: 0.605; CI: 0.393–0.931; Ρ=0.022)

1: Well differentiated Heterogeneous echo texture
(Ρ=0.100, Ρ=0.033)

Posterior acoustic shadowing
(OR: 0.352; CI: 0.238–0.523; Ρ<0.001)

Posterior enhancement
(Ρ=0.224, Ρ=0.009)
Hypoechoic
(Ρ=0.201, Ρ<0.001)
Angular or spiculated margins
(Ρ=−0.138, Ρ=0.003)
Isoechoic
(Ρ=−0.193, Ρ<0.001)
Posterior acoustic shadowing
(Ρ=−0.235, Ρ=0.006)

ER Angulated or spiculated margins
(Ρ=0.158, Ρ<0.001)

Angulated or spiculated margins
(OR: 2.596; CI: 1.159–5.815; Ρ=0.017)

1: ER positive Non-parallel orientation
(Ρ=0.101, Ρ=0.032)

Posterior acoustic shadowing
(OR: 3.818; CI: 2.206–6.607; Ρ<0.001)

0: ER negative Isoechoic
(Ρ=0.103, Ρ=0.028)

US measured tumor size
(OR: 0.959; CI: 0.933–0.986; Ρ<0.001)

Posterior acoustic shadowing
(Ρ=0.284, Ρ<0.001)

Hypoechoic
(OR: 0.399; CI: 0.198–0.801; Ρ=0.001).

US measured tumor size
(Ρ=−0.182, Ρ<0.001)
Microlobulated margins
(Ρ=−0.130, Ρ=0.006)
hypoechoic
(Ρ=−0.110, Ρ=0.019)
Posterior enhancement
(Ρ=−0.210, Ρ<0.001)

PR Angulated or spiculated margins
(Ρ=0.158, Ρ<0.001)

Angulated or spiculated margins
(OR: 2.618; CI: 1.412–4.852; Ρ=0.002)

1: PR positive Non-parallel orientation
(Ρ=0.101, Ρ=0.032)

Posterior acoustic shadowing
(OR: 2.732; CI: 1.744–4.28; Ρ<0.001)

0: PR negative Isoechoic
(Ρ=0.103, Ρ=0.028)

US measured tumor size
(OR: 0.961; CI: 0.937–0.985; Ρ=0.001)

Posterior acoustic shadowing
(Ρ=0.284, Ρ<0.001)

Hypoechoic
(OR: 0.571; CI: 0.335–0.975; Ρ=0.04)

US measured tumor size
(Ρ=−0.182, Ρ<0.001)
Microlobulated margins
(Ρ=−0.130, Ρ=0.006)
Hypoechoic
(Ρ=−0.110, Ρ=0.019)

Table 2: Results from correlation analysis and multivariable modeling with surgical histopathology as the reference standard. The numerical 
coding scheme for histopathology is included. Italicized features indicate negative correlation or lower likelihood.

(Contd...)
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Receptor status

Estrogen-receptor (ER) positive cancers were significantly 
correlated with angulated or spiculated margins (ρ = 0.158, P < 
0.001), non-parallel orientation (ρ = 0.101, P = 0.032), isoechoic 
tumors (ρ = 0.103, P = 0.028), and posterior acoustic shadowing 
(ρ = 0.284, P < 0.001), and were negatively correlated with US 
measured tumor size (ρ = −0.182, P < 0.001), microlobulated 
margins (ρ = −0.130, P = 0.006), hypoechoic tumors (ρ = −0.110, 
P = 0.019) and posterior enhancement (ρ = −0.210, P < 0.001). 
Age-adjusted multivariable logistic regression model indicated 
that the likelihood for ER-positive tumors increased with 
posterior acoustic shadowing (OR: 3.818; CI: 2.206–6.607; 
P < 0.001), angulated or spiculated margins (OR: 2.596; CI: 
1.159–5.815; P = 0.017) and decreased with US measured tumor 
size (OR: 0.959; CI: 0.933–0.986; P < 0.001) and hypoechoic 
features (OR: 0.399; CI: 0.198–0.801; P = 0.001). Figure 4a shows 
the ROC curve with the aforementioned four US morphological 
features as predictors of ER-positive tumors and achieved an 
AUC of 0.787 (CI: 0.733–0.841).

Since PR positive cancers were significantly correlated 
with ER status (Ρ = 0.748, P < 0.001), the same set of US 
morphological features as ER status were also significantly 
correlated (P < 0.028) with PR status. Age-adjusted 
multivariable logistic regression model indicated that the 
likelihood for PR-positive tumors increased with posterior 
acoustic shadowing (OR: 2.732; CI: 1.744–4.28; P < 0.001) 
and angulated or spiculated margins (OR: 2.618; CI: 1.412–
4.852; P = 0.002), and decreased with ultrasound measured 
tumor size (OR: 0.961; CI: 0.937–0.985; P = 0.001) and 
hypoechoic features (OR: 0.571; CI: 0.335–0.975; P = 0.04). 
Figure  4b shows the ROC curve for differentiating PR-
positive from PR-negative tumors with the aforementioned 
four US morphological features and achieved an AUC of 
0.739 (CI: 0.689–0.790).

Human epidermal growth factor receptor 2 (HER2) positive 
cancers were significantly correlated with US measured 
tumor size (ρ = 0.143, P = 0.002), circumscribed margins 
(ρ = 0.104, P = 0.027), and heterogeneous echo texture 

Histopathology Correlation analysis Multivariable modeling

Posterior enhancement
(Ρ=−0.210, Ρ<0.001)

HER2 US measured tumor size
(Ρ=0.143, Ρ=0.002)

Heterogeneous echo texture
(OR: 2.141; CI: 1.17–3.919; Ρ=0.014)

1: HER2 positive Circumscribed margins
(Ρ=0.104, Ρ=0.027)

Angulated or spiculated margins
(OR: 0.408; CI: 0.177–0.944; Ρ=0.036)

0: HER2 negative Heterogeneous echo texture
(Ρ=0.122, Ρ=0.009)
Angulated or spiculated margins
(Ρ=−0.095, Ρ=0.043)
Posterior acoustic shadowing
(Ρ=−0.097, Ρ=0.039)

TNBC US measured tumor size
(Ρ=0.123, Ρ=0.009)

Hypoechoic
(OR: 2.671; CI: 1.249–5.712; Ρ=0.011)

1: TNBC Hypoechoic
(Ρ=0.113, Ρ=0.016)

Posterior acoustic shadowing
(OR: 0.287; CI: 0.161–0.513; Ρ<0.001)

0: Not TNBC Posterior enhancement
(Ρ=0.156, Ρ=0.001)
Age
(Ρ=−0.147, Ρ<0.002)
Angular or spiculated margins
(Ρ=−0.118, Ρ=0.012)
Isoechoic tumors
(Ρ=−0.096, Ρ=0.042)
Posterior acoustic shadowing
(Ρ=−0.219, Ρ<0.001)

US: Ultrasound, OR: Odds ratio, CI: Confidence interval, ER: Estrogen receptor, PR: Progesterone receptor, HER2: Human epidermal growth factor, 
TNBC: Triple negative breast cancers

Table 2: (Continued)
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Figure  2: A  54-year-old woman with spiculated mass on a screening mammogram in the upper inner quadrant of the right breast. 
(a) Mediolateral oblique view. (b-d) show an irregular, hypoechoic mass measuring 5 x 5 x 8 mm with angular margins and posterior acoustic 
shadowing at 2 o’clock position and at 8 cm from the nipple corresponding to the spiculated mass on mammography. (e) Ultrasound image 
from biopsy procedure showing the needle. (f) invasive ductal carcinoma, grade 1, showing malignant cells in sheets with tumor infiltrating 
lymphocytes (H  &  E stain). (g) High-power view showing numerous mitosis (arrows) and marked nuclear pleomorphism (arrowheads). 
(h) Estrogen receptor immunostain shows negative staining.
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Figure  1: A 37-year-old woman with a palpable mass on the upper outer quadrant of the right breast. (a) Cranio-caudal mammogram. 
(b)  Mediolateral Oblique mammogram. Arrows in (a and b) mark the lesion. The triangular skin marker indicating the location of the 
palpable mass is visible in (b). (c-e) Ultrasound imaging show a circumscribed 1.6 × 1.8 × 1.5 cm hypoechoic mass with flow and post 
enhancement at 11 o’clock position and 10 cm from nipple corresponding to the mass in mammograms. (f) Ultrasound image from biopsy 
procedure showing the needle. (g) invasive ductal carcinoma, grade 1, showing infiltrating malignant glands within desmoplastic stroma 
(H&E stain). (h) high-power magnification showing predominant tubular formation (arrows), mild nuclear atypia with rare/no mitosis (H&E 
stain). (i) ER immunostain showing strong diffuse positivity with anti-ER antibody. 
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Figure  3: The receiver operating characteristic from multivariable 
logistic regression model for differentiating high versus low 
or moderate grade invasive ductal carcinoma with ultrasound 
morphological features of size, hypo-echogenicity, angular or 
spiculated margins, and posterior acoustic shadowing as predictors.
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(ρ = 0.122, P = 0.009), and were negatively correlated with 
angulated or spiculated margins (ρ = −0.095, P = 0.043) and 
posterior acoustic shadowing (ρ = −0.097, P = 0.039). HER2 
status was marginally correlated with hypoechoic tumors 
(ρ = 0.087, P = 0.065). Age-adjusted multivariable logistic 
regression model indicated that the likelihood for HER2-
positive tumors increased with heterogeneous echo texture 
(OR: 2.141; CI: 1.17–3.919, P = 0.014) and decreased with 
angulated or spiculated margins (OR: 0.408; CI: 0.177–0.944; 
P = 0.036). In addition, the likelihood for HER2 positive 
tumors showed a statistically marginal association with 
hypoechoic features (OR: 2.101; CI: 0.98–4.505; P = 0.056) 
and circumscribed margins (OR: 4.225; CI: 0.919–19.4; 
P = 0.064). Figure  4c shows the ROC curve for the 
differentiating HER2-positive from HER2-negative tumors 
with the aforementioned four US morphological features and 
achieved an AUC of 0.686 (CI: 0.614–0.758).

Triple negative breast cancers (TNBCs) constituted 
63/453 (13.9%) of the analyzed cohort. TNBCs were positively 
correlated with US measured tumor size (ρ = 0.123, P = 0.009), 
hypoechoic lesions (ρ = 0.113, P = 0.016), and posterior 
enhancement (ρ = 0.156, P = 0.001), and were negatively 
correlated with age (Ρ = −0.147, P < 0.002), angular or spiculated 
margins (ρ = −0.118, P = 0.012), isoechoic tumors (ρ = −0.096, 
P = 0.042), and posterior acoustic shadowing (ρ = −0.219, 
P < 0.001). Age-adjusted multivariable logistic regression model 
indicated that the likelihood for triple-negative breast cancers 
increased with hypoechoic features (OR: 2.671; CI: 1.249–5.712; 
P = 0.011) and decreased with posterior acoustic shadowing 
(OR: 0.287; CI: 0.161–0.513, P < 0.001). The model with the 
above mentioned US morphological features achieved an AUC 
of 0.739 (CI: 0.671–0.806) for identifying triple-negative breast 
cancers [Figure 4d].

All multivariable logistic regression models were significant 
(likelihood ratio test, P < 0.0014) and satisfied the Hosmer-
Lemeshow goodness-of-fit tests (P > 0.374).

BRCA mutation

Among 453 subjects, 134/453  (29.6%) had BRCA testing. 
Only 7/134  (5.2%) were BRCA1 positive and 8/134  (6%) 
were BRCA2 positive. Although BRCA1 status was 
positively correlated with posterior enhancement (Ρ = 0.224, 
P = 0.009) and was negatively correlated with posterior 
acoustic shadowing (Ρ = −0.235, P = 0.006), age-adjusted 
multivariable logistic regression model did not identify these 
features to be predictive of BRCA1 mutation. None of the US 
features were correlated with BRCA2 mutation.

DISCUSSION

In a retrospective study of 120 IDCs, it was reported that 
posterior acoustic shadowing was observed often in low-

Figure  4: Receiver operating characteristic curves from age-
adjusted multivariable logistic regression models with ultrasound 
morphological features as predictors to differentiate (a) ER-positive 
from ER-negative, (b) PR-positive from PR-negative, (c) HER2-
positive from HER2-negative, and (d) TNBC from non-TNBCs. 
ER: Estrogen receptor, PR: Progesterone receptor, HER2: Human 
epidermal growth factor receptor 2, TNBC: Triple negative breast 
cancers.
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grade tumors than in high-grade tumors (71% vs. 28%), and 
posterior acoustic enhancement (36%) and well-defined 
margin (16%) were present in a substantial proportion of high-
grade tumors.[7] A similar observation of posterior acoustic 
shadowing was more likely to occur in low-grade tumors 
was made by Aho et al.[8] Irshad et al.[9] observed increased 
likelihood of low-grade tumors when posterior shadowing is 
present and increased likelihood of high-grade tumors when 
posterior enhancement is present. In a study of 299 IDCs by 
Blaichman et al., high-grade tumors were associated with 
posterior enhancement, abrupt interfaces and microlobulated 
margins.[11] Celebi et al. studied 201 invasive breast cancers 
and noted that lesions with posterior acoustic shadowing were 
more likely to be of low histologic grade.[10] Our results are 
broadly consistent with the prior literature in that we observed 
a statistical relationship between lack of posterior acoustic 
shadowing, but not necessarily posterior enhancement, as a 
significant feature of poorly-differentiated, high-grade tumors. 
We identified additional US features pertaining to echogenicity 
and margins that were associated with high-grade tumors. 
Specifically, after adjusting for age and size (i.e., when age 
and size are maintained constant), tumors with hypoechoic 
features have >2 times the odds for poorly differentiated tumor. 
Furthermore, tumors that lack angular or spiculated margins 
have lower (0.6  times) odds for being high-grade. Echoic 
features were classified as hyper, iso or hypo-echoic according 
to BI-RADS criteria and no additional grading was performed.

Regarding receptor status, Aho et al.[8] also noted that 
posterior acoustic enhancement was more common in 
ER negative tumors and that some of the sonographic 
characteristics varied with age. Irshad et al. also observed 
increased likelihood of ER positive tumors when posterior 
shadowing is present.[9] Celebi et al. noted that lesions with 
posterior acoustic shadowing have at least one positive 
receptor.[10] In addition to confirming that posterior acoustic 
shadowing was associated with ER positive tumors, our study 
identified additional features. After adjusting for age and size, 
tumors with angulated or spiculated margins have >2.5 times 
the odds, and absence of hypoechoic features have lower 
(0.4 times) odds, for ER-positive tumors.

It has been reported that tumors with circumscribed margins 
occurred more often in triple-negative tumors.[10] We did 
not observe a statistical association between circumscribed 
margins and tripe-negative breast cancers. In a study of 344 
invasive cancers of which 70 were triple-negative tumors, it 
was noted that they were more likely to present as hyperechoic 
tumors with an abrupt boundary and with posterior acoustic 
enhancement.[13] In this study, age-adjusted multivariable 
logistic regression model indicated that absence of posterior 
acoustic shadowing, and not necessarily the presence of 
posterior acoustic enhancement, was associated with triple-
negative tumors. Our observations contradict Jung et al.,[13] 

in that we observed that tumors with hypoechoic features 
had more than twice the odds for being triple-negative 
tumors. We also did not observe an association between 
tumor boundary or margins and triple-negative tumors. We 
did observe that tumors with posterior acoustic shadow had 
lower odds (0.28 times) of being triple-negative tumors.

A prior study in which 33/181  (18.2%) patients with 
malignancies had germ line mutations in breast cancer genes 
BRCA1 and BRCA2, did not observe any noticeable US 
imaging characteristics that were specific to BRCA mutations.[14] 
Although our study observed a statistically positive correlation 
between posterior acoustic enhancement and BRCA1 mutation, 
this was non-specific and hence was not a significant predictor.

There were limitations. Although a large sample size, this was 
a single institutional retrospective study. Larger prospective 
trials from different centers and different geographic 
locations to corroborate these findings would be useful. 
During the study period, US elastography was not available 
at our institution. Hence, the association between parameters 
related to stiffness and tumor grade were not analyzed. The 
study focused on the US features of the index lesions and not 
the lymph nodes, as only a subset were node-positive due to 
the higher prevalence of T1 and T2 tumors in our cohort. 
The template for reporting at our institution included tumor 
size, shape, margins, echogenicity, and posterior features. 
Additional findings such as echogenic halo, peritumoral 
edema, necrosis, and skin involvement were not uniformly 
recorded and hence were not considered for analysis.

CONCLUSION

In our large series, US morphology, such as tumor size, 
margins, echogenicity, and posterior features showed 
significant association with tumor grade and receptor status. 
High-grade tumors were more hypoechoic, lacked angular 
or spiculated margins, and lacked posterior shadowing. ER/
PR positive tumors were positively associated with irregular 
margins and posterior shadowing and negatively with tumor 
size and hypo-echogenicity. In our study, TNC had increasing 
tumor size, hypo-echogenicity, and lacked of posterior acoustic 
shadowing. The number of tumors with BRCA mutations was 
too small to make any meaningful conclusions. US morphology 
in our study was a good surrogate marker for tumor grade, 
receptor status and therefore helps corroborate histological 
findings where advanced laboratory facilities are available. In 
resource-limited settings where advanced laboratory support is 
lacking, US morphology could serve as a useful marker for the 
biological behavior of the tumor and guide treatment options.
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