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Abstract: As an emerging technology, radiomics has shown potential values in the field of healthcare. CT/MRI was preferred in 
previous radiomics researches because its images are easy to be standardized. And only until recently, an increasing number of 
studies focusing on the application of ultrasound radiomics in predicting molecular subtypes, identifying of malignant lesions, 
reactions to neoadjuvant chemotherapy, and axillary lymph node metastasis of breast cancer have been published. The purpose 
of this review is to summarize the steps of radiomics used in the field of breast cancer. In conclusion, ultrasound radiomics is a 
promising technology in diagnosing and monitoring breast cancer and further assisting physicians in patient management.
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Introduction
Breast cancer is the most common malignant 

tumor and one of the main causes of cancer death in 
women in most countries in 2018 [1]. Early diagnosis 
and prediction of prognosis and treatment response 
are essential for breast cancer patient management. 
Medical imaging modalities for evaluating breast cancer 
include magnetic resonance imaging (MRI), computed 
tomography (CT), positron emission tomography-
computed tomography (PET-CT), ultrasonography 
(US), and mammography. However, subjective and 
semi-quantitative analysis of images could result in 
some hidden information in images being ignored. The 
exponential growth of medical imaging in the last decade 
has led to the development of radiomics. 

Radiomics was first proposed by Lambin et al. 
in 2012 [2]. It refers to extracting a large number of 
quantitative image features from high-throughput-
screening of medical image and analyzing these features 

for decision support [2,3]. Compared with traditional 
medical imaging, radiomics is more quantitative and 
objective. Currently, publications about radiomics have 
focused on CT, MRI and PET/CT for lung, head and 
neck, colon and prostate cancers. The field of radiomics 
in breast cancer mainly based on MRI [4,5]. As an 
essential examination tool for breast imaging, ultrasound 
might be a useful radiomics approach for breast cancer.

The purpose of this review is to outline the steps of 
radiomics used in the field of breast cancer in predicting 
molecular subtypes, identifying of malignant lesions, 
reactions to neoadjuvant chemotherapy (NACT), and 
management of axillary lymph node (ALN) metastasis.

Radiomics
In 2012, Lambin et al. firstly introduced the concept 

of radiomics [2]. The hypothesis is that quantitative 
analysis of medical image data can capture additional 
information which reflects mechanisms occurring 
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at genetic and molecular levels, and further infer 
phenotypes or gene-protein signatures based on the 
information to improve diagnostic, prognostic, and 
predictive accuracy. The workflow of radiomics includes: 
(a) acquiring high quality and standardized imaging, (b) 
segmenting and defining the region of interest (ROI), 
either automatically with an segmentation method 
or manually by experienced radiologists or radiation 
oncologists, (c) extracting quantitative imaging features 
from the previously segmented ROI, including tumor 
size, shape, intensity, texture and so on, (d) selecting 
the most informative traits from the extracted features 
according to the reproducibility and prominence on the 
data, and independence from other features, (e) analyzing 
the selected features to establish databases and predicting 
models [2,6].  

Methods 
Literature search was done on PubMed and China 

National Knowledge Infrastructure (CKNI) websites 

with the following search terms: breast cancer and 
radiomics, radiomics and ultrasound, breast neoplasms 
and radiomics. Systematic reviews, review articles, meta-
analyses, and randomized controlled trials (published in 
the last 10 years) were considered. Besides, to be more 
comprehensive and thorough, the references of relevant 
reviews were also manually retrieved to identify eligible 
articles.

Results
The literature search on PubMed and CKNI identified 

798 articles in total. Articles were excluded because of 
the following reasons: (a) letters, comments, irrelevant 
studies, and duplicate publication; (b) articles that did 
not consider breast cancer or ultrasound specifically; 
(c) articles that focused on quantitative studies but not 
radiomics. At last, 15 papers were finally included 
for our study (Table 1). There was no formal quality 
assessment about the selected papers.

Table 1 The characteristics of studies on ultrasound radiomics in breast cancer included in this review 

First author Year Country Study design Number of patients Average age of patients (year) Number of radiomics features AUC

Liu [7] 2017 China Retrospective 104 NA 404 0.794

Li [8] 2017 China Retrospective 204 52.0 463 0.732

Zhang [12] 2017 China Retrospective 117 NA 364 0.917

Suo [20] 2017 China Retrospective 158 55.2 428 NA

Guo [9] 2018 China Retrospective 215 NA 463 0.760

Zhou [13] 2018 China Retrospective 205 35.6 4224 NA

Lee [14] 2018 Korea Retrospective 840 42.0 730 0.782

Theek [23] 2018 Germany Retrospective NA NA 235 NA

Li [10] 2019 China Retrospective 96 51.6 460 0.987~0.999

Liu [11] 2019 China Retrospective 125 NA 220 NA

Luo [15] 2019 China Retrospective 315 44.9 1044 0.928

Fleury [16] 2019 Brazil Retrospective 144 43.6 NA 0.840

Li [19] 2019 China Retrospective 53 44.8 1044 0.880

Yu [21] 2019 China Retrospective 426 NA 96 0.810

Sun [22] 2020 China Retrospective 479 48.7 104 0.886

NA: not available

Ultrasound Radiomics in Breast Cancer

Ultrasound radiomics and molecular subtypes 
In 2017, Liu et al. demonstrated that it was feasible 

to predict the expression of estrogen receptor (ER) in 
breast cancer using ultrasound radiomics with a highest 
prediction accuracy of 75.96% [7]. A retrospective study 
published in the same year by Li et al. evaluated the 
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value of ultrasound radiomics in predicting hormone 
receptor status of invasive breast carcinoma [8]. Two 
hundred and four cases of invasive breast carcinomas 
were included and were divided into hormone receptor 
positive group (ER+, PR+, HER-2-) and hormone receptor 
negative group (ER-, PR-, HER-2-). Radiomics features 
were classified into six categories: size, shape, margin, 
internal echoic pattern, posterior acoustic shadow, 
and calcification. All involved ultrasound radiomics 
features except for shape were found with statistically 
significant differences between two groups. Compared 
with hormone receptor negative tumors, hormone 
receptor positive tumors are more likely to be smaller in 
size and have spiculated or angular margin, hyperechoic 
pattern and posterior acoustic shadowing. Besides, 
conjoint analysis of all radiomics features can improve 
the predicting performance. Guo et al. proposed an 
automatic radiomics approach in ultrasound to evaluate 
the correlation between ultrasound radiomics features 
and biological characteristics of breast invasive 
ductal carcinoma (IDC) [9]. Radiomics features were 
sorted into six categories: shape, margin, boundary, 
internal echoic pattern, posterior acoustic shadow 
and calcification. Four features including internal 
echoic pattern, posterior acoustic shadow, margin, and 
calcification were found statistically associated with 
receptor status and subtypes of breast IDC, especially 
internal echo pattern features. High grade triple-negative 
IDC are more likely to have regular shape, circumscribed 
margin, hypo- or complex internal echoic pattern and 
posterior acoustic enhancement. Inversely, low grade 
IDC with positive hormone receptor and HER-2- more 
often have irregular shape, spiculated or angular margin, 
hyperechoic pattern and posterior acoustic shadow. In 
addition, the combination of all radiomics features can 
achieve higher accuracy in predicting receptor status than 
the single feature. In 2019, Li et al. found that ultrasound 
radiomics features are associated with the pathological 
and immunohistochemical characteristics of invasive 
triple-negative breast cancer (TNBC) [10]. Some features 
can predict the expression level of Ki67 and HER-2-, and 
pathological grade with high performance efficacy. In the 
same year, Liu et al. showed that ultrasound radiomics 
may be able to analyze and predict characteristics of 
hormone receptor expression in breast cancer [11]. They 
filtrated and categorized ultrasound radiomics features 
into size, shape, margin, internal echo pattern, posterior 
echo pattern and calcification of tumors. The results 
demonstrated that only the shape character showed no 
statistic difference between hormone receptor positive 
breast cancer (ER+, PR+, HER-2-) and hormone receptor 
negative breast cancer (ER-, PR-, HER-2-). 

Ultrasound radiomics and malignancy
In 2017, Zhang et al. developed a radiomics approach 

on sonoelastography to distinguish between benign and 
malignant breast tumors [12]. Three hundred and sixty-
four high-throughput features about the shape, hardness 
and hardness heterogeneity of breast tumors were 
extracted from 117 sonoelastography images, which are 
all significantly different between benign and malignant 
tumors. Seven features related to shape, intensity and 
contourlet texture were selected and classified based 
on hierarchical clustering and three-feature selection 
metrics. The results demonstrated that malignant tumors 
are stiffer with uneven distribution than benign tumors, 
revealing the feasibility and value of sonoelastography 
radiomics in breast tumor differentiation. In 2018, a 
segmentation-free radiomics approach on shear-wave 
elastography (SWE) was proposed by Zhou et al. to 
distinguish malignant breast tumors from benign changes 
[13]. Convolutional neural network (CNN) was used in 
this radiomics method to automatically extract features 
from the recoded SWE image data. Five hundred and 
forty images from 205 patients were included. The 
results indicated that this CNN based radiomics method 
has great clinical application value in breast tumor 
differentiation. In 2018, a retrospective study aimed to 
propose an ultrasound radiomics method to discriminate 
TNBC and fibroadenoma [14]. They analyzed 715 cases 
of fibroadenoma and 186 cases of TNBC, and then 
extracted 730 features from the US images. They used 
logistic regression with a least absolute shrinkage and 
selection operator (LASSO) to analyze the extracted 
features to construct a radiomics score. The radiomics 
score showed significant performance improvements 
in distinguishing TNBC from fibroadenoma, even in 
Breast Imaging Reporting and Data System (BI-RADS) 
category 3 and 4a lesions which are assumed as benign 
or low suspicious of malignancy. In 2019, a nomogram 
combined radiomics and BI-RADS was proposed by 
Luo et al. to predict breast cancer in BI-RADS category 
4 or 5 lesions [15]. They retrospectively analyzed 315 
patients with breast lesions that could be categorized 
as as 4A, 4B, 4C or 5 according to the second edition 
of the American College of Radiology (ACR) BI-RADS 
US atlas. The results showed that the nomogram had 
better performance in discriminating between malignant 
and benign breast lesions than either the radiomics 
score or BI-RADS category. It suggested that the 
nomogram incorporating radiomics and BI-RADS has 
a potential to be applied in predicting breast cancer in 
BI-RADS category 4 or 5 lesions. In 2019, Fleury et al. 
demonstrated that BI-RADS radiomics features extracted 
from ultrasound images can be used to distinguish 
malignant breast tumors from benign with machine 
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learning algorithms [16]. Ten main radiomics features 
were extracted from 206 ultrasound images of breast 
tumors based on BI-RADS lexicon. Then they used the 
extracted features to categorize benign or malignant 
lesions via five machine learning methods. The results 
showed that some features, especially lesions’ aspect 
ratio and margin features, have higher performance in 
distinguishing benign and malignant breast lesions, and 
other features which have lower performance can present 
better potential when associated with the first ones.

Ultrasound radiomics and neoadjuvant chemotherapy
NACT is the standard treatment for locally advanced 

breast cancer and recently it has been used even in early 
breast cancer, because it can reduce tumor size and 
raise breast-conserving surgery rate without increasing 
locoregional recurrence (LRR) rate [17]. However, the 
pathologic complete response (pCR) rate after NACT is 
low [18]. Whether ultrasound radiomics can predict the 
response of breast cancer after NACT has been explored 
to select patients who are more likely to achieve pCR. 

In 2019, Li et al. explored the value of ultrasound 
radiomics in predicting therapeutic effect of NACT in 
breast cancer [19]. They extracted radiomics features 
from ultrasound images of 54 cases of breast cancer and 
used logistic regression to build an influential prediction 
model based on the extracted features. Ultimately, 6 
selected features were included in logistic regression 
model. The model successfully predicted the clinical 
response after NACT (AUC of 0.88), suggesting that 
ultrasound radiomics might help to forecast curative 
effect of NACT in breast cancer.

Ultrasound radiomics and ALN metastasis
ALN metastasis is an essential prognostic factor in 

breast cancer patients and is one of the most important 
factors in clinical treatment options. Axillary lymph 
node dissection (ALND) for pathological examination 
was a gold standard for the judgment of ALN metastasis 
in breast cancer patients. However, ALND may lead 
to overtreatment and increase some unnecessary 
postoperative complications in early-stage breast cancer 
patients. Sentinel lymph node biopsy (SLNB) has been 
recommended as a standard procedure for lymph node 
metastasis status which is increasingly used in clinical 
practice. However, it still has some problems like 
staining allergy and false-negative results. 

There have been studies demonstrat ing that 
ultrasound radiomics might predict ALN metastasis in 
breast cancer in a non-invasive, safe and accurate way. 
In 2017, a radiomics approach to dual-model ultrasound 
(real-time elastography and B-mode) was proposed 
by Suo et al. to predict ALN metastasis in early breast 

cancer patients [20]. 428 radiomics features were 
extracted from the elastography and B-mode ultrasound 
images of 161 ALNs. They then used LASSO to select 
35 features. The results showed that the selected features 
can differentiate benign from metastatic nodes with 
high accuracy, suggesting that dual-model ultrasound 
(elastography and B-mode) radiomics might help to 
diagnose and distinguish ALN metastasis in breast 
cancer patients. In 2019, Yu et al. developed a radiomics 
nomogram to preoperatively predict ALN metastasis in 
patients with early-stage invasive breast cancer (EIBC) 
[21]. This nomogram integrated clinical risk factors and 
radiomics features from ultrasound images. Four hundred 
and sixty-two ultrasound images of patients with EIBC 
were retrospectively analyzed and divided into a primary 
cohort (n = 300) and a validation cohort (n = 126). 
The results showed that the prediction efficacy of the 
radiomics features about ALN metastasis were moderate 
with AUC of 0.78 and 0.71 in the primary and validation 
cohorts respectively, and the radiomics nomogram had 
good calibration and performance for ALN detection 
with AUC of 0.84 and 0.81 in the primary and validation 
cohort respectively. It demonstrated that the radiomics 
nomogram has a great potential in predicting ALN 
metastasis. In 2020, Sun et al. compared the performance 
of deep CNN with radiomics analysis in predicting 
ALN metastasis on ultrasound and explored the role of 
intratumoral and peritumoral regions in forecasting ALN 
metastasis [22]. They retrospectively analyzed 2,395 
ultrasound images from 479 cases and divided them into 
training cohort (343 patients, 1,715 images) and testing 
cohort (136 patients, 680 images). They constructed 
CNN and radiomics models based on training cohort 
and evaluated the models with ROC analysis based on 
testing cohort. Radiomics showed high accuracy with 
AUCs of 0.940/0.886 for combined region, 0.920/0.724 
for peritumoral region, 0.913/0.693 for intratumoral 
region in both training and testing cohorts. It suggested 
that ultrasound radiomics might be applied to predict 
ALN metastasis in breast cancer. Moreover, combining 
intratumoral and peritumoral regions in prediction may 
receive better performance.

Discussion
Radiomics is an emerging field, especially ultrasound 

radiomics in breast cancer. It is still in its infancy with 
the first relevant paper published in 2017 and only 15 
papers were retrieved through PubMed and CKNI till 
2020. Main applications of these literatures focused on 
predicting molecular subtypes (5/15), differentiating 
benign from malignant tumors (5/15), predicting the 
response after NACT (1/15) and estimating ALN 
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metastasis (3/15) in breast cancer patients. 
Breast cancer is commonly categorized into different 

molecular subtypes based on the expression of tumor 
molecular markers: estrogen receptor (ER), progesterone 
receptor (PR), human epidermal growth factor receptor 
2 (HER-2-) and Ki-67. Different molecular subtypes have 
different therapies and prognoses. Molecular subtype 
is an essential reference for providing the best patient 
management. In predicting molecular subtypes of breast 
cancer, a majority of studies focus on hormone receptors 
(4/5) [7-9,11], especially distinguishing Luminal-A 
breast cancer (ER+, PR+, HER-2-) and TNBC (ER-, 
PR-, HER-2-) (3/5) [8,9,11]. TNBC accounts for 10%-
27% of whole breast cancers and presents the highest 
rate of recurrence and the poorest outcomes. In three 
studies which differentiated Luminal-A from TNBC, the 
extracted ultrasound radiomics features are mainly about 
size, shape, boundary, margin, internal echoic pattern, 
posterior acoustic shadow, and calcification of tumors. 
Among these features, margin, internal echoic pattern, 
posterior acoustic shadow, and calcification show 
statistically significant differences between Luminal-A 
and TNBC. According to these studies, Luminal-A have 
more spiculated or angular margin, hyperechoic pattern, 
posterior acoustic shadow and less calcification while 
TNBCs are more likely to show circumscribed margin, 
hypo- or complex internal echo, posterior acoustic 
enhancement and more calcification.

Furthermore, TNBC sometimes may be mistaken for 
fibroadenoma because of its tendency to show benign 
morphology on ultrasound, but treatment and prognosis of 
TNBC are quite different from fibroadenoma. Radiomics 
on ultrasound may help to distinguish them [14].

At present, studies on ultrasound radiomics are mainly 
based on routine ultrasound [7-11, 14-16,19,21,22]. There 
are also some researchers used other ultrasound imaging 
methods such as sonoelastography and contrast-enhanced 
ultrasound (CEUS) [12,13,20,23]. Sonoelastography can 
depict tissue hardness by color images. Malignant and 
benign tumors have different tissue hardness distributions 
so that their color patterns on sonoelastography are 
different, which is helpful for sonoelastography 
radiomics to differentiate benign from malignant tumors. 
Sonoelastography radiomics may be helpful in not only 
distinguishing benign from malignant breast tumors but 
also diagnosing and differentiating ALN metastasis in 
breast cancer patients [12-13,20]. Only one study based on 
mice suggested the feasibility of radiomics on CEUS [23]. 

Ultrasound radiomics in breast cancer is promising. 
Core needle biopsy (CNB) is the traditional way to 
confirm the biology characterization of breast cancer 
which generally only extracts and analyzes a small 
portion of tumor tissue, which ignores intra-tumor spatial 

and temporal heterogeneity. Imaging has the ability to 
capture tumorous heterogeneity in a non-invasive way 
so that it can provide a more comprehensive view of the 
entire tumor. Moreover, imaging is repeatable so that 
it can be used to monitor the progress of the disease or 
its response to treatment. Compared with other imaging 
modalities like MRI and mammography, ultrasound 
has the advantages of real-time, radiation-free and low-
cost. Ultrasound radiomics have all the advantages 
of traditional ultrasound with higher sensitivity than 
traditional ultrasound [8,11,19]. Moreover, conjoint 
analysis of those radiomics features may provide better 
performance [8,9].

There are several limitations of our study. Firstly, all 
retrieved 15 studies are retrospective study design with 
a relatively small simple size. Larger prospective and 
multicenter studies are needed to verify these preliminary 
results. Secondly, there are many uncertainties during 
procedures of image acquisition, reconstruction of 
calculation methods, and parameter settings of different 
equipment. The regions of tumors are manually delineated 
in some studies [15,16,20-22]. Some inevitable errors 
and bias from different operators may affect the 
reproducibility of the results. That’s why efficient and 
standardized systems for feature extraction and data 
sharing need to be unified. So far as the methodology to 
be concerned, support vector machine were commonly 
used to classify the selected radiomics features [7-
10,13,16,20], while some studies did not use the method. 
Besides, since different machine learning methods have 
different efficacy, how to choose proper method is still 
inconclusive [7,13,16].

In conclusion, as a promising technology, the usage 
of ultrasound radiomics in breast cancer could assist 
physicians in better patient management. However, more 
prospective studies with higher level of evidence are 
required.
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