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Abstract: Objective To develop a predictive model using deep learning (DL) techniques based on breast ultrasound grayscale
images and ultrasound elastography, and to explore the diagnostic efficacy of this model in differentiating benign from
malignant breast lesions. Methods A retrospective collection was made of data from 1 000 breast lesions that underwent
surgical treatment at Linyi People's Hospital Breast Surgery Department from May 2020 to April 2021, including ultrasound
images and related clinical pathological information. The ultrasound grayscale images and ultrasound elastography of the
largest section of each lesion were selected and randomly divided into training, validation, and test sets at a ratio of 7:2:1. A
predictive model was constructed based on neural networks using the training and validation sets, and the diagnostic efficacy
of the model was tested with the test set images. Four ultrasound physicians were invited to read the test set ultrasound
images independently, and their diagnostic efficacies were compared with the model's performance. Results The area under
the curve (AUC) value (0.907) of the receiver operating curve (ROC) of DL model for breast lesion diagnosis was higher than all
participating physicians, with a statistically significant difference (P<0.05). The average AUC value for the diagnosis by senior
physicians (0.835) was higher than that for junior physicians (0.719), with a statistically significant difference (P<0.05). When the
model assisted junior physicians and senior physicians in diagnosing the test set breast lesions, the average AUC value was
0.806 and 0.864, respectively. After assistance from the model, the diagnostic efficacy of physicians of different experience
levels improved, with a more significant increase for junior physicians (P<0.05). Notably, there was no statistically significant
difference in the AUC values between the junior physicians assisted by the DL model and the senior physicians reading alone
(P>0.05). Conclusion A predictive model based on dual-modality ultrasound DL can significantly improve the diagnostic
efficacy of physicians in differentiating benign from malignant breast lesions.
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Breast cancer is the most common cancer in females
worldwide, with a relatively high mortality and an
increasing incidence at younger ages. Early and accurate
diagnosis is crucial [1-2]. Ultrasound plays an important
role in the diagnosis and treatment of breast cancer [3].
Breast ultrasound has a high diagnostic value in revealing
basic characteristics such as morphology, margins,
growth patterns and internal echoes of breast lesions [4].
Strain elastography (SE) reflects hardness within breast
lesions and surrounding normal tissues, improving the
specificity and accuracy of breast cancer diagnosis and
decreasing the rate of preoperative breast biopsy [5-7].
However, ultrasound examinations are subjective,
especially in determining ultrasound characteristics and
assessing hardness. The results vary according to the
skills and experience of different physicians [8]. In recent
years, computer-aided diagnosis (CAD) based on deep
learning (DL) has developed rapidly and played an
essential role in medical image processing and analysis,
including breast, thyroid, lung and brain imaging [9-12].
This study aims to construct a predictive model of breast
lesions using DL techniques based on greyscale images
combined with ultrasound elastography, and to evaluate

its potential to assist physicians in improving diagnostic
accuracy.

1. Data and methods

1.1 General data

This retrospective study collected data from 888
patients with breast disease who underwent surgery at the
Linyi People's Hospital Breast Surgery Department from
May 2020 to May 2021. The age of the patients ranged
from 13 to 81 (44.6±11.8) years. A total of 1,000 lesions
with pathological diagnoses were included, including 600
benign and 400 malignant cases. Inclusion criteria
required clear and complete ultrasound images showing
breast lesions and comprehensive clinical and
pathological data. This study retrospectively analyzed the
established clinical imaging and pathological data of the
patients, without interfering with the clinical diagnosis
and treatment, and protecting the privacy of the patients.
This study complied with ethical principles and was
exempt from ethical review.
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1.2 Ultrasound Images

A GE LogiqE9 ultrasound transducer with a
ML6-15-D wideband matrix linear array probe (6-15
MHz) equipped with SE was used. Ultrasound elastic
images of the largest section diameter for each breast
lesion were selected and 1,000 images were randomly
divided into training (n=700), validation (n=200) and test
(n=100) sets in a ratio of 7:2:1, with a ratio of benign to
malignant cases of 3:2 for each set.

1.3 Image pre-processing

Images were cropped based on the sampling frame
size of the elastography, extracting ultrasound grayscale
images and ultrasound elastography including the lesions
and surrounding normal tissue structures. Irrelevant
information such as hospitals and details of patients,
imaging parameters and anatomic marks were removed
for model input. [Figure 1].

1.4 Building of the predictive model

ResNet-101 was used to extract different
characteristic parameters from ultrasound grayscale
images and ultrasound elastography. A multi-layer
adaptive feature fusion module was added to the network
structure to merge the feature maps of the ultrasound
grayscale images and the ultrasound elastography. Finally,
a fully connected layer was used for binary classification
of benign and malignant lesions. [Figure 2]. A total of
700 lesion grayscale images and elastography in the
training set were simultaneously fed into the model for
parameter training, with each image having accurate
labels for benign and malignant lesions. The validation
set of 200 lesion images was used to optimize and adjust
the model parameters. A 5-point elastography scoring
method obtained the DL model with the optimal
diagnostic value. Model training was performed using
Pytorch 1.2.0 on the NVIDIA GeForce RTX 2080 8GB
GPU platform.
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1.5 Model testing

Grayscale images and elastography of 100 breast
lesions from the test set were randomly input into the DL
model for diagnostic evaluation. The diagnostic
performance of the model was assessed and the output
consisted of prediction probability of malignancy for each
lesion (ranging from 0 to 1). Using a threshold of 0.5, If
the prediction probability exceeds 0.5, the sample is
predicted to be malignant and labeled as 1; otherwise,
benign and labeled as 0.

1.6 Review of physicians

Four ultrasound physicians with different experience
levels participated in a double-blind review of the
ultrasound images. Physicians 1 and 2, with 15 and 11
years of breast ultrasound diagnostic experience, were
categorized as senior physicians. Physicians 3 and 4, with
3 and 2 years of experience, were categorized as junior
physicians.

The review cases included ultrasound grayscale and
elastography of 100 breast lesions from the test set. Four
physicians reviewed each lesion's ultrasound images for
diagnosis in each of the following two scenarios: (1)
independent review without DL model assistance and (2)
review with DL model assistance. The interval between
the two reviews was 4 weeks. When assisted by the DL
model, physicians could consider the model's prediction
probability of malignancy and corresponding diagnosis,
then accept or reject the model's diagnosis to make their
final decision.

1.7 Statistical analysis

SPSS 26.0 and MedCalc 14.0 were used for data
analysis. General characteristics of benign and malignant
breast lesions were compared using the Mann-Whitney U
test. Pathological diagnosis results from the test set were
used as the gold standard. Sensitivity, specificity,
accuracy, positive and negative predictive values were
calculated for the DL model and the four ultrasound

physicians. Receiver operating characteristic (ROC)
curves were plotted and the area under the curve (AUC)
was calculated. Differences in diagnostic performance
between the model and the different physicians were
compared using DeLong's test. A significance level of
P<0.05 was considered statistically significant.

2. Results

2.1 General characteristics of patients with breast
diseases and lesions

The characteristic distribution of breast lesions in the
training and test sets was similar. Patients with benign
lesions were significantly younger than those with
malignant lesions (P<0.01). Malignant lesions were
significantly larger in section diameter than benign
lesions (P<0.01). The pathological type distribution of
benign and malignant lesions is shown in Table 1.

2.2 Comparison of DL model and diagnostic
efficacy of physicians with different seniority alone
or in combination

The accuracy, sensitivity, specificity, positive
predictive value, and negative predictive value of the DL
model and physicians of different seniority in diagnosing
100 lesions from the test set based on grayscale images
and elastography are shown in Table 2. ROC curves for
the DL model and physicians' diagnostic results were
plotted, and the area under the curve (AUC) values for
each curve were calculated and compared. The results
indicate: (1) the AUC value of the DL model for
diagnosing breast lesions is higher than that of all
physicians, with a statistically significant difference
(P<0.05); (2) AUC values of independent reviews of
senior physicians are higher than those of junior
physicians, with statistical significance (P<0.05).

2.3 Comparison of efficacy in DL model-assisted
and independent medical reviews
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The accuracy, sensitivity, specificity, positive
predictive value and negative predictive value of
model-assisted and independent medical review are
shown in Table 2. ROC curves were plotted for both
scenarios, and AUC values were calculated and compared.
The results indicate: (1) the diagnostic performance of
physicians with different levels of experience improved
after model-assisted reviews, especially for junior

physicians, with a statistically significant difference
(P<0.05); the improvement in AUC values for senior
physicians was limited and not statistically significant
(P>0.05); (2) model-assisted reviews of junior physicians
achieved diagnostic performance comparable to
independent reviews by senior physicians, with no
statistically significant difference in AUC values
(P>0.05). [Figure 4].

Tab.1 General characteristics of breast disease patients and lesions [case(%)]

Trainingsets+validationsets Testsets
Items Benign Malignant Benign Malignant

Number of lesions 540 360 60 40
Number of images a 1080 720 120 80
Largest section diameter 16±8 24±10 19±9 26±12
< 10 mm 90(16.7) 22(6.1) 3(5.0) 3(7.5)
10-40 mm 443(82.0) 305(84.7) 55(91.7) 30(750.0)
> 40 mm 7(1.3) 33(9.2) 2(3.3) 7(17.5)
BI-RADS classification
3 386(71.5) 5(1.4) 41(68.3) 0
4a 118(21.9) 34(9.4) 14(23.3) 5(12.5)
4b 32(5.9) 81(22.5) 4(6.7) 9(22.5)
4c 4(0.7) 177(49.2) 1(1.7) 21(52.5)
5 0 63(17.5) 0 5(12.5)

Pathological diagnosis
Fibroadenoma 405(75.0) 36(60.0)

Adenopathy 79(14.6) 9(15.0)
Intraductal papilloma 27(5.0) 3(5.0)
Mastitis 14(2.6) 5(8.3)
Sclerosing adenosis 5(0.9) 5(8.3)
Fat necrosis 5(0.9) 1(1.7)
Phyllodes tumour 2(0.4) 1(1.7)
Invasive ductal carcinoma 291(80.3) 34(85.0)
Ductal carcinoma in situ 53(14.7) 3(7.5)
Mucinous carcinoma 6(1.7) 1(2.5)
Mixed invasive carcinoma 4(1.1) 1(2.5)
Invasive lobular carcinoma 2(0.6) 1(2.5)
Others 3(0.6) 4(1.1) 0 0

Note:a each lesion has both grayscale images and elastography.

Tab.2 Comparison of diagnostic performance of DL model and physicians with different years of experience, either alone or in combination (%)

Item Sensitivity Specificity Accuracy Positive predictive value Negative predictive value AUC
DL model 82.5 83.3 83.0 87.7 76.7 0.907
Physician 1 87.5 81.6 84.0 76.1 90.7 0.846
Physician 2 85.0 80.0 82.5 73.9 88.9 0.825
Physician3 73.3 70.0 72.0 63.6 78.5 0.721
Physician 4 57.5 81.6 72.0 67.6 74.2 0.717
DL+Physician 1 90.0 85.0 87.0 80.0 92.7 0.875
DL+Physician 2 87.5 83.3 85.0 77.7 90.9 0.854
DL+Physician 3 80.0 81.6 81.0 74.4 85.9 0.804
DL+Physician 4 82.5 78.3 80.0 71.7 87.0 0.808
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Fig.3 ROC curves of diagnostic performance of DL model and physicians with different years of experience

Fig.4 ROC curve of the diagnostic performance of DL model in assisting physicians in reading films and physicians reading films individually

3 Discussion

Breast ultrasound is widely used in clinical practice.
Ultrasound elastography can improve the diagnostic
accuracy of breast cancer by reflecting the hardness of
lesions and surrounding normal tissues [4,13]. The DL
model constructed in this study achieved satisfactory
results in the classification of benign and malignant breast
lesions.

The basic principle of convolutional neural networks
(CNNs) is to train a kernel to recognize specific features
(convolutional layer). The convolutional layer calculates
the degree of overlap among features between the kernel
and the input images (called the receptive field).
Subsequently, pooling layers and fully connected layers
flatten the data into eigenvectors. The output layer
computes the probability of output classes using a dense
network and a regression function [14]. CNN can analyze
image features at a more detailed and pixel-level
dimension, leading to more accurate diagnoses. In recent
years, many scholars have developed single-DL models
for breast lesion diagnosis, showing high consistency
with expected results. It was found that using CAD based
on conventional 2D ultrasound images to diagnose 266
breast lesions achieved an AUC of 0.81, which was not
significantly different from that of senior ultrasound
physicians (AUC=0.82), but higher than that of junior
ultrasound physicians with an AUC of 0.76 [15]. Li et al.
[16] built a DL model based on a large data set of breast
lesions and found diagnostic performance equivalent to
that of ultrasound experts and significantly superior to
that of junior physicians (AUC=0.66-0.71, P<0.05).
However, models based on 2D greyscale images of breast
lesions alone provide limited information. In this study,
elastography information was involved to improve
diagnostic performance.

A Meta-analysis by Wu et al. [17] found that the use
of strain elastography to diagnose breast lesions resulted
in an AUC of 0.899. Golatta et al. [18] found that the
addition of elastography to conventional ultrasound for
the diagnosis of 4a lesions in 1,288 women with
BI-RADS ultrasound subcategories of 3 to 4c had a
positive impact on the diagnosis of breast lesions. The
number of unnecessary biopsies in breast diagnosis was
reduced by approximately 35.35%, while the leak
detection rate of malignancy was maintained at 1.96%.
All of the above indicates that the use of breast
elastography can provide richer texture information on
lesions, morphological features and information on
hardness, which can enrich the diagnostic basis of the
ultrasound physicians and thus achieve a more efficient
and accurate diagnosis. In clinical practice, there are
subjective and repeated differences in the diagnosis of
solid breast lesions, whether by the elastography 5-point
score or strain ratio method [19-20]. In order to improve
diagnostic accuracy, timeliness and reduce intra-observer
variability, CAD systems are gradually being introduced
into breast ultrasound. In this study, the DL model based
on 2D grayscale images and strain elastography of breast
lesions showed satisfactory results in lesion classification,
outperforming physicians with different levels of
experience (AUC values for the DL model and physicians
ranged from 0.907 to 0.717-0.846). Consistent with our
findings, studies by Misra [21], Zhang [22] and others
show that dual-DL models have a high diagnostic value
for benign and malignant classification of breast lesions.
Therefore, it is believed that dual-DL models
incorporating elastography have superior capabilities for
breast lesion classification compared to single DL models
using only conventional 2D grayscale images.

In this study, DL models assisted physicians in
diagnosing breast lesions by allowing them to choose
between the model results and their initial diagnoses
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when disagreed. The results showed improved AUC
values for physicians after DL model assistance (mean
AUC values before and after assistance were 0.777 and
0.835, respectively, P<0.05). Choi et al. [23] asked four
physicians to classify 253 breast lesions using BI-RADS,
and when the DL models were added to conventional
ultrasound, the AUC values (0.91-0.95) were
significantly higher than the AUC values (0.88-0.92)
using conventional ultrasound images alone. Wang et
al.[24] added CAD and SE to conventional ultrasound,
which resulted in a significant increase in the AUC value
from 0.72 to 0.91. In conclusion, using the DL model to
assist physicians in ultrasound diagnosis can improve the
diagnostician's decision-making to some extent, reduce
the number of missed and misdiagnosed diagnoses, and
improve the detection rates of breast cancer.

Although the DL model in this study showed a high
diagnostic value in distinguishing benign from malignant
breast lesions, there are some limitations: (1) the model
only included grayscale and elastography information,
neglecting factors such as blood flow measurements,
contrast-enhanced ultrasound and dynamic imaging. (2)
breast lesions are 3D structures, but this study only
included 2D grayscale and elastography images, not
including coronal sections of tumors, which may
introduce bias due to the subjective nature of the
ultrasound physicians during image acquisition. (3) the
study focused on images of space-occupying lesions,
potentially leading to an overestimation of the diagnostic
performance.

Combining conventional breast ultrasound with
CAD and DL technology can address missed diagnoses
and misdiagnoses due to insufficient physicians’
experience and skills, ultimately improving diagnostic
efficiency. Applying DL methods with robust learning
capabilities and efficient classification to routine
detection and classification of breast ultrasound lesions in
hospitals holds great promise.
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