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Model for Breast Cancer Diagnosis in Ultrasound Imaging
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Lan Ma, Lei Ren, Bardia Yousefi

Table S1. Computational time of the designed deep learning model.

Computational Time Memory

Loading hyperparameters to 5.8secs 2.8 MByte
Deep Convolutional Autoencoder structure

One epoch of the model 86.5 secs 8.7 MByte
Batch size =8

Extracting Deep-radiomics 6.3 secs 8.9 MByte
SpectralEmbedding 0.1 secs 9.0 MByte
Random Forest 0.2 secs 2.6 MBtye

Table S2. More detailed information about the Radiomic features used in this study.

Radiomic features information
Quantization method Fixed-bin width
Bin-width size 25

Median bin counts (range) for original image 90 (40-140)

Median bin counts (range) for all the filters 85 (30-120)

LoG with 10 sigma levels (0-5mm, strides of 0.5mm)

. . For each level, 18 features from first-order statistics

Laplcian of Gaussian (LoG) v ' '
were extracted

Three channels

Wavelet For each level, 18 features from first-order statistics

were extracted
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Figure S1. Elbow technique to calculate the distortion score and find out the optimum number of the cluster for
conventional radiomics. The k =10 and k = 12 are both optimum numbers, shown by the graph, where we select k =12

for this study.
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Figure S2. Regression analysis for benign and malignant lesions for four conventional radiomics and four deep radiomics
show the significant dissimilarity of the paired feature groups stating independence of these features as predictive imaging

biomarkers.
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Figure S3. Distribution of conventional radiomics and their effect on diagnosis for malignant and benign lesions are
presented in the following boxplots for 12 radiomic groups. Two subsets of patients with malignant lesions, shown by
“m” versus benign lesions, without any suffix are compared statistically using the Wilcoxon test.
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Figure S4. The distribution of Deep radiomics and their classification strength are presented in the following boxplots for
two subsets of patients with the malignant lesion, shown by “m” versus benign lesions. This analysis is performed using
the Wilcoxon test, which presents the significance statistic among radiomics generated by the proposed deep neural
network model.
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Figure S5. The receiver operating characteristic (ROC) curves for different multivariant models using conventional and
deep radiomic features. Vertical and horizontal axes in the ROC represent sensitivity and 1- specificity of the model.
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S1. Grid Search Hyperparameter Tunning

We have performed hyperparameter tunning using Grid search algorithm for a range
of given hyperparameters applying K-fold cross-validation. For k = 5, our maximal
random forest model was challenged by adding different range of number of the trees (10-
128), maximum depth (2-7), and random state (40-80). This led to suggested systems’
parameters, No. est. = 16, Max depth = 4, Rand. state = 80, yielded an accuracy of 75.3%
(62.5%-80.4%), which very close to the reported accuracy for leave-one-out cross-
validation for the closely related parameters (See Table 2). Table S3 presents the
hyperparameter scores obtained by the model and their scores and optimization time.

Table S3. The hyperparameter scoring obtained by grid search and 5-fold cross validation of the model and their scores
and optimization time.

Grid Search Hyperparameter tunning

Average STD Mean Test
Max Depth  No. Est. Rand. State  Fitting Fitting Score STD Test Rank Test
. . Score Score
Time Time
2 10 40 0.017 0.002 0.674 0.056 138
2 10 50 0.015 0.001 0.677 0.063 126
2 10 60 0.019 0.002 0.665 0.041 158
2 10 70 0.018 <0.001 0.66 0.05 160
2 10 80 0.017 0.001 0.679 0.037 110
2 16 40 0.026 <0.001 0.682 0.042 98
2 16 50 0.026 <0.001 0.679 0.058 110
2 16 60 0.025 <0.001 0.666 0.039 156
2 16 70 0.027 0.002 0.665 0.049 158
2 16 80 0.026 0.002 0.671 0.054 145
2 20 40 0.035 0.003 0.683 0.045 90
2 20 50 0.033 0.002 0.679 0.061 110
2 20 60 0.03 <0.001 0.677 0.046 128
2 20 70 0.03 0.003 0.669 0.056 149
2 20 80 0.03 0.001 0.674 0.05 138
2 32 40 0.051 0.003 0.687 0.051 71
2 32 50 0.047 0.002 0.674 0.054 138
2 32 60 0.047 0.001 0.677 0.05 128
2 32 70 0.048 0.002 0.668 0.059 153
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