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Abstract: Objective To analyze the application value of multimodal ultrasound image features and machine learning algorithm prediction models in the differential
diagnosis of benign and malignant breast tumors, and to provide a reference for clinical accurate diagnosis. Methods The clinical and imaging data of 168 patients
with breast tumors admitted to our hospital from April 2021 to June 2024 were retrospectively collected, including 113 cases of benign tumors (benign tumor group),
51 cases of malignant tumors (malignant tumor group), and 4 cases lost to follow-up. Multimodal ultrasound image data of all patients were collected, including
morphological parameters of two-dimensional gray-scale ultrasound, hemodynamic parameters of color Doppler ultrasound, hardness scores of elastography, and
enhancement patterns of contrast-enhanced ultrasound. Image processing technology was used to extract image features and construct a standardized feature
database. Three machine learning algorithms, namely Support Vector Machine (SVM), Random Forest (RF), and Gradient Boosting Decision Tree (GBDT), were
selected. A 10-fold cross-validation strategy was adopted to train and test the feature database, construct prediction models for the differential diagnosis of benign and
malignant breast tumors, and optimize the model parameters. Indicators such as accuracy, sensitivity, specificity, and area under the receiver operating characteristic
curve (AUC) of different models were compared to evaluate the prediction performance of each model. Feature importance analysis was used to explore the key
ultrasound features that contributed the most to model prediction. Results The age of the malignant tumor group was older than that of the benign tumor group, and
the proportion of menopausal history was higher than that of the benign tumor group, with P<0.05. There were certain differences in the distribution of multimodal
ultrasound image features between the benign tumor group and the malignant tumor group. After training and optimization, SVM, RF, and GBDT models all showed
good differential diagnostic efficacy in the test set; among them, the GBDT model had the best performance, with an accuracy of 91.28%, a sensitivity of 88.59%,
a specificity of 92.62%, and an AUC of 0.943. Feature importance analysis showed that tumor boundary clarity, elastography hardness score, contrast-enhanced
ultrasound enhancement pattern, and color Doppler blood flow resistance index were the four key ultrasound features that contributed the most to model prediction,
with a cumulative contribution of 76.61%. Condlusion The machine learning prediction model constructed based on multimodal ultrasound image features has high
application value in the differential diagnosis of benign and malignant breast tumors, and the GBDT model has the best diagnostic efficacy; key ultrasound features
such as tumor boundary clarity and elastography hardness score play an important role in differential diagnosis, which can provide objective and accurate diagnostic
basis for clinical practice and help improve the accuracy of distinguishing benign and malignant breast tumors.
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