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Interpretable machine learning model for predicting HER2 three-classification expression in
breast cancer based on ultrasonic viscoelastic imaging technology

QIN Jianzhao, HUANG Qun, YUAN Han, QIN Qiuqun, LIAO Xinhong, GAO Yong
(Department of Ultrasound , First Affiliated Hospital of Guangxi Medical University, Nanning 530021, China)

Abstract Objective To establish a three-classification preoperative predictive model to non-invasively predict the expression of
human epidermal growth factor receptor 2 (HER2) in patients with breast cancer based on ultrasonic viscoelastic imaging technology
combined with multi-classification machine learning and Shapley additive explanations (SHAP). Methods A total of 150 patients with
breast cancer from the First Affiliated Hospital of Guangxi Medical University were enrolled between August 2023 and August 2024.
They included 44 with HER2-zero, 65 with HER2-low,and 41 with HER2-positive. All underwent ultrasonographic viscoelastic breast
imaging preoperatively ,wherein the viscoelastic parameters of the target lesion and surrounding 2 mm were measured. Data pre-pro-
cessing was completed before modeling, and three predictive models of HER2 expression in breast cancer were constructed , based
on five machine-learning algorithms. An explanatory analysis of the optimal machine learning model was performed using the SHAP
method. Results The triple-classification machine-learning models based on ultrasonographic viscoelastic imaging technology showed
favorable performance in terms of predicting the state of HER2 expression in breast cancer. In the verification cohort,the Light Gra-
dient Boosting Machine (LightGBM) model predicted HER2 macro-average AUC ,accuracy , precision, recall,and Fl-scores of 0.827,
0.875,0.860,0.863,and 0.860,respectively. The SHAP analysis results showed that the maximum intratumor elasticity value (Emax) of
breast cancer lesions in the LightGBM model contributed the most to the prediction of HER2-zero and HER2-positive , and the maximum
peritumoral-2 mm dispersion coefficient (Dmax_2 mm) of breast cancer lesions contributed the most to the prediction of HER2-low.
Conclusion This triple-classification machine learning model based on ultrasonographic viscoelastic imaging technology is capable
of non-invasively predicting HER2 expression in patients with breast cancer prior to surgical treatment. An interpretable analysis of the
model is achievable using the SHAP method.
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Mindray Resona RO#E 7512 Wi { L £53~9 MHz[1)
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2, KT ik e ok O 5 kL, IRUREAE 56 4248 5 b
B, fifr B v S BOREAE 28 /103 mm, 24 45 1R B (0
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IHAE AR BT A A%, VLR,

A, conventional two-dimensional and shear wave elastography images;

B, quality control chart and viscosity image; C, quality control chart and
dispersion image.
E1 BEFEERG
Fig.1 Ultrasonographic viscoelastic imaging
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1.3 Z5p2RHlae e I BRI E S 5HIE
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technique, SMOTE) KbBEAPAFEAE . AT+ 30 i)
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P, AL FEECR 7 22 0B (ANOVA) AR IEZS
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Tab.1 Analysis of inter-group differences in ultrasonographic viscoelastic parameters in a cohort of patients with breast cancer

Viscoelastic parameters HaR:Z ZZ ;0 H(ER:Z%I;)Y HE?Hz-:pZSli;ive F/H P
Emean (kPa) 40.53 + 15.79 40.70 + 14.22 47.02+10.71 3.17 0.045
Emax (kPa) 137.04 + 66.48 147.09 + 65.18 178.08 + 54.37 4.97 0.008
Emin (kPa) 8.03(5.25-13.39) 8.59(5.89-12.24) 9.96 (7.61-13.23) 434 0.114
Emean_2 mm (kPa) 47.60 + 20.06 50.85 + 16.64 55.03 + 14.09 2.01 0.137
Emax_2 mm (kPa) 160.48 + 67.47 176.34 + 68.77 203.77 + 63.11 455 0.012
Emin_2 mm (kPa) 6.83(4.49-9.11) 7.10(5.14-11.27) 8.40(5.63-12.13) 2.66 0.265
Vmean (Pa-s) 1.45(0.99-2.20) 1.54(1.19-1.81) 1.65(1.29-2.28) 3.18 0.204
Vmax (Pa+s) 5.86(3.89-9.88) 6.80(4.86-9.12) 9.23(6.09-11.57) 8.08 0.018
Vmin (Pa-s) 0.31(0.24-0.38) 0.29 (0.21-0.40) .33(0.25-0.45) 2.38 0.304
Vmean_2 mm (Pa-s) 2.04(1.35-2.60) 2.15(1.76-2.64) 2.45(1.98-3.00) 5.82 0.054
Vmax_2 mm (Pa-s) 7.17(5.31-10.78) 8.36(6.14-11.40) 9.69 (7.48-12.54) 6.01 0.050
Vmin_2 mm (Pa-s) 0.34£0.18 0.34£0.15 0.36 £0.16 0.19 0.826
Dmean (m+s™ +kHz ") 1.26(0.59-2.35) 1.44(0.70-2.57) 1.21(0.62-2.38) 0.25 0.882
Dmax (m+s™"-kHz™") 10.69 + 4.48 11.31£3.99 12.67 +3.76 2.61 0.077
Dmin (m+s™"kHz™") 0.00 (0.00-0.00) 0.00 (0.00-0.00) 0.00 (0.00-0.00) 0.22 0.896
Dmean_2 mm (m+s ™ +kHz™") 2.45(1.57-3.55) 2.41(1.79-3.53) 2.97(1.99-3.43) 1.77 0.413
Dmax_2 mm (m+s™'*kHz™") 12.75 £3.85 13.30 +3.43 14.65 +3.44 323 0.042
Dmin_2 mm (m+s™"*kHz™") 0.00 (0.00-0.00) 0.00 (0.00-0.00) 0.00 (0.00-0.00) 0.45 0.799

22 =oAL IR AR ERE o3 B

T PERE S T 45 R B, BT ik s B
it R EE B SR — 43 e HL AR S 1B Al
B bR FE HE FHAIL (light gradient boosting machine,
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Tab.2 Comparison of the predictive performances of five machine learning models for HER2 triple-classification expression status

Lo Training set (n = 102) Validation set (n = 48)
LR SVM LightGBM  XGBoost KNN LR SVM LightGBM  XGBoost KNN
Macro-average AUC 0.594 0.496 0.757 0.736 0.639 0.680 0.667 0.827 0.809 0.652
Precision 0.488 0.137 0.800 0.813 0.680 0.515 0.160 0.860 0.908 0.695
Recall 0.366 0.333 0.783 0.794 0.674 0.505 0.333 0.863 0.908 0.721
F1-score 0.320 0.194 0.789 0.801 0.676 0.481 0.216 0.860 0.908 0.700
Accuracy 0.422 0.412 0.794 0.804 0.676 0.542 0.479 0.875 0.917 0.708

LR, logistic regression; SVM, support vector machine; LightGBM, light gradient boosting machine ; XGBoost, extreme gradient boosting; KNN, K-nearest

neighbors.
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A, bar graph of feature importance distribution. B, swarm plot of HER?2 triple-classification expression.
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Fig.2 Analysis of the LightGBM model’ s results using SHAP
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