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Prediction of HER-2 expression in Luminal breast cancer based on 3D
and 2D radiomics features of multiparameter MRI

YIN Yang, GUO Jitao, LI Wenlu, ZHANG Jian, ZHAO Yan, LI Na, YANG Zhiyuan
(Department of Radiology . The People’s Hospital of Leshan, Leshan 614000, Sichuan, China)

[Abstract] Objective To explore the value of 3D and 2D radiomics features of multiparameter MRI in predicting
the different expression patterns of human epidermal growth factor receptor 2(HER-2) in breast cancer before surgery.
including positive versus negative (task 1), low expression versus zero expression (task 2), low expression and positive
versus zero expression (task 3). Methods The MRI images of 147 patients with pathologically confirmed Luminal breast
cancer were retrospectively analyzed. The patients were randomly divided into training set and test set according to the
ratio of 7:3. The 3D and 2D radiomics features in and around the tumor were extracted from DWI, dynamic contrast-en-
hanced mask (SO) and dynamic contrast-enhanced phase 3 (S3) images. Then the models were constructed by multiple
pipeline combinations of three normalization methods, two dimensionality reduction methods, four feature selection meth-
ods, and ten classifiers. The receiver operating characteristic (ROC) curve and the area under the curve (AUC) were
used to evaluate the prediction performance of the models in order to select the best 3D and 2D single parameter (DWI,
SO, S3) and multiparameter combination (S0+S3, SO+DWI, S3-+DWI, SO+S3+DWI) models. Finally, the differences
between different models were compared by Delong test. Results In task 1, the AUC of 3D and 2D models in the train-
ing set was 0. 777 ~0. 832 and 0. 708 ~0. 882, respectively, and those in the test set was 0. 707 ~0. 829 and 0. 702 ~
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0. 846. In task 2, the AUC of 3D and 2D models in the training set was 0. 779~0. 870 and 0. 751~0. 863, respectively,
and those in the test set was 0. 759~0. 846, 0. 728~0. 829. In task 3, the AUC of 3D and 2D models in the training set
was 0. 781~0. 891 and 0. 740~0. 866, respectively, and those in the test set was 0. 776~0. 870,0.727~0. 846. There

was no significant statistical difference between 3D and 2D models with the same parameters. Conclusion The multipa-

rameter MRI-based radiomics model can better predict the expression of HER-2 in breast cancer, and the models based on

intratumoral and peritumoral 3D and 2D features have the same prediction efficiency.
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Figure 1 The sketch of the region of interest in the MRI image of breast cancer
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Table 1 Age and distribution of positive and negative samples for different prediction purposes
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Table 2 Comparison of predictive efficacy between HER-2 positive versus negative using the selected parameter models

MRI 58 L == RS WG

- FRAESL- 7y 24 ) AUC95%CD W R R 5 AUC95%CD MR R 5
S3_3D Mean-PCA-RFE-10-LR-Lasso 0.623 0.797 (0.700~0.894) 0.796 0.567 0.890 0. 744 (0.560~0.929) 0.750 0.692 0.774
S0_3D Z-scorePCA-RFE-10-LR 0. 468 0.832 (0.755~0.908) 0.757 0.800 0.740 0.829 (0.680~0.977) 0.750 0.769 0.742
DWI 3D Z-score PCC-ANOVA-19-SVM  0.415  0.777 (0. 678~0.875) 0.718 0.933 0.630  0.707 (0.504~0.910) 0.546 0.692 0.484
S0+S3 3D Mean-PCC-KW-16-LDA 0.774  0.806 (0.709~0.903) 0.825 0.467 0.875  0.794 (0.646~0.942) 0.727 0.308 0.903
S0+DWI_3D Z-score PCA-RFE-14-AE 0.672  0.786 (0.683~0.889) 0.796 0.567 0.890  0.769 (0.599~0.939) 0.773 0.385 0.936
S3+DWI 3D Mean-PCA-Relief-4-GP 0. 496 0.790 (0.682~0.899) 0.757 0.700 0.781 0. 744 (0.536~0.953) 0.773 0.692 0.807
S0+83-+DWI_3D Mean-PCC-KW-15-LDA 0.578  0.819 (0.723~0.915) 0.816 0.600 0.904  0.762 (0.603~0.921) 0.750 0.539 0.839
S3.2D Mean-PCA-RFE-20-AE 0.486  0.778 (0.682~0.874) 0.68 0.833 0.616  0.725 (0.573~0.876) 0.705 0.615 0.742
S0_2D MinMax-PCC-Relief-8-LDA 0. 604 0.708 (0.594~0.822) 0.786 0.367 0.959 0.702 (0.533~0.871) 0.727 0.308 0.903
DWI_2D MinMax-PCC-Relief-20-SVM 0.505  0.762 (0.662~0.861) 0.738 0.667 0.767  0.727 (0.551~0.903) 0.750 0.615 0.807
S0+83_2D Mean-PCC-RFE-19-AE 0.488  0.820 (0.729~0.911) 0.806 0.633 0.877  0.772 (0.618~0.926) 0.705 0.385 0.839
S0+DWI_2D 7Z-score PCC-RFE-5-GP 0.532  0.823 (0.729~0.917) 0.816 0.733 0.849  0.774 (0.637~0.911) 0.682 0.769 0. 645
S3-+DWI_2D Z-score: PCA-RFE-2-GP 0.491 0.783 (0.695~0.871) 0.689 0.900 0.603 0.782 (0.641~0.923) 0.705 0.846 0.645
S0+S3+DWI_2D Mean-PCA-Relief-7-GP 0. 509 0. 882 (0.812~0.951) 0.825 0.733 0.863 0. 846 (0.733~0.959) 0.750 0.539 0.839
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Table 3 Comparison of AUC predictions between different tasks using the optimal model for each parameter group in 3D and 2D-ROI (Delong test)

IRk P (H MA4E P
MRI % 3D-ROI 2D-ROI 3D-ROI 2D-ROI

test 1 test 2 test 3 test 1 test 2 test 3 test 1 test 2 test 3 test 1 test 2 test 3
S3 and SO 0.512  0.892 0.974 0.339  0.287 0.909 0.170  0.880  0.956 0.822 0.510  0.896
S3 and DWI 0.722  0.984  0.046 0.829  0.722  0.290 0.643 1.000  0.270 0.983  0.969  0.577
S3 and SO+ S3 0.892 0.835 0.558 0.406  0.211 0. 765 0.551  0.935  0.837 0.589  0.418 1. 000
S3 and SO+DWI 0.879  0.206  0.549 0.443  0.730  0.915 0.798 0.669 0.717 0.653 0.615 0.838
S3 and S3+DWI 0.898 0.226 0.119 0.934 0.308 0.121 1.000 0.533 0.701 0.543  0.601 0. 257
SO and DWI 0.288 0.884  0.080 0.513 0.190  0.320 0.162  0.883 0.344 0.834  0.491 0.533
SO and SO+ S3 0.637 0.836 0.219 0.089  0.844  0.647 0.640  0.503 0.774 0.465 0.864  0.725
SO and SO+DWI 0.491  0.199 0.522 0.104  0.471 0.988 0.496  0.503 0.618 0.448  0.833  0.680
SO and S3+DWI 0.509 0.216 0. 255 0. 309 0.926 0.119 0. 430 0.497 0.676 0. 387 0. 810 0. 307
DWI and SO+ S3 0.611  0.809  0.249 0.425 0.145  0.169 0.332  0.941 0.418 0.679  0.397 0.615
DWI and SO+DWI 0. 891 0.210  0.162 0.417  0.510  0.233 0.583  0.542  0.523 0.687 0.607  0.629
DWI and S3+DWI 0.796  0.225  0.500 0.761  0.225  0.555 0.738 0.500  0.599 0.614 0.588 0.617
S0+S3 and SO+DWI 0.720  0.238 0.873 0.954 0.384  0.643 0.806 0.706  0.706 0.981 0.645 0.812
SO0+S3 and S3+DWI 0.825 0.254  0.554 0.556  0.789  0.064 0.687 0.614  0.745 0.919  0.764  0.354
S0+DWI and S3-+DWI 0.951  0.957  0.342 0.544  0.439  0.152 0.848  0.890  0.927 0.928 1.000  0.442
S0+S3+DWTI and S3 0. 734 0. 200 0. 300 0.088 0.463 0. 505 0. 849 0. 808 0.554 0.212 0. 697 0. 688
S0+S3+DWI and SO 0.817  0.271 0. 285 0.016  0.637 0.517 0.370  0.756  0.406 0.140  0.645  0.608
S0+S3+DWI and DWI 0.448  0.201 0. 308 0.033 0.336  0.613 0.574  0.807 0.684 0.272 0.699  0.814
S0+S3+DWI and SO+ S3 0.396  0.271 0. 747 0.277 0.573  0.315 0.163  0.902 0.413 0.441  0.646  0.707
S0+S3+DWI and SO+DWI 0.544  0.934  0.184 0.339 0.659  0.506 0.941  0.816  0.103 0.398 0.879  0.756
S0+S3+DWI and S3-+DWI 0.686  0.979  0.653 0.064  0.496  0.261 0.894  0.744  0.779 0.528  0.727  0.528
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Table 4 Comparison of AUC prediction for different tasks using the optimal model with the same parameter group between 3D and 2D-ROI (Delong test)

BiEs s il
) i 4 S3 S0 DWI S0+S3 SO+DWI S3+DWI S0+ S3+DWI
test 1 I 2 4E 0.793 0.051 0. 840 0. 783 0. 605 0.910 0.316
i £ 0.819 0.229 0. 890 0.793 0.961 0.733 0. 362
test 2 VI 448 0. 367 0. 636 0. 226 0. 481 0. 398 0.147 0.253
It 4E 0. 625 0. 921 0. 622 0. 667 0. 644 0.472 0. 886
test 3 Y e 0.714 0.755 0. 377 0.222 0.419 0. 856 0.582
P Rrw: = 0. 681 0.556 0. 542 0. 544 0. 335 0. 784 0.613
1.0 = 1.0 aE) 1.0
0.8] o 0.8 0.8
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Figure 2 Comparison of ROC curves of various parameter models in task 1
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Table 5 Comparison of predictive efficacy between HER-2low expression versus zero expression using the selected parameter models

MRI 5 8 BT BEREEE UEES i g
FAAERC- 72588 AUC95%CD W R R R AUC95%CD M RHE FFRE
$3.3D Z-score-PCA-KW-1-GP 0.423  0.779 (0.669~0.890) 0.767 0.800 0.714  0.776 (0.610~0.942) 0.613 0.684 0.500
S0_3D Z-score-PCC-KW-3-GP 0.457  0.790 (0.681~0.898) 0.767 0.867 0.607  0.759 (0.569~0.949) 0.710 0.790 0.583
DWI_3D MinMax-PCC-RFE-19-AE 0.495  0.781 (0.664~0.898) 0.781 0.867 0.623  0.776 (0.613~0.940) 0.645 0.737 0.500
S0+S3_3D Z-score-PCC-KW-3-GP 0.447  0.794 (0.689~0.900) 0.753 0.800 0.679  0.785 (0.600~0.970) 0.710 0.840 0.500
S0+DWI 3D Z-scorePCC-RFE-11-SVM 0.511 0. 870 (0.779~0.961) 0.863 0.867 0.857 0.829 (0.669~0.989) 0.710 0.684 0.750
S3+DWI 3D Mean-PCA-KW-13-NB 0.411 0.867 (0.780~0.953) 0.856 0.889 0.750 0.846 (0.677~1.000) 0.774 0.895 0.583
S0+S3+DWI 3D Z-scorePCC-RFE-19-AE 0.475 0.865 (0.780~0.951) 0.808 0.733 0.929 0.803 (0.637~0.969) 0.774 0.737 0.833
S3.2D Mean-PCA-RFE-8-LDA 0.594  0.840 (0.752~0.929) 0.767 0.689 0.893  0.829 (0.665~0.993) 0.742 0.632 0.717
S0_2D Mean-PCC-KW-20-LR 0.449  0.763 (0.644~0.882) 0.726 0.756 0.679  0.746 (0.555~0.937) 0.742 0.842 0.583
DWI_2D Mean-PCA-RFE-20-NB 0.473 0.863 (0.774~0.951) 0.849 0.867 0.821 0.825 (0.679~0.970) 0.742 0.895 0.500
S0+S3_2D Mean-PCC-RFE-12-AE 0. 505 0.751 (0.638~0.864) 0.685 0.600 0.821 0.728 (0.545~0.911) 0.677 0.684 0.667
SO-+DWI_2D Z-score:PCA-KW-16-AE 0.661 0.817 (0.723~0.912) 0.753 0.622 0.964 0.768 (0.594~0.942) 0.581 0.364 0.917
S3-+DWI_2D Z-scorePCC-KW-13-LR 0.652 0.768 (0.657~0.879) 0.658 0.489 0.929 0.768 (0.600~0.935) 0.677 0.474 1.000
SO+S3+DWI_2D Z-score-PCC-KW-12-LR 0. 490 0.787 (0.677~0.898) 0.740 0.778 0.679 0.785 (0.622~0.948) 0.677 0.684 0.667
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Figure 3 Comparison of ROC curves of various parameter models in task 2
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Table 6 Comparison of predictive efficacy between HER-2 low expression and positive versus zero expression using the selected parameter models

MRI %3¢ R = U”%% S fﬂ’lﬁt% _
FIER-7r 228 AUC95%CI) MR R R AUC95%CD MR R R
S3_3D Z-score-PCC-Relief-19-LR-Lasso 0.471  0.781 (0.683~0.880) 0.748 0.773 0.679 0.776 (0.627~0.925) 0.705 0.719 0.667
S0_3D Mean-PCC-ANOVA-20-LR 0.431 0.784 (0.682~0.885) 0.796 0.853 0.643 0.781 (0.643~0.920) 0.682 0.781 0.417
DWI_3D Mean-PCA-RFE-20-SVM 0.377  0.891 (0.828~0.954) 0.854 0.893 0.750  0.870 (0.747~0.993) 0.841 0.875 0.750
S0+S3_3D Z-score-PCC-ANOVA-19-LR-Lasso 0.412  0.824 (0.730~0.917) 0.825 0.893 0.643  0.794 (0.656~0.933) 0.727 0.813 0.500
S0+DWI_3D Mean-PCC-ANOVA-18-LDA 0.602 0.816 (0.730~0.903) 0.709 0.667 0.821  0.815 (0.674~0.956) 0.750 0.719 0.833
S3+DWI_3D Mean-PCC-RFE-13-LR-Lasso 0.501  0.857 (0.773~0.941) 0.796 0.773 0.857  0.820 (0.661~0.980) 0.727 0.656 0.917
S0+S34+DWI_3D Mean-PCC-ANOVA-19-LDA 0.498  0.839 (0.755~0.923) 0.767 0.760 0.786  0.836 (0.705~0.967) 0.750 0.781 0.667
S3_2D Z-score PCA-KW-13-AE 0.519  0.758 (0.657~0.859) 0.699 0.613 0.929  0.740 (0.565~0.914) 0.591 0.500 0.833
S0_2D MinMax-PCA-KW-13-AE 0.491  0.765 (0. 666~0.863) 0.728 0.707 0.786  0.727 (0.546~0.907) 0.682 0.688 0.667
DWI_2D Z-score-PCA-KW-20-NB 0.354  0.836 (0.741~0.931) 0.806 0.827 0.750  0.810 (0.648~0.972) 0.750 0.813 0.583
S0+S3_2D MinMax-PCA-KW-14-AE 0.589  0.740 (0.637~0.844) 0.689 0.613 0.893  0.740 (0.555~0.924) 0.546 0.469 0.750
SO-+DWI_2D Mean-PCA-KW-16-LR 0.518 0.766 (0.659~0.873) 0.728 0.733 0.714 0.763 (0.599~0.927) 0.682 0.656 0.750
S3+DWI 2D Mean-PCC-RFE-6-NB 0.680 0.866 (0.792~0.940) 0.728 0.653 0.929 0. 846 (0.724~0.969) 0.659 0.563 0.917
S0+S34+DWI_2D  Z-score-PCC-RFE-2-GP 0.445  0.808 (0.718~0.899) 0.748 0.747 0.705  0.792 (0.641~0.942) 0.614 0.625 0.583
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Figure 4 Comparison of ROC curves of various parameter models in task 3
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