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[ Abstract] Objective To analyze the difference of radiomics features between solitary brain metastasis and glioma
using routine 3T T1, T2 and fluid attenuation inversion recovery ( FLAIR) magnetic resonance imaging, to explore the
significance of texture features constructed in different directions and angles in tumor regions in distinguishing the two kinds
of tumors, and to explore a feasible method for high-precision classification of solitary brain metastases and gliomas.
Methods Given the multimodal images of 43 patients with glioma and 45 age- and sex- matched patients with solitary
brain metastasis, the gray level co-occurrence matrices of different angles of each slice were constructed from the
transverse, coronal and sagittal directions of the tumor regions of these images, and the texture spatial relationship features
(including contrast, correlation, energy and homogeneity) were calculated. Wilcoxon rank sum test was used to eliminate
redundant features and select features with strong distinguishing ability. Finally, SVM linear kernel classifier was used to
classify the selected features to achieve the identification of the two kinds of tumors. Results When classifying glioma and
solitary brain metastasis, the precision, recall, F1 score and accuracy of multimodal and multidirectional combination

features were 0.8857, 0.9114, 0.8944 and 0. 8922, respectively. The area under the receiver operating characteristic
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curve obtained by linear kernel SVM classifier was 0. 9602. Totally 40 of the 45 patients with solitary brain metastases were

correctly classified, and 39 of the 43 gliomas were correctly classified. Conclusion The multimodal and multi-directional

combination features of tumor areas can be classified by linear kernel SVM classifier to distinguish gliomas from solitary

brain metastases, which can be used as a second opinion to effectively assist doctors in making diagnosis.
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Fig.1 Illustration of the pipeline of the feature extraction and calculation

The texture features in different directions of 3D tumor data were calculated and extracted from the T1, T2 and FLAIR modalities, including three stages :
tumor region input, gray co-occurrence matrix calculation and feature extraction

Fig.2 Heat map of correlation coefficient among features

A showing the Pearson correlation coefficient among all 144D features of any sample; The redder the color, the greater the correlation; B showing that in
the same modality (such as T1), the correlation between features along axial plane, sagittal plane and coronal plane is lower; C showing that in the same
direction (such as the direction of the axial plane) , the correlation between features calculated by gray co-occurrence matrix with different angles is lower
Fig.3 Illustration of the data set partition and the classifier prediction

The dataset X was divided randomly for n times, 80% of each partition was used for training classifiers, and the remaining 20% was used for testing; The

predicted results of each sample (such as samples A, B and C) depend on the mean of the predicted results when they were used as test samples
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Fig.4 ROC curve showing the AUC values predicted on multiple machine learning classifiers using the multimodal combination feature (i.e.
m3D144)

Fig.5 Ilustration of the prediction results of all samples by SVM-linear

Solitary brain metastasis is represented by “0“and glioma by “1”; Given any test sample, if the predicted probability was less than 50%, it

was predicted to be a solitary brain metastasis; otherwise, it was predicted to be a glioma
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Table 1  Results of gliomas and solitary brain metastases classification by support vector machine ( linear kernel ) with single- and

multi-modal feature (x+s)

FHIE Himn 1 [ 5 F1 58 YR
feature precision recall F1 score accuracy
T1
Axil6 0. 6946 + 0. 1272 0.6384 + 0. 1442 0.6553 = 0.1103 0. 6699 = 0.0997
Corl6 0. 8086 = 0. 1085 0.8093 = 0. 1380 0.7999 = 0.0939 0. 8008 = 0.0891
Sagl6 0.8572 + 0. 1094 0.7882 + 0. 1268 0.8122 + 0.0878 0.8205 + 0.0814
3D48 0.7990 + 0. 1100 0. 8063 = 0. 1340 0.7941 = 0.0935 0.7934 + 0.0910
3D-WRS16 0.8663 = 0. 1061 0.7853 = 0. 1388 0. 8146 = 0. 0965 0. 8257 = 0. 0850
3D-PCA16 0. 8087 + 0. 1086 0.8033 + 0. 1409 0.7970 = 0.0979 0.7994 + 0. 0900
T2
Axil6 0.5776 + 0. 1097 0. 6089 + 0. 1654 0.5840 + 0.1188 0.5784 + 0.1043
Corl6 0.7806 = 0. 0964 0.8546 = 0. 1191 0.8094 = 0.0808 0. 8000 = 0. 0828
Sagl6 0.8188 = 0.0993 0.8487 = 0. 1356 0. 8260 = 0.0928 0. 8246 + 0.0874
3D48 0. 8004 = 0. 1058 0.7992 = 0. 1311 0.7910 = 0. 0875 0.7917 = 0. 0837
3D-WRS16 0. 8068 + 0.1059 0.7947 = 0. 1495 0.7906 + 0. 0989 0.7949 = 0. 0888
3D-PCA16 0.7971 = 0. 1044 0.7954 + 0. 1347 0.7872 = 0. 0893 0.7884 + 0. 0840
FLAIR
Axil6 0.5647 + 0.1133 0.5713 + 0. 1684 0.5571 = 0. 1206 0.5606 + 0.1016
Corl6 0.8160 = 0. 0958 0.8757 = 0. 1124 0. 8390 = 0.0795 0. 8328 + 0. 0804
Sagl6 0.8125 + 0.0924 0.8563 = 0. 1160 0. 8280 = 0. 0803 0. 8238 + 0.0786
3D48 0.7973 = 0. 1032 0. 8283 + 0. 1407 0.8032 = 0.0927 0. 8008 + 0.0868
3D-WRS16 0.7882 + 0.1252 0.7039 + 0. 1490 0.7327 + 0.1127 0.7494 + 0. 0964
3D-PCA16 0.7844 + 0. 0981 0.8279 = 0. 1390 0.7974 = 0. 0904 0.7935 = 0. 0853

multi-modalities ( T1+T2+FLAIR)

mAxi48 0.8314 + 0. 1071 0.8638 + 0. 1148 0. 8413 + 0. 0886 0. 8374 + 0. 0900
mCor48 0. 8718 = 0.0902 0.9028 = 0.0940 0. 8823 + 0.0679 0. 8796 = 0. 0690
mSag48 0. 8664 = 0. 1051 0. 8364 = 0. 1239 0. 8424 + 0. 0828 0. 8456 = 0.0776
m3D144 0. 8857 = 0. 0853 0.9114 = 0. 0858 0. 8944 + 0. 0636 0. 8922 + 0. 0655
m3D-WRS48 0. 8544 + 0.0933 0.8992 + 0. 0968 0. 8710 + 0. 0697 0. 8667 + 0.0724
m3D-PCA48 0. 8765 = 0.0922 0.9111 = 0.0912 0. 8887 + 0. 0668 0. 8855 + 0.0691
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