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Two-stage breast cancer diagnosis system based on ultrasound
and mammogram images

GUAN Hongjiao, ZHANG Yingtao, TANG Xianglong

(School of Computer Science and Technology, Harbin Institute of Technology, Harbin 150001, China)

Abstract; The incidence of breast cancer continues to rise worldwide. Due to the heterogeneity of breast cancer,
there is an overlap between benign and malignant tumor images that only using a type of images cannot obtain
satisfactory classification results. This paper proposes a two-stage breast cancer diagnosis system based on
ultrasound and mammogram images. In the first phase, an abstaining classification method is used to classify breast
ultrasound (BUS) images, in which some BUS tumors are classified with high confidence, and the uncertain
tumors are not classified. These unclassified tumors are then classified using mammogram images in the second
stage. Supplemented by mammogram information, the system can diagnose breast cancer by utilizing multimodal
image information to screen for unrecognizable ultrasound images. The ultrasound and mammogram images used in
this study were provided by the Cancer Hospital of Harbin Medical University and the First Affiliated Hospital of
Harbin Medical University. The abstaining method and the two-stage diagnosis system were validated in
experiments. Compared with diagnostic systems using only BUS features, the proposed two-stage diagnostic system
provided better performance with the accuracy of 92.59% , AUC of 0.933 3, G-mean of 93.09% , sensitivity of
86.67% , specificity of 100% , positive predictive value of 100% , negative predictive value of 85. 71% , and
Matthew’ s correlation coefficient of 0. 861 9. Experimental results demonstrate that adding mammogram information
can increase the performance of the diagnosis system that uses BUS images only.
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Fig. 1  Flow diagram of training and testing processes of the
proposed two-stage diagnosis system
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Tab.2 Resulis of using SVM with linear and radius basis function kernels on ultrasound datasets

ST HRAE HERE M,/ % M., M,/ % M,/ % M./ % M,/ % M,/ % M.

MR SYM T 81.48 0.816 7 81.65 80.00 83.33 85.71 76.92 0.629 8
el 88.89 0.8917 89.13 86.67 91.67 92.86 84.62 0.779 0

2 m I SVM g 74.07 0.7250 71.10 86.67 58.33 72.22 77.78 0.474 3
Zel 81.48 0.7917 76.38 100.00 58.33 75.00 100. 00 0.661 4
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Tab.3 Results of using SVM with linear and radius basis function kernels on mammogram datasets

NI HEAE B M, /% M o M /% M./ % M./ % M,/ % M,/ % M.

k% SVM " 96.30 0.958 3 95.74 100.00 91.67 93.75 100.00 0.927 0
H 96.30 0.958 3 95.74 100.00 91.67 93.75 100. 00 0.927 0

&M FAZ SVM i 100.00 1.000 0 100.00 100.00 100.00 100.00 100.00 1.000 0
yel 100.00 1.000 0 100.00 100.00 100.00 100.00 100.00 1.000 0
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Tab.4 Results of compared methods in the experiment of validating the rejection method

BT B b M, % M,, M,/% M /%  My/% M, /%  M,/% M,
ScEk[11] P 65.75 0.631 3 60.97 46.74 79.53 62.32 67.33  0.279 1
LR SVM P 87.21 0.868 8 86.85 84.78 88.98 84.78 88.98  0.7376

A 88.58 0.880 6 88.00 84.78 91.34 87.64 89.23  0.7650
1 HA% SVM x 86.30 0.8519 84.91 78.26 92.13 87.80 85.40  0.7178

H 88.13 0.873 7 87.24 82.61 92.13 88.37 87.97  0.7553
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BA2C (pya = fiypay =0.07) I 90. 82 0.908 0 90. 80 90.70 90.91 87.64 93.22  0.8123
BA2Cq (P = o =0.03) 47 88.37 0.890 9 88.99 93.26 84.92 81.37 94.69  0.7711
BA2C (e = figgy =0.07) H 91.18 0.914 3 91.42 92.86 90.00 86.67 94.74  0.8213
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Fig.2 Results of the proposed rejection method under different

abstaining parameters
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Tab.5 Results of compared methods in the experiment of validating the cascase method

Sy KT B M,./% M, M,/% Mo /% — My /%  M,/%  M,/% M,
SCHk[11] JC 74.07 0.725 71.10 86.67 58.33 72.22 77.78 0.474 3
AR SRR 5 T 81.48 0.816 7 81.65 80.00 83.33 85.71 76.92 0.629 8
A 88.89 0.8917 89.13 86.67 91.67 92.86 84.62 0.779 0
AR SCWI B B v JC 92.59 0.9333 93.09 86.67 100. 00 100. 00 85.71 0.8619
f 92.59 0.9333 93.09 86.67 100.00 100.00 85.71 0.8619
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Fig.3 Breast ultrasound and mammogram images of a rejected

malignant tumor
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