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Abstract : With the progress of post-genomic research, the relationship between various tumors and genes has been
elucidated. However, in the field of radiology, there is not much research to understand the molecular and genetic
backgrounds involved in the image phenotype of a lesion. The purpose of this study is to develop image data mining
technology to analyze the relationship between image phenotype and genotype of a lesion. Fat-suppressed T1-weighted
images of 49 cases were collected from TCGA-BRCA (The Cancer Genome Atlas Breast Invasive Carcinoma) public
database. The slice with the largest tumor diameter was selected from the MRI and the tumor regions were manually
segmented. A total 371 radiomic features including size, shape, texture, etc. were calculated from the tumor region. By
using CART (Classification and Regression Trees) algorithm with these radiomic features as input data, a classification tree
that outputs 5 breast cancer subtypes were automatically generated. The overall accuracy of the classification tree for
identifying 5 breast cancers was 83.7% (41/49). By applying the proposed method, it is possible to visualize the relationship

between image phenotypes and breast cancer subtypes.
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Table 1 IHC-defined subtype classification.
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Fig.1 An example of manually segmented tumor region.
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Fig.2 An example of the classification tree made by the CART algorithm with radiomic

features as input data.
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Radiomic features
|

Yes S(0,5)InvDﬂV:om<0.3135 No
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S(2,2)InvDfMom < 0.3746
1
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Fig.3 Classification tree for subtype classification by CART

algorithm. The numbers represent the classification result
of TNBC/LuminalA/LuminalB (HER2-)/LuminalB (HER2+)/
HER2/.

Table 2 Seven radiomic features selected by CART algorithm.

Feature Category Description

#1 GeoF Geometry |Area, number of the object pixels

#2 GeoS Geometry |Length of the circumscribing rectangle of minimal area
Inverse difference moment

#3 S(2,2)invDiMom Texture (S(2,2) is the between-pixels distance)
Contrast

4 S(2,-2)Contrast Texture (S(2,-2) is the between-pixels distance)
Inverse difference moment

#5 S(0,5)invDiMom Texture (S(0,5) is the between-pixels distance)
Inverse difference moment

6 S(5,5)InvDfMom Texture (S(5,5) is the between-pixels distance)

#7 GrSkewness Texture | Absolute gradient skewness




Table 3 The classification accuracy by the classification tree.

Computer output

Triple . Luminal B | Luminal B
Negative | “UMNaIA | “HERS) | (HER2+) | HER?
Triple 11.1% 0% 0% 0%
Negative (1/9) (0/9) (0/9) (0/9)
Luminal o | 0:08% [IEERTAN 0.08% 0% 0%
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< | Luminal B 0% 0.08% 0.08%
}§ (HER2-) | (0/13) | (1/13) (1/13)
Luminal B 0% 0% 0.08%
(HER2+) | (0/12) | (0M12) | (1/12)
0% 0% 0%
HERZ | (o3 (0/3) (013)
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JHZE D 5HEHEI L 72 Radiomics FF#&E % WV CTHITAT 7
5ATHR8BTI%DIEETHHETETWDLI Enb, HIE
OFHINIFAFA OB E I T 2 HRE TN T
WD EHENIE NG, MR HY T8 A TR
X, EREAT) DLEDS WD, LEICEEDTLZ N
el BERMHOBII A, T2, ERETOBICE, 28
AN Z BRECT B5T12 & - T, DA EE R 5
JEE AN — M ORED B 525, Wi§EEHNTH 7517
T HTHETIE, KEE2 5O 50 AMBOREIZ T
LN z720, BFncsm RS L v,

CART ZEOF I, BEREME L Vo772 2 HEOSHHTIE
nl, ZHOGEIPRS THLIETHELH. DA TEE
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ORI BT — 7 OBAKTH Y, Figbldthnzh
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Fig.4 Relationship between GeoF and GrSkewnes. The data
were obtained from the subtree written by broken line in
Fig.3.

Geo F = 3407
Fig.5 MR images of the data in Fig.4. Broken lines are TNBC, dotted lines are Luminal B (HER2-), and

solid lines are Luminal A, respectively.
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