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Breast density (the ratio of the mass of mammary gland tissue to the total
breast mass) is an important factor related to the risk of missing lesions on mammography, the risk
of breast cancer, and the prediction of breast cancer incidence.

In this project, we have developed that 1) a quantitative measurement technique for breast density
using digital mammography and 2) a technique for estimating breast density without using any images,
and achieved highly accurate results by applying artificial intelligence technology to both
techniques. The results of 1) are useful for radiologists to explain the certainty of the diagnosis
to examinees in individualized breast cancer screening, which is expected to be introduced in Japan,
and the results of 2) will contribute to the prediction of the risk of breast cancer in the future.
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Averages« 0.0039%« 0.0880 — 0.2390< | 0.0113%« 0.0325 — 0.1405 < 0.0000%*« 0.2144 — 0.2856¢ «

CI ; 15 #7 X i<

Q) A EFHH O IAE L 72 2 < v € 77 Lh D JENHE S & O % OIREZ KD 257 s Fik
ZRAFEL 7z, o, ARTEEZLCL CGENTE 2~ v 7 7L 2&C L, Ko IR O
IR Z A7 X REY 72 D QR EIC A L CHRAAEREIC T — 7L T 2T, &
R 2> D PR D o FLIRE EEEHI 2 B IC KT & 2 X 9 I L7z, BT HREM LIRS X
51T, T H7x X BVEBE QKN HE 5 MR T O il D AdE ke 2 2L 2 Wi It 2 Tk Y,
T XY ARRE LRI O RS X ORI LR FH L 7.



60

50

40 L

30 .

20 *.C .
L ]

10

Pixel value /mAs at adipose-only region

10 20 30 40 50 60 70 B0 90

Compressed breast thickness (mm)

B 1. [EEAEE DN (=X RE LD 1 5 JETREE D # i) X #2547 ) D 1E,
JEBEAJFE 10 mm IFEIZ 2 60 3 Ttk mi (X)) 121KV (62 mm &3 kV) DX REEIED
HEIC L o TE L BHENiEEH D FNE DEAL # HIEICHEL T3
(B)U-Net €7V ZHWT~ V€77 LOFMEEZ HE T2 7 V25T L 2. A% T
iz~ v 770063 % 5 5EIREMGEDRER, 4 fold ICE W TCHRERKIIFE T —% T
0.8572°5 0.87. TAFT—XT0.84 225 0.89 DHEPHNICINE Y, Y DRVWEE LZHERTH
LT lBREINT.

(4) FLIREE S 35 X OF U-Net £ 7 A28 U 72 FUIRGEIE © —E% 1, Dense region 1C2\WCli4:
PV TND 62.7%73, Diffuse region IZ 2\ Tld ¥ v 7D 91.2% 73 Dice (250 0.90 LA L & 72 b,
RiF7iER 21372 (M 2). %7z Bland-Altman fi#HT DR, FLEREMK & U-Net £ 7 v DFLIRE
FEC I RIS PEDSRAE L B I ABFIRECH 5 2 &, FUREE 2 E/R L CEE L - FEsURmE

(X AT < B ICIZAHAED O L, R AUAEE 2 M2 2 2 & THWIC AR ARETH 2
el

K] 2. FLIRAEE DB,
_[- B3 Denseregion, £
/2 Diffuse region (X3 &
AR HE A RIS,
AT L U-Net €
TN & BHYHHTAR T,
HF L —EH LTS
Z¢BDbD S




B ~VEZT 7 4T XBIRIRSED 5 b, X #RETEL - X B Bk - AL EE -
e D 4 R %o =BG 2 FEf S 2 & & C, %3 ICFLIRE L % #HEE rTRE©
H5Z el FonkERRNA (X1) 12 X2 FUREEHEEREL L 5 fold DiAfET
88.4%TH o 7z.

Log [breast density (%)] = 1.146 — [3.239 X log (CBT)] + [2.214 X log (mAs)]
+ (0.073 X tube voltage) - (0.002 x age) D

X CBT : EEFUREE, mAs : X #RE BN HME, tube voltage : X #RE BT, age : it

(6) v¥ v 7 —=v7ETNTH% Random Forest 5 X ' XG-Boost IC & 2 FLIRE FEHEEREL 13 5
fold DR AT ZENZF N 89.5%F X 1890.7%, T 4 — 7 7 — = Z"& 5 LD ResNet Tl 91.8%
E b, BEEETAZAGCEZFHNRBEREICIE ResNet ETADBRLENTVWE T EEZIRL
7. X3 ICHLIREE O FHEIE & ResNet 12 X 2 HEEMED yy 7u v F2/Rd. 7'my b2k
BHEICERLTWE Z b a s, AFEEICLY, BEINZEERE T HIRGEELED
D OB YU OAMBEE LM B Z LR TE B XS ko7, KFEEZAAT TGRS
JE DR RV A PIRE L 72 0, FLAREE 2 FERN A FUERIEY) A7 D4 A ~—H—L LT
HEHT 2 2RI Nn 3.

160
140
120
100
80
60
40
20
0

Surmised BD

0 20 40 60 80 100 120 140 160
B 3. FIRERE DM (Fel) & HEENE (i)
Dyy 7' b

<5 F>CE >

1) S. van Engeland, P. R. Snoeren, H. Huisman, C. Boetes, N. Karssemeijer: Volumetric breast density
estimation from full-field digital mammograms. IEEE Trans. Med. Imaging 25 273-282(2006)



5 5 0 1

Yamamuro Mika Asai Yoshiyuki Hashimoto Naomi Yasuda Nao Kimura Hiorto Yamada Takahiro 8
Nemoto Mitsutaka Kimura Yuichi Handa Hisashi Yoshida Hisashi Abe Koji Tada Masahiro Habe

Hitoshi Nagaoka Takashi Nin Seiun Ishii Kazunari Kondo Yohan

Utility of U-Net for the objective segmentation of the fibroglandular tissue region on clinical 2022

digital mammograms

Biomedical Physics & Engineering Express

045016 045016

DOl
10.1088/2057-1976/ac7ada

Mika Yamamuro, Yoshiyuki Asai, Naomi Hashimoto, Nao Yasuda, Yoshiaki Ozaki, Kazunari Ishii, 16
Yongbum Lee
The effect of breast density on the missed lesion rate in screening digital mammography 2021
determined using an adjustable-density breast phantom tailored to Japanese women
PLOS ONE -
DOl
10.1371/journal .pone. 0245060
Mika Yamamuro, Yoshiyuki Asai, Nao Yasuda, Koji Yamada, Yoshiaki Ozaki, Masao Matsumoto, 14, suppl. 1
Takamichi Murakami
Computerised volumetric breast density measurements based on anatomical knowledge on digital 2019
mammograms
INternational Journal of Computer Assisted Radiology and Surgery 126, 127
DOl
M. Yamamuro, Y. Asai, N. Yasuda, K. Yamada, K. Sakaguchi, T. Konishi, Y. 0Ozaki, M. Matsumoto, 14, suppl. 1
T. Murakami
Segmentation of glandular area in clinical mammograms using 2019
INternational Journal of Computer Assisted Radiology and Surgery 115, 116

DOl




Yamamuro M, Asai Y, Yamada K, Ozaki Y, Matsumoto M, Murakami T 57

Prediction of glandularity and breast radiation dose from mammography results in Japanese women 2019

Medical and Biological Engineering and computing 289-298

DOl
10.1007/s11517-018-1882-4

18 0 11

Yoshiyuki Asai, Mika Yamamuro, Takahiro Yamada, Yuichi Kimura, Kazunari Ishii, Yohan Kondo

Surmise of breast density using mammographic X-ray exposure conditions

17th INTERNATIONAL CONGRESS FOR RADIATION RESEARCH

2023

Mika Yamamuro, Yoshiyuki Asai, Takahiro Yamada, Yuichi Kimura, Kazunari Ishii, Yohan Kondo

Identification of the uncompressed region on digital mammograms for volumetric breast density measurement

17th INTERNATIONAL CONGRESS FOR RADIATION RESEARCH

2023

U-net

32

2022




Mika YAMAMURO, Yoshiyuki ASAI, Naomi HASHIMOTO, Nao YASUDA, Takahiro YAMADA, Mitsutaka NEMOTO, Yuichi KIMURA, Hisashi HANDA,
Hisashi YOSHIDA, Koji ABE, Masahiro TADA, Hitoshi HABE, Takashi NAGAOKA, Yoshiaki OZAKI, Seiun NIN, Kazunari ISHII, Yongbum
LEE

Can radiological technologists create training data for automatically segmenting the mammary gland region in non-dense
breasts?

35th Computer Assisted Radiology and Surgery

2021

191

2021

31

2021

Mika YAMAMURO, Yoshiyuki ASAI, Naomi HASHIMOTO, Nao YASUDA, Hiroto KIMURA, Takahiro YAMADA, Mitsutaka NEMOTO, Yuichi KIMURA,
Hisashi HANDA, Hisashi YOSHIDA, Koji ABE, Masahiro TADA, Hitoshi HABE, Takashi NAGAOK, Seiun NIN, Kazunari ISHII, Yongbum
LEE

Robustness of a U-net model for different image processing types in segmentation of the mammary gland region

16th International Workshop on Breast Imaging

2022




Mika YAMAMURO, Yoshiyuki ASAI, Naomi HASHIMOTO, Nao, YASUDA, Kenta SAKAGUCHI, Tatsuo KONISHI, Koji YAMADA, Yoshiaki OZAKI,
Kazunari ISHII, Yongbum LEE

Deep learning-based segmentation of mammary gland region in digital mammograms of scattered mammary glands and fatty
breasts

Computer Assisted Radiology and Surgery

2020

Mika YAMAMURO, Yoshiyuki ASAI, Naomi HASHIMOTO, Nao, YASUDA, Koji YAMADA, Yoshiaki OZAKI, Kazunari ISHII, Yongbum LEE

Effectiveness of high-luminance display monitors in digital mammography

Computer Assisted Radiology and Surgery

2020

Yamamuro, Mika, Asai, Yoshiyuki, Hashimoto, Naomi, Yasuda, Nao, Yamada, Takahiro, et al.

How to select training data to segment mammary gland region using a deep-learning approach for reliable individualized
screening mammography

SPIE Medical Imaging, 2021

2021

Mika Yamamuro, Yoshiyuki Asai, Nao Yasuda, Koji Yamada, Yoshiaki Ozaki, Masao Matsumoto, Takamichi Murakami

Computerised volumetric breast density measurements based on anatomical knowledge on digital mammograms

33rd International Congress on Computer Assisted Radiology and Surgery

2019




Mika Yamamuro, Yoshiyuki Asai, Nao Yasuda, Koji Yamada, Yoshiaki Ozaki, Masao Matsumoto, Takamichi Murakami

Segmentation of glandular area in clinical mammograms using deep learning aimed at volumetric breast density measurement

33rd International Congress on Computer Assisted Radiology and Surgery

2019

Deep Learning

29

2019

29

2019

Mika Yamamuro, Yoshiyuki Asai, Koji Yamada, Yoshiaki Ozaki, Masao Matsumoto, Takamichi Murakami

Prediction of fibroglandular density and breast dose based on physical characteristics and lifestyle habits

World Congress on Medical Physics and Biomedical Engineering 2018

2018




Yoshiyuki Asai, Mika Yamamuro, Koji Yamada, Yoshiaki Ozaki, Masao Matsumoto, Takamichi Murakami

Development of fibroglandular-variable breast phantom and its application to quantitative assessment of undetectable lesion
rate in digital mammography

World Congress on Medical Physics and Biomedical Engineering 2018

2018
28
2018
3
28
2018
0
3

MAMMOGRAPHY APPARATUS

18/526092 2023

2022-188516 2022

2022-193023 2022




(Yamamuro Mika)

(90837866) (34419)
(Murakami Takamichi)
(20252653) (14501)




