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0 The present status of the developments of mammography computer-aided diagnosis (CAD) system,
which is the firstly commercialy available CAD system in radiology field in the world, is reviewed in
this article. The history of the CAD developments for mammography and the CAD technology in terms
of software and hardware are explained. The computer-aided detection (CAD) systems successfully
commercialized are also introduced shortly. Moreover, the performance evaluation of the CAD system is
described and then the status of mammography screening in Japan and the CAD applications are
explained. Finally the fusion of digital mammography imaging apparatus and mammography CAD is
discussed.
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Table1l Historical event on the topics of mammography CAD system.

o170 80O

gie8ro 70
ooooo4no

019940 110
019980 60

gz2o0000 20

020000 120
(20010 400000 )

020010 60

020010 120
oo

020020 10
g20020 20

g20020 40
0o0o0o0o00oa2s, 380

gz0020 70

Radiology 0 0 Winsher gD 0 0 0000000000000 O0O00OOL0
Medical PhysicsO 000000 Chan& Doi DO O0O000O0O0O0 CADOOOOOOOOOO

oooooooocooooooo cADOO0O0OOoOCOcOoOoOoOooooooOoOonoaaso

00 R2Technology OO ImageChecker Sysem OO OO0 CAD OOOOOODOOOOOOO
FODA(OOOOOO)O0O00000250

R2 Technology [0 1 ImageChecker Systlem 00000000000 (00000 )00 0250
000000 CADO000D0000000000000000000000000000

R2 Technology 0 O ImageChecker Syssem OO0 0000000000 FDAO OO O OO 250
RSNAOOOOOODOOOOOOOOOO DrrRA. SchmidtDOO0O0O0O0O0OCADOOOO

0 O Intelligent Systems Software, Inc. 0 MammoReader CAD O OO OO FDA DO OO O O3 260
0000 CADx Medical Systems0 O Second Look CADOOOOO FDAOOOOOO 270
R20 CADUO GEOOOOOO0OOOOCOCOOOOOODOOOOOOOOOOCOOO FDAD

R2 Technology 0 O ImageChecker CAD OO OO OOO0O00O0O 500000000250

ooobooooooOocAbDOgooooDog
gobooboobooobboobooboo
gbobooooboobobobooboog CAD
gbobOobobobooooooboobgs, 230d
RSNA2001 OO0 DOODODOOOO0ODOODOOOO0
gooMmROCTHOOOOOOODOOODOO
gboboboboobooooboobgcADO
0000 ImageMatchd O OMD OnLined 2400 O
gboboboooboobooboboboooo

gboooooboobogcADbOOoooonogn
gobooobooboobobooboboboo
goboooboboooboboooboboooboo
gocADOO0DOOoOooooooooooooo
gbgcADOOooooobon

3. ODO0OODOoOOooOo (CAD)

gbobooooorADODODOODOD
gboobobobooooooooobogcAbDO
00oo0o0o0ooooooo 30000 (2002.10

g0)ooooooooooooooooooo
gboboboobobbobooooboooboocADb

0O0DOOOD0O (diagnesisy 0 DOOO OO0
O (detection) D DODOODOODOODOODOODOO
O (computer-aided detection) 0 O OO CAD OO
gooooboooobboooobouoooooo
goooooooooobooooboooon

booooboboobooboobooboooboon
ooooooooboob

1) ImageChecker
g0o0oOoOoOoooooooocaAbooOoO

00199800000 FDADODOOODOOODOO
00000 R2Technology, Inc.000C0O00O0O
oo (0OpoooooOooooooooooon
0 ) O CAD O OO OO ImageChecker System O
o001, 2500000000ooooooooo
0000000000 O00DoOOoODoocADO
O000O0ooo0o0ooooooooogon
OO CAD OOOODO 500 000C00OCOOO
500 000000000000 OOO0OODOO
00000 (o211 000000D0000DOO
O0)meesI O FDADODOOmMOODOODODO
Oo0oO0OO0oOOoOoOOOOOOOO20010 60
0000U00oo0Ooooooooooooo
oo0oooooooOo0

OoooooOooOoOoOoOOO20000 1200
O00000R200000 cADOODOOOO
0 20010 400000000000O0ODOOOO
g00O00oO0OO0oOocADOOOOOOODOODOO
oooooooooo

2) MammoReader
20020 1000000 Intelligent Systems Soft-

ware, Inc. (00 "ISSI") (icad,inc.0 0000 )0



30 Med Imag Tech Vol.21 No.l January 2003

OO0O0O00OMammoResderD O OFDA O OO OO
oobbz2e00002000 FADOODO CAD
gbobooogo

3) Second Look
2002 00 200000000 CADx Medica

Systems 0 0 0 Second LookD O OO0 0O OO0
OOocADOOODOOOFDAOOOOOOMM 270
oooooOoooooooooooooood
00000 (QuaiaComputingd )OO OO
gooooooooo FPAOOOOOOOO
00000000000 R2O0D0O0O0OO00O00O0
0oooo0ooopoOooooooooDgoog
oooooO0ooooooooooooooodg
O0000o0oOoooooocADOOOoooog
000oooo0oooooooooooooDOg
ooooooooooooooooooood
ooooooooooooooooooood
ooooooooooooo

4 DOoOoOooOoOoOO

1) 0O00O0ooo
cADO0O00000ooooooooooood
O00000o0o0oOo0oooooooooo (ture
positive, TP) O 0 00O O (fasepositive, FP) 0O O
O (00 10000)000ooooooooog
gooooooooooooTPOO 900 FP
gos000000O0O0OOOOOOOO TPO
0800FO1I00000O0OOOOOOOO
‘0000000000 OO0O0OC0O0DOO
00000o0oooooooooooooOoog
00oo0o0o0oOooopoopoo cADOOOogoog
O00000oOoooOobo cAbDOOoogoogogd
O0000ooU0ooooUooooooooodg
0O0000000oooo0ooooooooog
000028

2) ROCOO
000000000000000 CADOOO

0 O O O ROC(receiver operating characteristic) [
jdjodooooouobbbooouoooog
OJO0CADODOODOOODDOODOO20000
gooso30o0oo0ooooooboobobo

ooooooooooo (oo )ooooooog
gobODoooooboobobobooboobo

FROC O O (free-response ROC curve) 0 OO OO
CADOOOO0DO0OODDOOOobDoOooDbooooag
oo
Od0ddONawano O OO 2O CROOOOMO
O0cADOO0OOOOoOoOooOooDoOoOOoOOn
gooooOobRrROCOODOOODODOODOOO
dodooooododChan0ODOdOooOoooOO

gpgoobooboobooooooooobobo

goooooboocADODOOnoDoDOoonooa
gogoddooooooooobboboooa
gbooooboooobbuoobbooboboo
goobooboobobobo 2b0b00boOod
0@oOoo00oo0ooo0o40)0000000OCAD
gogoddooooooooobbbuoooda
goobOOobOOob RrROCOODOODOODOODO
00000000000 0OOoDOOo0ODOnJang
0o0ooooooooobbobobooogoood
go3limrOCOOOOODO CADODOODOOO
goooooooooooobododooad
goobOOoboobOo cAbDODOOoooooooo
gooboobuooobooboon

3 OO0OOoOoo

Jooooooooooooooooood
0o0ooooooooobbobobooogoood
ggooobooooboboboobuobobo
(retrospectivestudy) 10 0 0000000000
goooooobbbboooooogooad
0o0ooooooooooooooogooog
0000000000 (prospective study)d O O
go0obOOobOobOobobooooo cAbOnOd
goooooobobbbboooooogooad
Jo0bobo0oooo0obOooboooobDocAD
uggobooboo rPOLOODDOODOO
O (biopsy) 00 DO0O000O0ODOO00ODODOO
gdoboobooboboobcADOObogog
go0ooooooobooooboooobooo
JO0ADODOOO0O0ODDOOOO(@OODO
CADODO0U0ODOO0OUODoOOoOoOoDoD)ood
gboooboooobbouoobbooboboo
gododoogobobbboooooogooad
gooooobooooo cADODDODOoonoog
gogooooooobobbobbbooooooad
gdbobooobbobooboobboobod



Med Imag Tech Vol.21 No.1 January 2003 31

000 cADOOO0O0O0oOooooooooood
goooooooopoopoopooo
OOOO0OCOOOO0O0OODD,20010 O Radiology
OO0 Fer U000 O0OO0OOOOOOOOOO32
10000000 12860 0000000000
000000 R200 ImageChecker D 0O OO
OO0ooooooooono 20000o0o0og
Q000000000000 oUooooooo
gooo900ipbOOcADOOODOOODOO
08fifd0iO3xIfdddddoooooood
ooooooooooOooooooooooog
0oo0DOO0OOoO0OooO0O (postive predictive vaue,
PPV ODODDOODOODODODOODODOODOOO
OoocADOOOOOooooogo(oooo
O0@mooo0oooooo)yoogoooooo
00000000 cADUOOOOooooooog
0000000000000 D 20000MO
OooocADOO0O0O0OoOoOooooooood
ooooopoopoopoooo

4) 0000 CADDOO
gobooboooooobbooobooon

gbobobobooossmoooooboobo
goboobooboooboobooboo
gobooboobobooobooboboooboo
cADO0OOOoOooooooboooooogo
00o00o00ooooOooDos4, 35

5. DO000OO0OO0O0DooOOoOooooOono cAD

1) 00o0oo0oO0oOOoOoOoOoOO0O cADOOO
gooooboooboobooobooo

gobooooobmu120400000000
goooooopoosoooOoOooboOoooo
gboboooooooboobobobons3ng
goboooooboooobooboboooboo
gobooboboooboobooobooobboo
gobooboobooobboobooboo
goboboobooboobobooboboboo
gbcAbDObOOoboOoboOooobooboobobo
oOODOOO0O0O0O0OOmO 100 cADODOO
gbooboobao

O00 RRODO CADOOODOOOOODOO
gobooboooobooooboboooboo
gobooboboooboobooobooboo

gobobooobooboooboobooooboboo
goboooobobooooooocADOOODO
gobooooboobobooobooboo
ooooooboobob (bDoobobooo
gobobooooboboooobooobooboooobo
00o000o0ooooooogoooogo ) o
gooobooboooooboooboooboboo
goobooboboooobooooooooboono
goboboooobboooboooooboooobo
00o00o00oooooooo@ouooo)yooo
gobooboooboobooobooboo
o0oooo0oDooO00 (oooooooobo
J000oooOooDooOoooo)ooooooo
gboobobooooboooobobob
oboDOooO0o0ooOooDbDOoboOcAD OOOOd
so0000000000D00O0OO0OOo2s00000
goobooboboboobooooooobobo
gobooooooboobooobooboo
goboooboobboooboobooooo
goboboooboobooobooboo
gobooooooboobooobooboo
gooboooobooooboobooobooboo
gobooooboooocAbDUOOOooooooO
gboobooobooobooobooboooo
cADOOODOODon
2) 00DoO00ODOoOOcAbDODOO
gobooooboooboooooboon
goobooboboooooooobooboooo
gobooboooobooboboobooboo
gobobobooobboobooboooboboo
gohobobobooboobooooooobobo
goboooboboooboboboobooboo
gobooobb4o000000DDODODOODDOO
gobooboooobooobooboooboo
gboobooboooood
goboooobooboobooboboon
gooboobobocAbDODOOooooboonDo
gbooboboboboboooboobobaobo
gobooboooobooobooboooboo
gobobooobooboobobooboo
goobooboboboboooo cADbOODO
goboooobooooobooooossemoon
goboooooocADDOOOoOooOoOooDO
gbhoooobooboboboboooooog



32 Med Imag Tech Vol.21 No.l January 2003

gboboobooooboobooboboooo

6. DROUOODOOODO cCADOODO

gbobooooocAbDbOOobOooooogon
gboobobooboboobbooooboboo
goboobobooobooboooobooboo
goboobooboooboboobooboo
gboboboboboboboboooogoogcer
gbobobobooobooboooooooao
(0 20000)0CcRODOOOFRAOODOO
gboboboboooobomxobobobo
gobooboobooboboobooboo
goboooocrROODOOOOOOMOOOOO
gboboo3rtgbgzoo00 200 GEOO
Senographe2000D OO O OOOOODOODOOO
gboboboboooooobo FbADODO
goooooooossmuoogz2020 400
oGEODODOOOOOOOODOOOODDO R2
gb cADObObOOobOOoboOoO FbADODO
gbobobobooossmoooooboooo
goboobooboooboobooboo
gobooboboobooboobbooobboo
gobooboobooobobobobooboo
oo CADODOOooooboooobobooo
oo

7. O0Ogo

CADOOoOoooooboobobobooooo
goooo0o0oDboO0o (ooooboooobo
0000 )oooooooooooooood
gobooboboooboboobbooobboo
gobbooobooobbooooobobogoo
gboboboboooooooboocADODnO
goobobobmoobooboobobbobo
gobooboboooboboobbooobboo
gobooboobooobboobooboo
gobooooboooobooobooooboo
goooooboobobob cADODODbDODbO
gobooooooooooooboooocAbDDO
goo0o0oo0oDbDOo0ooboOOoOooDoo cADO
gboboboboooooooonDg CcADO
gboboboooooobooboobobobobo
gobooooobooooocAbDDOOOoOoO

boboooboooboobob obobao
ooocADOOO0OOOoooooooDoooooDo
goooooooon
gbobobobocAbDObOobooooonbogon
ooooobobooboooboooboon
gboooooooooboobobobob

oooo

0 10 WinsbergF, Elkin M, Marcy Jet a : Detection of radio-
graphic abnormalities in mammograms by means of optical
scanning and computer analysis. Radiology 89: 211-215,
1967
0 20 AckermanlV, GoseE: Breast lesion classification by
computer and zeroradiograph. Cancer 30: 1025-1035, 1972
0 30 Hand W, Semmlow JL, Ackerman LV: Computer screen-
ing of xeromammograms: A technique for defining suspi-
cious areas of the breast. Computer and Biomed Research
12: 445-460, 1979

0 40 ChanHP, Dai K, Gahotra$S et a : Image feature analysis
and computer-aided diagnosis in digita radiography : 1.
Automated detection of microcalcifications in mammogra-
phy. Med Phys 14: 538-548, 1987

0 50 Giger ML: Computer-aided diagnosis. 1999 RSNA Syl-
labus, in Categorical Course in Diagnostic Radiology Phys-
ics: Physical Aspects of Breast Imaging -Current and Future
Considerations, eds. Haus AG and Yaffe MJ, RSNA, Oak
Brook, IL, USA, 1999, pp249-272

0 60 http://www.mevis.de/iwdm2002/iwdm2002.html

070 00000DOOOOOOODOOODOUODOODOOO

0000 DMR (Digital Mammo-Radiography) O 0 0 0 O O
000000015 1665-1670, 1988

0 80 http://www.toriwaki.nuie.nagoya-u.ac.jp/~cadm/

090 U0O0O0O0OOO ODLOOoUOLOoUOOOODODOO
00000000000 00000OOMedImag Tech 10
00 (2): 27-32,1992

gomooodooooooog cADOOOogo2on
Jo00o0ooooOoooooDooooogo cAbDOOO
0000000000 ONNERVISION 14(10): 26-29, 1999
0nMmooodoooooo0ooooooog cCAbDOOO
000 1) 0000000 U00ooOooocAD OO0
000000000 DOONNERVISION 14(10): 18-22, 1999
01200000 MmM0OCADOO (1998inUsSA)D 0O oo O
0 000000000 ,210000000.INNERVISION
0 14 (10): 1-82, 1999

0RBMO00 00000 o0doodooooooooon
OD0O0D00 CAD O ImageChecker 000 OO OO 56 (3):
0 0 355-358, 2000

0400000000000 ooooooDoooooD
0000000oooO0o0oooon 5(2):135-147, 1996
0 o00000o000o0o0oUooooUooooo
0000000000000 000DOO0O0O0D 5@):
0 0 149-155, 1996



Med Imag Tech Vol.21 No.1 January 2003 33

01 00000o0o0ooo0oouoooooooo

00000o0o00ooOooooooogon 8(2):93-105,

0 01999

01wmo00oo0o0o0oooooooon (CAD)Oooo

ooo0oo0—000000 CADOOoDo0—g0ooooo

00 16(2): 123-131, 1999

018 0000000000000 000O00DO CADO

0000000 056(3): 324-331, 2000

01mo0oooo0o0oooooouoooooooo

00000 (cAD)O0UOOoOooDoOooooOoooooo

0 0 15(6): 635-646, 2000

j200 0000000000000 0O0 (e0oe 0O X

000000 CADOppl8e-193) 00 0000000000

0o0o00o0ooodoooooDooooooononodioes

0200000000000 n (BUADO XOOooOo

00000000000 O0O0ppl74-190) 0000000

0000000 00O0o2002

022M00000000000000000ODO0O0 XOOoo

000000o00oo00oo0ooUoOooOoDOooOOooOOo

0 0 19(2): 69-72, 2002

023MO00000ooooooooooooooooon

goooooboooo0ooboooboooboooboo

000 (D-11)0 J85-D-11(1): 149-152, 2002

0 2417 http://www.mdol.com

0 2511 http://www.r2tech.com/

[0 2611 http://www.issicad.com/home.lasso

0 27010 http://www.cadxmed.com/

028 00000oo0oo0oo0oooooooooon

0000000000 (CAD:computer-aided diagnosis) O

0000000000000 0000D0Ds(1): 4549,

0 01999

[0 29011 Nawano S, Murakami K, MoriyamaN et a : Computer-
aided diagnosisin full digital mammography. Invest Radiol
34(4): 310-316, 1999

[J 30(1] Chan HP, Sahiner B, Helvie MA et a : Improvement of
radiologists' characterization of mammographic masses by
using computer-aided diagnosis: An ROC study. Radiol-

ogy 212:817-827,1999
0310 Jiang Y, Nishikawa RM, Schmidt RA et a : Improving
breast cancer diagnosis with computer-aided diagnosis.
Acad Radiol 6: 22-33, 1999
0320 Freer TW, Ulissey MJ: Screening mammography with
computer-aided detection : Prospective study of 12,860
patients in acommunity breast center. Radiology 220(3):
781-786, 2001.
0BOLOO0DO000D0DO0O0DO0DO0OOOO0D0OODOOoOOOOO
000 Medica 33(3): 238-243, 2001
034000000000 oo0o0oo0ooooo Xoo
gooo0ooooooooOo cADOOOOOOOoOooO
000000000000 56(3): 436-442, 2000
03sMmo000fdoooooooooooooooooo
gooooooogoooopooogog cAbOooogog
JO0000oo0o0odOooooDoo 58(3): 375-382, 2002
O3MoooooodooooooooooooooDoon
o000 CADOOUuooono (ooouoooo)H)o
0 O INNERVISION 14(10): 70-73, 1999
g3ymo00oopooooooooooooooooooo
00 cCROODODOODODOODOOOOOOOODOO 190
0 0:37-42,2002
[J 381 http://www.gemedical systems.com/index.html

0000000000000
0000000000 (@O000D0o0n
0000000000000000000
0000000000 )00000000
00000000 vVsSLO0O0005000
00000D0D00D0000D00000
00000000 (CAD) 000000
0019780 00000000000000
000019830000 300000000000
0000D0000000000000000000000
0000000009830 000000 )019960 00 1998
00000000000000000000MO000000
00000000000 (0000)000000000 (0
000000000000 )000000000000000
000D000000(00)I000000000 (00 )00
000D000000000000 (D000 )00oooo
0000000000000 (000)000000




