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Volume: cancer_06 Caze: A-1171-1

iesversion 1.0

1ilaname A-1171-1

DRTEOF_STUDY 15 7 1984

SATIENT _HGE 73

FILN

FILN_TYPE REGULAR

TERSITY |

DATE_DIGITIZED 2 7 '550

DIGITIZER HORTEK 43.5

SEQUERCE

LEFT_OC LINES 5491 PIXELS_PEQ_LINE 3186 BITS_FER_PINEL 12 REEOLUTION 43.5 OVERLAY
LEFT_NLO LIHES 5200 PIXELS_PER_LINE 3256 BITS_PEA_PINEL 12 RESOLUTION d3.5 (NWERLAY
RIGHT _CC LINES 5431 PIRELS_PER_LIKE 3001 BITS_PER_FIKEL 12 RESILUTION d3.5 KOW_OWERLAY
RIGHT LD LIMES 5431 PIXELS_FER_LINE 2421 BITS_PER_PINEL 12 RESOLLTICH 43,5 HOH_OVERLAY

FILE: A_T9T1_1 LEFT _HLO. OWERLEY

TOTAL_ABHCRMALITIES 1
ABHOAMALITY 1
. S g LESIOH_TYPE MASS SHAPE OWAL MARGINS SPICULATED
AT LAGHT MO SEEREHEAT &
SUBTLETY &
PATHILGCGY HALIGHANT
TOTAL_CUTLIMES 2
EOIMOARY

CORE

FILE: A_11T1.1 LEFT CC. GWERLAY

TOTAL_ABHCRMALITIES 1
ABHCRUALITY 1
LESION_TYPE HAZS SHAFE OFAL MARGING SPITULATED
ASEESEMENT §
SURILETY &
DLTHOLOGEY MALIGHANT
TOTAL_CUTLIRES 2
BOHOARY
CORE

A VFILLEFT GO ANTILLAGHT GG

a9 1. DDSM web page. It is showing the thumbnail version
of the images for case 1171. In this case, the patient age is 73
with high breast tissue density and the abnormality is a

malignant spiculated mass.

3 1. Patient population

MGH (%) WFUSM (%)
Asian 2.06 0.2
Black 4.12 20.4
Spanish Surname 6.55 1.8
American Indian 0.00 0.1
Other 0.75 0.1
Unknown 30.34 0.3
White 56.18 77.0

All cases in DDSM are female patients.
MGH : Massachusetts General Hospital.
WFUSM : Wake Forest University School of Medicine.

,7,
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AFE 98l 19901 oA 19981 Apolo AL vk oA S At
o7 TS 249 o (FAH) Y FAHFY 307 o (WETHHE F 556
gztol  JAS AEstdn. #4
(mediolateral oblique view : MLO)¥} “43}#< (craniocaudal view :

CC) EF AMgHAn (29 2), RE fF9#H9g 252 MGH

o&
ox,
rlo
%
Y
O
HU
=
fo
>
Ho
b
2

WFUSMoll A ®f3kal =

qx]Eq oﬂ/\Loi tﬂﬁ_E]C)?i

o
g N
>
o

Mo A= 8bits/pixeld] FAS A}
sl T SAS AgeA FAs7] f& FAE HEAT A7
= Algkete] ol d RIS Hloly vAEsAY 2 T AU
A ALt el T 7§ (pectoralis) § el da MLO
© CC % o= 3 FFFddArt #&EAH= Ao 2Edg=

(architectural distortion) E %] A4S Hol:= ZFy & A &9t

L 5 R [|L Medial R
Lﬂtlel'ﬂl

¥ 2. Mammographic views. The four standard views

from each case were digitized on one of two different

Scanners.
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29 3. Anatomy of the female breast. It is postulated that
most cancers arise in the interlobular duct unit,

inside or just proximal to the lobule.
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a9 4. Morphologic spectrum of mammographic masses.

The shapes of mammographic masses could be used in the

classification of the masses as either benign or malignant.

o

BEE Holw (¥ 5), 9

7} 93k (lucent-centered)
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I3 5. 3D display of mammographic mass in grey level.
The high iso-intensity contours corresponds to the mass
extracted from the region of interest (ROI).

_}?I_Hol—ﬂ S 9] 1:101—/\]_/\-] S+ A

= RS B |

Jm

AEAL ACR9 Breast Imaging
Reporting and Data System (BI-RADS™)e] 93] t} &3 o] &
ok (29 6).

I

7} &3] B (shape)

1) 5<% (round)
2) B1¥ 3 (oval)
3) B4 A& (lobulated)

4) 23 2% (irregular)
U Az 1 Alole AAY 54 (margins)
3l

1) W&k 49 (circumscribed)

4) 23t 49 = AAVE £A4 22 49 (ll-defined)

5) A} (spiculated)
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Mass Shape Mass Margins

Round Circumscribed
Oval Obscured
Lobulated Micro-lobulated
Irregular li-defined
Architectural Spiculated
Distortion

¥ 6. Classification of mammographic mass shapes and
margins. Architectural distortion is not technically a mass
since there is no definite mass visible. Circumscribed
margins are well defined and sharply demarcated with an
abrupt transition between the lesion and the surrounding
tissue. Obscured margins are hidden by superimposed or
adjacent normal tissue. Microlobulated margins have
small undulating circles along the edge of the mass.
Ill-defined margins are poorly defined and scattered.

Spiculated margins are marked by radiating thin lines.

o

o %

o

94 W% (density or attenuation)

)
=

ki

-
K

(high)

&
ol
i)
b

(equal or isodense)

=

S
2

W% (lower attenuation, but not fat containing)

4) A% (fat containing or radiolucent)
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294 7. Image phantoms for the preliminary test of circularity. A
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mass shape may have one of seven characteristics
nodular, lobulated I, lobulated II, irregular, and stellate.



3 2. Experimental results of the circularities of image phantoms

Perimeter Circularity

Area

Series

0.897
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8.624

5.307

8.706
9.260
8.237
7.810

4967
5.162
4.001

0.757
0.741

0.653
0.486
0.178

3.167
3.897

10.034
14.457

2.960

il d

4
Ko

o ool F-ofuk

e dE FAAA F

B

AT A A A
A ear oW ROI fejet= ALke] 7}

1|

!

jpace]

—

o
g

o

-

o1 4]

n-

A F EAZE 9

bo. A3 e

)

gol b

-

WA @A F3 Fele el

o T

o drt.

tel o wAel wlg-

5|

ol 44 Foz Q)

=]
=

GER7F Tk O

o X A7)

&

3

1|

)

!

=0

H

e o]

%3} (thresholding)

o

,14,



Image-] ver 1.30 (National Institutes of

378 DICOM (digital imaging and communications

-

1

= ol A

=

in medicine) Viewer$l

o Jo W of mma m _ﬂu %0 i Mo %W o M# o7 w_m
'~ — m o W o B N
owm T ok D@ P £ % oo w ok
il
ﬂ o me 0 m 3 olo <0 < o
M o ~ T < BT o> W B = e = F
CI R I R o B E oz
o T = fe 5 T =D ) T
o 1 = o I 1H r Nd &
T < ﬁw o T m % R 70 ;Mcm M- W oo e s
o Dy B O BT W o F o of w N-
.ﬁro_amo%mu”%R%nwﬂ - 5 S L wm o
B < T o o — T TN o w i E_v ] o_a oﬁa z.*o HA_I
oo 80 %0 B 5 JI il I~ TN N
o 1 _ Bo 1m o X EIE X | E X ﬂ_Dl B b <0 :i B
oo 0 s XH = n J| — N 0 = L0
5 o e — ) = T op 2 oM o
°m Lo N g TS oA A 7o
P oo 5 ok ke _ o T ] =
= o W e T < ooy LT o S
A A ,m.% — BT_ ,lv_Al fie) W T ) 5 HT_ T 0 Br ,M; - .
By bo oR Moo s B Tor ~ M & B = NS
i rataiTEE B prElrei
kel or H T ey _ﬂm g X % ____ﬁ o e | = i) oy R m
5 W 2 om o h T T 0 B owr Mo iy H B
W L mw T o O = LA R R S s - - w
<L < — = el —_— ~
B xm oy Ew T g ol %x N B~
o O — Jo o M 1+ - - & S ooy M T -
% A o_a o = v ﬁo Exg Bo ﬂ_Dl — o —_ — N =
a N X . x T o N > ~
R S TR = R ) A g = LT 0 T F
Mm - 1 ~ - o —
. 9 o 7 & MW oHn o I o0 X gy o Ay T i
g 2z XN 3 = o O 5 — H X
= X go .DIL. N , = fo O_n oS RN E m—f E
g ol eI £ oo T Mo B0
TW W m R LT T 0 wOB F W dp

AT,

fes ]

5t

O]

&3t

o

o7 =}

=
[¢)

vl 22 (macros) 7]

[e)

=

o 4



Horizontal Centroid: 203

0 128 256 384 512
Vertical Centroid: 263

0 128 256 381 512
Min Level: 210

162 78 101 210 226
Max Level: 227

162 178 194 210 226

s | [
clesr 01 || clear ousice R0l oo [[ |

Nast Siica

riomsiee |

Horizontal Centroict= 304

0 128 256 384 512
Vertical Centroid: 260

0 128 256 381 512
Min Level: 206

167 182 197 212 221
Max Level: 228

167 182 107 212 27
Outine St v ROI

cioxror || ceousgenon || oo || e [ s |
‘ Provious sica | [ et sice

e |

bins = 256; .
getHistogram(values. counts. bins):
isBbits ="bitDepth()==8 || bitDepth()==24;

max = 255;
n=0

sum = 0;

for (i=1; i<max+1; i++) {
count = counts[i];
if (count>0) {
n += count;
sum += countsi;

}
¥
print(surg/n);
.".,' ® center (pixels); |259.50
| 191.4002 ¥ center (pixelsy. |261.00
Radius (pixelsy. |146.75
[aea [Min [Max [x [y [xm [vym  [Perim. [[circ. |
1 1035 0 228 1213 1135 1.218 1136 4509 | 0.640
‘é«,.t,«\, e,
. 3
{ !
4 ;
> P
&Li\;_m’v 1
bins = 256;
getHistogram(values. counts. bins);
isBbits =bitDepth()==8 || bitDepth()==24;
may = 255;
n=0;
sum = 0;
for (i=1; i<max+1; i++) {
count = counts[il;
if (count>0) {
n +=count; .
sum += countsi;
¥
+
print(n+""+sum/n}; X center (pixels): IZB?-UU
."-., ¥ center (pixels): |253‘UD
11917814
Radius (pixels): IMS-EU
[area [Min [Max [x  [r  [xm  [vm  [Perim.|[circ.
1 1188 0 228 1171 1.065 1174 1064 4724 | 0669

19 8. Experimental procedures. Three radiological features were

extracted from the MLO/CC images of an identical patient.
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AesE 742+ e] A7y A] step-wedge HEILECZHE (29 9)
grey level Hitgte]l Ad A W3S Hol= FSHA % (optical density)
A, A2 8 2AYUZEYH 42 GdelA naskd

=
SYEE o) UolHE FFste] Ase

a9¥ 9. Step-wedge phantom film. On the film, the optical

density of each of the 21 wedges was measured. On the
image, the grey level mean and standard deviation within each

wedge was computed.

7}. HOWTEK Scanner

Massachusetts General Hospital®)] HOWTEK 960 27010l A]

step-wedge AHEHEF o] T3 = JAG 435 vwlo]AE (microns)
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o2 ~AMFEAT. 7t stepd] FIEEE A W FAHS F O FHd g

3 EEAAE Al E 3% A

¥ 3. List of optical density versus grey level (HOWTEK)

Measured Grey Level Mean
Optical Density (Standard Deviation)

3.0600 820 (67.75)
2.9067 973 (49.15)
2.7433 1117 (33.41)
2.6033 1267 (29.57)
2.4500 1425 (24.51)
2.3033 1565 (19.21)
2.1500 1710 (18.81)
2.0000 1863 (17.52)
1.8400 2036 (13.33)
1.6900 2200 (12.65)
1.5467 2355 (10.80)
1.3967 2498 (10.69)
1.2400 2663 (11.72)
1.0933 2830 ( 9.38)
0.9367 2990 ( 9.09)
0.7900 3158 (10.83)
0.6300 3341 ( 9.11)
0.4800 3501 ( 9.37)
0.3300 3681 (10.11)
0.2100 3826 (12.25)
0.0400 4012 ( 4.96)

53k tolHel gk AP 37 SAA S AAlstel A9 3789¢%



U gto g W33y 9elA step-edge HEHZAE o ZRE A& 33t
L% ZE 0.040000 41 3.06007F4] 2] AP AR EAS ol &t - A
35S 93l 8bits grey level <2 12bits grey level H| &% S a3

sto] gEUEE 7@ 5 i MBS BEAG (4 2,

HOWTEK Ecanner ai WGH
T T

25

Opiical Demsily
)

in

a5

I I I I I I
i) 1000 1500 2000 2500 3000 2B00 4000 4500
Srey—Leval

a9 10. A plot of mean grey level versus the measured optical
density of the step~wedge phantom (HOWTEK).

ODHO WTEK — 3.789 - 0.00094568 X GL_ 12bits

(2)
= 3.789 — 0.00094568 x (16 X GL_,,., +8)

L}. LUMISYS Scanner

Wake Forest thste] LUMISYS 200 Laser 2=7fu ol A step-wedge

AFLEo] a3 = JATF 50 wpo]AEo A =AM E ATt 12bits

.
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2= 0014 40959 HA HE 7HA 2R FIdE 0.00]
40052 AR LA}t AAE grey level gy FFox=
Faguy

¥ 4. List of optical density versus grey level (LUMISYS)

i)
it
)

=3

Measured Grey Level Mean
Optical Density (Standard Deviation)
0.04 4069 (14.2)
0.21 3897 ( 8.7)
0.34 3759 ( 6.2)
0.50 3601 ( 5.2)
0.69 3443 ( 5.5)
0.82 3269 ( 5.7)
0.96 3113 ( 5.2)
1.13 2948 ( 4.0)
1.28 2794 ( 6.2)
1.44 2635 ( 5.2)
1.59 2478 ( 5.2)
1.74 2324 ( 5.4)
1.89 2167 ( 5.5)
2.07 2004 ( 5.8)
2.21 1855 ( 7.6)
2.37 1690 ( 7.9)
2.52 1542 ( 9.5)
2.68 1386 (12.3)
2.84 1235 (15.4)
2.99 1099 (21.7)
3.13 957 (23.7)
3.60 495 ( 0.0)
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step-wedge HME 9] grey leveld Htgkol thalk Fatdx gk

B M3 o] A=l 8bits grey level @< 3}

2
WE goR Wass] A et ge 4 3% ek

Bowman Gray
B000 ET T T B B Lo B e o LA L

4000 [

[}
o
[}
[}

Grey—Level

ra
o
[}
[}

1000 b

Optical Density

. A plot of mean grey level versus the measured optical

density of the step-wedge phantom (LUMISYS).

G L,y — 4096.99
— 1009.01

_ (16X GL_y,,+8) — 4096.99
—1009.01

ODL UMISYS —

(3)
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7. 2A2H 3HAEY

2) 3¢ =7] : 1.00cm "]%F 1.00cm-1.49cm, 1.50cm ©] A+ Al W
3) F¥ e ¥3¥E : 06 7T 0.60-0.69, 0.70-0.79, 0.80 o]/<] ] H

4) gate]l A= 1 404 mFE 404, 504, 60, 704 o]de] oAl W
TE AT
5 HA4a7 circumscribed/obscured, microlobulated/ill-defined,

spiculated®] A WFEz= B F

Agoq  BEFE T HF (category)ol £33 NAFE =

(frequency)eta 3wl AA Jfgel  digk 72+ A

(proportion)2 YWEFHTE o]glst =4 &2 H|&d digt #A4& HF

g AsEAelgta  sted A7 Asel  disted @3
=

(contingency table) @2 o2 A + o} tF
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2ol Wgol oE wAS SYHow Adste] Avarsl 47

7l HEFY XAN2EMHE et =X2E ARY

oJRY WH FHWF FEIA B thgel Mt gl vhehg

she] oAl obele] W} 2ol

i)
i
o
v
fr
SR
>
)
ftlo
=)
I
o
rE
&
=

_ 1 _ exp(a+ Bz)
P(z) = 1+ exp{— (a+ Bz)} 1+ exp(a+ [Bx) )

b
N
[>
i}
to,
)
g
o
2
>,
rir
of\
Apy
E
-
1o
N
S
M
)
e
2
e
Jot
it
1o
to
N

.

odds — — 2 — __ep(a+ Bx)/{1+ exp(a+ Bz))

1—P 1 —lexp(a+ pBz) /{1 4+ exp(a+ Bz)}] (5)
= ezp(a + Pz)

Tt A AARGAAE 28] WA oo A oo A3 ye)
W9 A ool A voorbA] AL, 9 BFAAE yol W7k 0
A 1A el 9184 Raka gk mekd 2458 G548 obd
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(logistic transformation) A]7]

[€]

=3RS

g 78

o log

g A%y (4 6)o] Bolir,

Ea

(6)

P ‘
_P):a—i-ﬁx

logit(P) = log ( 1

Cx = 09 o Aol Aol loglodds)

a

7t ) AR o] dojd loglodds)e] & 7HE

=
°©

Bx7b # e

AYm A g9t 71271 pol

=
=

o= Ay

A% 2A~Y

HA =

S

e} Gz W

o =
a =

H] (odds ratio)°] t}.

=

©)
-

3L
=

bol uhe grol

S

g 2
=

A<=l antilog

)

it

Folth webd tE mx s

S

_o/]

3 A EA (multiple logistic regression analysis)< 2 Al
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2 7h4
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1. HHgF B A
2h. dFo| djst AMFY HIMS

AR T DA ES 404 wRbo] 55%, 40tH7t 25.9%, 50t 7F
32.3%, 60t 7} 61.6%, 70t o] 741%= AHZFo] =2 Fo=2 z
T5 TS T EC] TS BAH (£ 5H).

A E 194 =] FFel Al g2 120.655 (p-value <0.0001)= A
Hy 1 p = 0= 71ZFstAl ¥of ARG 7]&7] p= 0°] obyH, w
Al AR AT g Fojg YIS Frha B o ok Tgk ~
95.005 (p-value <0.0001)= =v]HAGESA G FASE A28 UE
Wk (G 6).

T3 ¥ 72 3AAS a (intercept) ¥ ol A3 FHof-$-
} (standard error : SE)& Zt7F YEllZ= =z = g/ ASE =

4»
ﬁr{
S

0.836 / 0.086 = 9.7°]3 LEEAZF 2 = 950 (p-value <0.0001).=
AR A p = 09 FAFTHEC] fFolFE 5%0A VgHNeER
AdH2 AAFTE A B FF FFS v 4T = vk
EL p ) 0olEE AU EmoldSsE Jd5F8E PX)7E 71 o
714 AR FAHA a = -3.023 (SE = 0.311), 71&7] FHA B =
0.836 (SE = 0.086)c] 2= Aol st HdFTS A5 F4
A =E B A2 A 6ol od vhaa 2ol xddn.

i

=
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logit[P(z)] =— 3.023 4+ 0.836z

7127 FAR} HEoate] mind anz folsti fHEYY
4

of o8l thew el F3 & gk

P(z) = —cap(=3.023 + 0.8362)
1+ ezp(— 3.023 + 0.8367)

o5

AN

webs] A ARl 404 W (x = DY W AT EL 4

e thga gol AL & vk

) — exp(—3.02340.836(1)) — 0.1009

Ple=1) = T = 3.093 4 0.836 (1))

PRl R Ao A"l 70M013Y WE Px = 5) = 0.7608% ]

ezt JNuEs FAAA FAFES ¢ 5 Arh mebd Aot

3t &9 Sold winith oY 2 2= exp(f) = exp(0.836) = 2.307H

AdH o BAel Aol HoldsH ohgFYel WAT 2=}
Solupsl] W e zxulo] @ L=l 95% AT (1950, 2
2 o Tz el wAel exge] 9e Aoldi AL 9% AT

o] g},

P o
T A=

o
ro

d
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X 5. Table of age versus mammary tumor

Y
A
ook/\g gpg
=) 52 3 55
404 m] R
AH 9 % 94.5% 5.5% 100.0%5
=) 33 29 112
40
AH o % 74.1% 25.9% 100.0%5
=) 36 41 127
A 50t
Age % 67.7% 32.3% 100.0%
=) 56 90 146
60tH
Ago % 38.4% 61.6% 100.0%6
W= 30 86 116
704 °]7
Age % 25.9% 74.1% 100.0%6
} Hl = 307 249 556
A A
Age % 55.2% 44.8% 100.0%6
£ 6. Testing global null hypothesis: BETA=0 (age)
Af = % Folate
Likelihood Ratio 1 120.655 <0.0001
Score 1 111.168 <0.0001
Wald 1 95.005 <0.0001
X 7. Analysis of maximum likelihood estimates (age)
. Standard Wald i
Parameter DF Estimate ) Pr) ChiSq
Error Chi-Square
Intercept 1 -3.023 0.311 94.447 <0.0001
age 1 0.836 0.086 95.005 <0.0001
¥ 8. Odds ratio estimates (age)
Effect Point Estimate 9526 Wald Confidence Limits
age 2.307 1.950 2.729
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X 9. Table of optical density versus mammary tumor

TEd
A
*A oA
Hl = 76 49 125
1.80 o] B
HAE 60.8% 39.2% 100.095
H & 124 84 208
1.50-1.79 B
_ HAE 59.6% 40.6% 100.095
RS
=] =S 74 77 151
1.20-1.49 B
HAE 49.0% 51.0% 100.0%
IR 33 39 72
1.20 =gk
HAE 45.8% 54.2% 100.0%
A = 307 249 556
all A
HAE 55.2% 44.8% 100.0%
E 10. Testing global null hypothesis: BETA=0 (density)
2= & ol gE
Likelihood Ratio 1 7.064 0.0079
Score 1 7.045 0.0079
Wald 1 6.982 0.0082

¥ 11. Analysis of maximum likelihood estimates (density)

Standard Wald

Parameter DF Estimate ) Pr) ChiSq
Error Chi-Square
Intercept 1 -0.759 0.226 11.299 0.0008
density 1 0.237 0.090 6.982 0.0082

¥ 12. Odds ratio estimates (density)

Effect Point Estimate 95% Wald Confidence Limits

density 1.268 1.063 1.512
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ch. =700l ot AYZY WNE

T A7|E G FTF HAELS 1.00cm HIRFe] 355%, 1.00cmel
A 1.49cm AFel 9] F3 = 45.0%, 1.50cm ©]/de] 51.0% %5 (3 13).

A= 194 SEuAAZSAZE (15.207, p-value <0.0001), =5 o %
A (15109, p-value = 0.0001), €=FAHF (14855 p-value =
0.000)= HJo =z F3 279 Al f = 09 FAF7Ho] 712
i (% 14), 9 A7l B F4HE SFAAT = 0448 (SE =
0116)2 F¥ e A7|7} AAFE FHFEFL 588 P77 5718
T vk (3 15).

S z=nH FAA I Arw FAHH 2AXE 374 dgH
T ¥ A7) 3k xgte] x+12 WM& w 2= P/ (1-P) = 1.566
olat (& 16), °] 2 exp(f) = exp(0.448)7} x| atc}, npfto] s}
H 71&7] FAA pe= Ba=8E Yedth ofdFfo] HAE o

=1

717F 3 &9l Skl whep T1oojdde) oF 156.6%7F &

ofN

o
1

TS S .
ok A] o} A b
Hl & 120 66 186
1.00cm W&k
HAE 64.5% 35.5% 100.0%
Hl & 131 107 238
7] 1.00-1.49cm
HAE 55.0% 45.0% 100.0%
Hl = 56 76 132
1.50cm °]
HAE 49.0% 51.0% 100.0%
. Hl = 307 249 556
all A
HAE 55.2% 44.8% 100.0%
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X 14. Testing global null hypothesis: BETA=0 (size)

A e Tk =
Likelihood Ratio 1 15.207 <0.0001
Score 1 15.109 0.0001
Wald 1 14.855 0.0001

E 15. Analysis of maximum likelihood estimates (size)

Standard Wald

Parameter DF Estimate ) Pr) ChiSq
Error Chi-Square
Intercept 1 -1.068 0.240 19.781 <0.0001
size 1 0.448 0.116 14.855 0.0001

¥ 16. Odds ratio estimates (size)

Effect Point Estimate 95% Wald Confidence Limits
size 1.566 1.246 1.966

U

cf. 2o ojgt YIS 4y

T3 Heoko] BEFFHE ALE AAFE 93 ez = 0677k )
A 2 S Wol: o] T44%% M ot Ed WAlEo] = 9
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ATt (& 18).

3| AAIS B = 0880 (SE = 0.092)2.2 T A% ko] Zolds
= (T390 EFol =it
717 7hEA S7MeE 4 ¢ T (& 19).

ozn] A 2410024 F3 R BIAAG YEE ANGHE

i
Jhu
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e
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=
lo
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=7 3 &9 Skt
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et
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7hE & Wstes Bidu (G 20).

3 17. Table of mass circularity versus mammary tumor

S
2 A
A o} A
Hl 129 22 151
0.800] A
HAE 85.4% 14.6% 100.0%
Hl 93 67 160
0.70-0.79 .
S HAE 58.1% 41.9% 100.0%
e W 53 67 120
0.60-0.69 B
HAE 44.2% 55.8% 100.0%
Hl 32 93 125
0.60m] 2k
HAE 25.6% 74.4% 100.0%
) Hl 307 249 556
2 A
HAE 55.2% 44.8% 100.0%

¥ 18. Testing global null hypothesis: BETA=0 (shape)

o e 1S frolgE
Likelihood Ratio 1 110.079 <0.0001
Score 1 104.348 <0.0001
Wald 1 91.966 <0.0001
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¥ 19. Analysis of maximum likelihood estimates (shape)

Standard Wald

Parameter DF Estimate ) Pr) ChiSq
Error Chi-Square

Intercept 1 -2.352 0.245 92.165 <0.0001

circularity 1 0.880 0.092 91.966 <0.0001

£ 20. Odds ratio estimates (shape)

Effect Point Estimate 95% Wald Confidence Limits
circularity 2.410 2.013 2.885

of, =Haof ofgt ofd

OB

g HY=

npx|ato 7 WMo sl circumscribed/obscured £27H1S B G-

=2
o
o,

9 WA E 16.4%, microlobulated/ill-defined 7 -$-7} 55.2%,

=

a7l (spiculated)o] BY g0 95.7% =2 WARAEH o2 A4

jatal}

Aol Wl Fa3A HHEFE AN Aow 2ANAT (E 2D,
web 71€7] 243 p = 09 AFAHel B FHE nmolv]
Az (F 22), °f Mol fAAAF pe 2121 (SE - 017Deld

a7 7o) Was WAL xAle uo] ofAEeke o=8E Py =
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3 21. Table of mass margins versus mammary tumor

S
A A
4+ oA

Circumscribed v 225 44 269
/Obscured HAE 83.6% 16.4% 100.0%

o] Microlobulated  ®Wl &%= 77 95 172
T /Ill-defined HAE 44 8% 55.20% 100.095

. SR 5 110 115

Spiculated

HAE 4.3% 95.7% 100.0%

. HlE 307 249 556

A

HAE 55.2% 44.8% 100.0%

¥ 22. Testing global null hypothesis: BETA=0 (margins)

A e Tk frolgtE
Likelihood Ratio 1 243.680 <0.0001
Score 1 215.813 <0.0001
Wald 1 153.203 <0.0001

¥ 23. Analysis of maximum likelihood estimates (margins)

Standard Wald

Parameter DF Estimate ] Pr) ChiSq
Error Chi-Square
Intercept 1 -3.856 0.309 155.815 <0.0001
margins 1 2.121 0.171 153.203 <0.0001

¥ 24. Odds ratio estimates (margins)

Effect Point Estimate 9526 Wald Confidence Limits

margins 8.335 5.958 11.662
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3 25. Testing global null hypothesis: BETA=0

A5 & Folgg
Likelihood Ratio 5 329.963 <0.0001
Score 5 267.373 <0.0001
Wald 5 157.462 <0.0001

3 26. Analysis of maximum likelihood estimates

Standard Wald

Parameter DF Estimate ) Pr> ChiSq
Error Chi-Square

Intercept 1 -8.495 0.774 120.571 <0.0001

age 1 0.817 0.113 52.080 <0.0001
density 1 0.220 0.130 2.860 0.0908
size 1 0.658 0.178 13.700 0.0002
shape 1 0.263 0.122 4.687 0.0304

margins 1 1.833 0.201 83.590 <0.0001

X 27. Odds ratio estimates

Effect Point Estimate 95% Wald Confidence Limits
age 2.264 1.814 2.827

density 1.246 0.966 1.609
size 1.931 1.363 2.737
shape 1.301 1.025 1.650

margins 6.253 4.221 9.263
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(percent concordant) 90.4%, =Y X*% (percent discordant) 9.4%, &
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EFE 2= A9 & (percent tied)©] 0.2% ]t}

X 28. Association of predicted probabilities and observed

responses
Percent Concordant 90.4% Somers’ D 0.809
Percent Discordant 9.4% Gamma 0.811
Percent Tied 0.2% Tau-a 0.401
Pairs 76443 C 0.905

ROC (receiver operating characteristic) =A4-& %3 2o A%
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a9 12. ROC curve at a confidence level of 95%. The
area under the curve (AUC), which can range from 0 to 1,
1s used commonly as a performance measurement. A higher
AUC indicates a greater probability of making a correct
decision. For this association of predicted probabilities and
observed reponses table, the value of the statistic ¢ equals
AUC (AUC = 0.905).

,40,



7R N T A W OB .
T R E & H o W ~ TN o w AR om oE
B ~ oo oy M © om0 T N He NF G T s of
o X B w D o = N B 2w ow o= w
LT TwEE BIDIEII kB
T AR o aF o X N m R oy O B o <
= ~ 8° o _ — = o P o B
T B Ry # ﬂ745wgﬂ.oﬁ% o 3
_ — ) o N e ) 0% o oF oy
Ewmwwﬂﬂ ?%%@gg%ﬁﬂwﬂoqgg
B _m| = N F o ST = ) ml N T o R POﬂ oF @ g
i P T X =z 4w Moy, BT ow B Low
PR . ~ pe S —_
=& 5 ° %2 5 %mﬂiw_mwo_o__ﬁ;m;mmw
- {F 25 T M =) g m _ “ X K N o e & o o H
Kl o~ Bl o © o = E BT I = X T
- p 2 N e s om ko P i WS o o
" mﬂ_. uﬂ B ™ AJ o A 3 = g - o oF U Kz P
> O 5= T op % o E o w M = N O S T G
ﬂﬂ%%%1453%@@%%5ﬂvm%ig
Y 5 ay — W © T o= o= o PN o
R 0 5 © W T T w K 7 @ TR e =
g F o RO o R ek TR o B W T o
X e KB = " No = W i F 2 S = JJ o o -~
= WoN o m i _ © g2 o T LR
o RO W my Mo o SN EE N
%ﬁ%ﬂfé.ﬂ%&#lﬁ ) S X E e o T
BT R iz e hww = T = o op o) 0 = - o
iy o oW o o 8 oM xR K3 B
R A — & = % o W L by
of X o RmoR oM N BT SIGUC:
EL m_ﬁ.u EE E . Lf _E .~ EE e o Onﬂ T Of N = = HT_ P OT
Moo B AE T T W T W 2 o = A
0 o 9 7T =" K AF EL 5 X . T on Tk
I - R I X T oo o .
O S ,_M,VvL J T Ev.c o T I
o EOW T o ook W R R e
o 53 Mﬂ :Ioﬂ =

ool A F37h 1
- 41 -

==
=



B o WO -u -l R ~y 2o = —
oy BN o o W ° Mn_ x = = = mrm Eﬂ 9o W o oM N
oo o ™ K T q ¥ I )
ML v oo B ow ¥ N A
[ —_ w - X — mFm T 2o m oo T
BT T gTEAFT %w@E@@Mﬂ@MW
B! A = _ GO : o = =
# S ZE LS FTar TrzwzlTc®
;IY‘V| To i © ‘Nﬂ ﬂArO ;O\_ =) ,UAI\_ ,OI = o ﬂuﬂ_ 0 _
Yo 9y Vo oW owm o - < PR
N I i ol S T R e
Mo @n M e B T % ol T oL oo T
~ — s T [y [N ~ OE OW q \mﬂ
o) Zo X o ~ 3! oy mon g K e v e
T ~ —_— ~ ‘ﬂA! <. ~ — — Et XE
W O T X oo 0 X R RN 11 e o R
" B g T oo w P T — of M o°
oo % g o X2 o] o = % o o M o WF
i X %M I )| X -~ Q o o F o om —_—
N W B S o e <° ue H %R 0 T o °
No g w. T/ =0 Bow X W N K o o o £ T = 7
Njo z o KT ] g X
N O oo = . T ® B O %wm% 2 ox W
Wox Hop R TR T " ) o o )
B o = = = JJJ A = BN~
T oN W o 2 T R I o < " X
° 2o o T oo w 4w TR o T
d oz T koot TR o ©ox ﬁ oF ) T w
) w X ;
CHERGI o . 2 o I SR G S,
H :i, w 1H o oF ™ - d| {Jo w2 S oo iy o 3l
ol i B X Moo 5 Ao = = T og = %
of ¥ T Tyl LT TeTY 0 FT
W R ) ~ do — a2 5 g 7 o) . =
X W o= N 0 AT ( = 3 Hl | ﬂr AT 0
- s ol T Ha No =0 =m0 do 9 0 o w = il g
e A NS 5 W0 W g N NFO o W
50 o MM — o o) k- T ) o H T 7o d = ™ oo an
o = B o oF O o4 BOWOM oM o ° TR W o T
o &3 B o= 2 K 7 < "o e N
X oo Mm; T TN R omowm w5 H R o ok .
oF o W T T % ok W o) o W = = o T = ok A T T

,42,

Az oA o8 759

5ot

E<h
Al
=

)
=



B

393
Atk
. ohebA

o
o

I otow
o

9]

L
;.01_

el

,43,



==
=

3l

5

MR e A

M mOE oSN oM oM B X a_mu@r%@%ﬂah
K - L " e < xom W KO . XF T " 0
T Yo o owoN . ® o T W o g
~ OL 6N il X ,mE Of —_ N ;OT
j— N T _,t ~ O ﬁﬁ ﬂe o oL — —
T <) W e T oo , o o T X ™ T
i oH Jy o T oo ok ml — B ~ oOF W
=0 O_E — ﬂ 10..U ~ 0 o 0 ﬂL o) ‘Mu_l &
= S S S B R S
m ol N oo T ox X — K -
- = T oy OF LN LG o ol
Zo LT 1@ o N e L Hook m TR
Mo & R T oo o T mo el
~o i o ] —_ T o o
X T X" in o)) 3 X ~
N B N S T g Mww F
0 & mk = T A o] L = T OW O OF
— To N ) O# [ co N \WE N
N ®° w7 IR R o oW F M
A ) Y m Ko W = T =
mﬂ ~ ‘umO “_H,WO nD._ N __A_l mW.O AT — ;.OL QL \HU ‘q HO
i B o5 Jo — = W TF © oE ° 50 ok
o ,H.|J| 1FO —_ < 1 1o q O_E ﬂ_l ‘U—l CT
= %0 w_ T e R = @_m o
oy o W ooy BOF Mu_ T oy <M= 5 T T
iy = cmw ~ = H W G Mr Fra e B~ - - R S~
B N o - W e > o 4w Boom o
T o T rowm Yo ) T T s = X
BRI N T om0 %o Pk % o w oo P
FiIt FideenElbEisaz
ﬂ@m@,mumﬁcmMmﬂﬂiﬂuTuoo_eﬁLaE%
= T oo % ™ ) 5 X Wy o " Mo " ow AT
R = i NEOOF K BT oo %R TO ok MM et Bl = =~ ~ B
A Ao mo T o n oo X omp N
au o A1 o oF I oo T
W% ok B ol o B ooff oo o T M o W N
BB oo W oo m N o U o x Ao % E N

}

°
pad

e =2 g

°

SR

,44,



—_
o

(marker) 2]

]

=

<2

il
I
Ho

screening programe®ll

Al

|

7

=z
T

(double reading) A|=¥rF o}z

ofy
il
o)

SR
=)

o
o

)
T

—
fite)

ofy
ol

Q
.
-
a

i)
=

=

23z HAARE Al

2~8l (picture archiving and communications system : PACS)2]
H

SRR

gl
oR

ol

ol

=
A

%

ol

o

of
el
]

o)

X
B

44

SEREENY

o

R

94 Ho o

,45,



i
L
gl
rl

CBARAS 20039 =7F kAR 2k 2003.

. Harris JR, Lippman ME, Morrow M, Hellman S. Diseases of the

breast. Philadelphia: Lippincott—-Raven; 1996.

C L7 el Al ol sl 1995, p.57-84.

. Kopans DB. Breast imaging. Philadelphia: JB Lippincott; 1989.

p.1-16.

. Tabar L ,Fagerberg G, Duffy SW, Day NE, Gad A, Grontoft O.

Update of the swedish two-county program  of

mammographic screening for breast cancer. In Bassett LW

ed. RCNA : Breast imaging current status and future

directions. Philadelphia: WB Saunders; 1992. p.187-210.

. Monsees BS, Destouet JM. A screening mammography program.

Staying alive and making it work. In Bassett LW ed. RCNA
Breast imaging current status and future directions.

Philadelphia: WB Saunders; 1992. p.211-9.

. Moskowitz M. Guidelines for screening for breast cancer. Is a

revision in order. In DBassett LW ed. RCNA @ DBreast

imaging current status and future directions. Philadelphia:

WB Saunders; 1992. p.221-33.

. Feig SA, Hendrick RE. Risk, benefit, and controversies in

mammographic screening. In Haus AG, Yaffe M] eds.

RSNA Syllabus : A categorical course in physics. Technical

aspects of breast imaging. Oak Brook: RSNA; 1994.

,46,



p.121-37.

9. Doi K, MacMahon H, Katsuragawa S, Nishikawa RM, Jiang Y.

10.

11.

12.

13.

14.

15.

Computer—aided diagnosis in radiology: Potential and pitfalls.
Eur J Radiol 1999;31:97-109.

Health M, bowyer K, Kopans D, Moore R, Kegelmeyer P ]Jr.
Mass detection by relative 1mage intensity. The
proceedings of the b5th international workshop on digital
mammography. Wisconsin: Medical Physics Publishing;
2000. p.46.

Doi K, Giger ML, Nishikawa RM, Hoffmann KR, MacMahon H,
Schmidt RA, et al. Digital radiography: A wuseful clinical
tool for computer—aided diagnosis by quantitative analysis
of radiographic images. Acta Radiol 1993;34:426-39.

Zheng B, Chang YH, Staiger M, Good W, Gur D.
Computer-aided detection of clustered microcalcifications in
digitized mammograms. Acad Radiol 1995;2:655-62.

Lee CS, Kim JK, song KS, Park JM, Park HW.
Computer—-aided diagnosis system for the detection of
microcalcifications in X-ray mammogram. Journal of
Korean Society of PACS 1997;3:41-6.

Seoul National University Hospital. The first international
workshop for computer aided diagnosis. 2003.

University of South Florida. DDSM: Digital database for
screening mammography. http://marathon.csee.usf.edu/

Mammography/Database.html.

,47,



16.

17.

18.

19.

20.

21.

22.

Zhou C, Chan HP, Petrick N, Helvie MA, Goodsitt MM,
Sahiner B, Hadjiiski LM. Computerized image analysis:
Estimation of breast density on mammograms. Med Phys
2001;28(6):1056-69.

Malich A, Marx C, Facius M, boehm T, Fleck M, Kaiser WA.
Tumour detection rate of a new commercially available
computer—aided detection system. Eur ] Radiol
2001;11:2454-9.

AAMeta ofgefet AegAbd Aty 7ok Ade]
<. 1996. p.70-1.

RA Lorey, JL Solka, GW Rogers, DJ Marchette, CE Priebe.
Mammographic computer—assisted diagnosis using
computational statistics pattern recognition. Real-Time
Imaging 1995;1:95-104.

Rangarai M Rangayyan, Nema M El-Faramawy, JE Leo
Desautels, Onsy A Alim. Measures of acutance and shape
for classification of breast tumors. IEEE Trans on Medical
Imaging 1997;16(6):799-810.

Zhimin Huo, Maryellen L Giger, Carl ] Vyborny, Funmi I
Olopade, Dulcy E Wolverton. Computer—aided diagnosis:
Analysis of mammographic parenchymal patterns and
classification of masses on digitized mammograms.
Proceedings of the 20th international conference
[EEE/EMBS 1998;20(2):1017-20.

Lort Mann Bruce, Reza R Adhami. Classifying mammographic

,48,



23.

24.

20.

26.

21.

28.

29.

30.

mass shapes using the wavelet transform modulus-maxima
method. IEEE Trans on Medical Imaging
1999;18(12):1170-7.

Cynthia Y Enderwick, Evangelia Micheli-Tzanakou.
Classification of mammographic tissue using shape and
texure features. Proceedings of the 19th international
conference IEEE/EMBS 1997;810-3.

Punam K Saha, Jayaram K Udupa, Emily F Conant, Dev P
Chakraborty, Daniel Sullivan. Breast tissue density
quantification via digitized mammograms. IEEE Trans on
Medical Imaging 2001;20(8):792-803.

Lee-Han H, Cooke G Boyd NF. Quantitative evaluation of
mammographic densities: A comparison of methods of
assessment. Eur J Cancer Prev 1995;4(4):285-92.

American College of Radiology. Breast imaging reporting and
data system (BI-RADS). 3rd ed. 1998.

Kim YM, Steven CH. Handbook of Medical Imaging vol. 2:
Medical image processing and analysis. Washington: SPIE
Press 2000. p.918-1004.

John C Russ. The image processing handbook. Florida: CRC
Press 1995. p.523-6.

National Institutes of Health. Image]: Image processing and
analysis in Java. http://rsb.info.nih.gov/ij/.

Q. (-masts A3 MFd A8 B4E A2

- 1996. p.79-112.

Lo

S

,49,



31.

32.

33.

34.

Ao, e,
p.531-554.

ol s, Fd4,

,50,

A8 EARA. SPSS

. Win SAS V&

ol7keln| 2002

AL 2003.

A OANE Afolghevl 2002



Abstract

Radiological feature estimation and risk assessment of

mammographic mass and density by computer—aided analysis

Jaehoon Lee

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professor Hee—Joung Kim)

The debate as to the best means for analyzing mammograms
has now focused attention on the possible use of digital image
processing and computer vision techniques to serve as an adjunct
to visual analysis by a radiologist. The purpose of this study was
to propose robust schemes in terms of mass diagnosis and to
objectively assess the confounding effects on cancer risk.

For the experiments of mammographic masses, 249 cases of
malignant (case group) and 307 cases of benign (control group)
from the DDSM were selected. All diagnoses were proven by
pathologic examinations and both of the two standard views, MLO
and CC, were used. The produced regions of mass candidates were
calculated for the irregularity and size and then densities in grey
level were extracted from segmented regions for normal regions

around a mass. In order to investigate the risk assessment, three
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features were consequently extracted: 1) average gray value of
background (converted into optical density); 2) mass size; 3) mass
shape (circularity). In addition, the sets of features by the patient
age at time of study and the mass margins were finally employed
to statistically show the correlation with the incidence rate of
malignant tumors. FEach variable was categorized and then
performed for the multiple logistic regression analysis to reveal the
interaction to the probability of a malignant tumor.

For each variable, there were significant linear correlations with
the incidence rate of malignant tumors. For the multivariate
analysis with 95% confidence interval and high p-value, these
analyses significantly showed that the effects on incidence rate of
malignant tumors were complexly associated in the order of
margins, age, mass size and shape. However density relatively
showed low significance probability.

A novel approach for quantification of characteristics of mass
regions in digitized mammograms was proposed and the results
showed that the proposed method has a good capability to reveal
the joint effect on incidence rate of malignant tumors. This method
may be useful for identifying mammary tumor in mammography

and developing computer—aided diagnosis as a solution.

Key Words : breast cancer, mammography, mass, density,

computer—aided analysis, multiple logistic regression analysis
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