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= Abstract =

The purpose of this study was to propose robust schemes in terms of mass diagnosis and to objec-
tively describe the confounding effect on cancer risk. For the experiment of mammographic masses,
249 cases of malignant (case group) and 307 cases of benign (control group) from the Digital
Database for Screening Mammography (DDSM) were selected. Each radiological feature was catego-
rized and then performed for the multiple logistic regression analysis to reveal the interaction to the
probability of a malignant tumor. For 95% confidence interval and high p-value, these analyses signifi-
cantly showed that the effects on incidence rate of malignant tumor were complexly associated in the
order of margins, age, size, shape and breast tissue density. Our method may be useful for identifying
breast cancer in mammography and developing computer-aided diagnosis as a solution under the
PACS environment.
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1. DDSM web page. Itis 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 speculated mass. All cases in DDSM are female patients.
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3. Experimental procedures from the
MLO/CC images of an identical patient.
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1.80 39.2%, 150 179
B 40.6%, 120 149
. 1 51.0%, 1.20
120.655(p—value  0.0001) Hy: B 54.2%
=0 B O , ( ) (
. 5).
111.168 (p—value 1 , ,
0.0001), 95.005(p—value 0.0001) p—value 0.01 =0
( 2. ( 6).
=B 0=-0.759(SE=0.226) B
/ASE(asymptotic standard error)=0.836/0.086=9.7 =0.237(SE =0.090) (
Z’=95.0(p—value  0.0001) =0 ) P (x) (
5% 7).
. 1.268
0=-3.023(SE=0.311), B 1268 (126.8% ) ( 8.
=0.836(SE=0.086) 1.00cm 35.5%, 1.00cm
P(X) ( 3. 1.49cm 45.0%, 1.50cm 51.0% (
odds exp(B)=exp(0.836)=2.307 , 230% 9).
(odds ratio) ( 1 (15.207, p-value
4). 0.0001), (15.109, p—value=0.0001),
(14.855, p—value=0.0001)
95% =0 ( 10).
(1.950, 2.729) [3=0.448(SE =0.116)
95% P(x)
( 11).
grey level
X x 1 PI(1-
2. Testing Global Null Hypothesis: BETA=0 (age)
1. Table of Age vs. Mammary Tumor gooo O ooog
good Likelihood Ratio 1 120.655 <0.0001
= - 0H Score 1 111.168 <0.0001
Wald 1 95.005 <0.0001
400 OO oo 52 3 55
Oooo0 % 94.5% 5.5% 100.0%
400 : S S " 748i% 2523% 101()1(2)0/0 3. Analysis of Maximum Likelihood Estimation (age)
- : - Parameter DE Estimate Standard .Wald Pr> Chisq
0o 5000 oo 86 41 127 Error  Chi—Square
Ubd% 67.7%  32.3% 100.0% Intercept 1 —3.023 0311 94447  <0.0001
600 oo 56 90 146 Age 1 0.836 0.086 95.005 <0.0001
000 % 38.4% 61.6%  100.0%
oooo S 5 % 2533% 748$% 10213% 4. Odds Ration Estimates (age)
. 0o 307 249 556 Effect Point Estimate 95% Wald Confidence Limits
o000 % 55.2% 44.8%  100.0% Age 2,307 1,950 2,729
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P)=1.566 ( 12), exp(B)=exp(0.448) P(x) ( 15).
B 2410
156.6% 241 (240% ) ( 16).
06 circumscribed/obscured
74.4% 16.4%, microlobulated/ill-defined
0.60 0.69 55.8%, 0.70 55.2%, (spiculated) 95.7%
0.79 41.9%, 0.8
14.6% ( 13). ( 17).
B=0
) ) ) ( 18), 2121(SE =
(p-value 0.0001), B 0.171) ( 19).
=0 ( 19).
B=0.880(SE =0.092) P(x=1)=0.150
( ) P(x=3)=0.925
5. Table of Density vs. Mammary Tumor
gooo
oo oo oo 9. Table of Mass Size vs. Mammary Tumor
1sonn Do 76 49 125 Hobo -
oo 60.8% 39.2%  100.0% od ogd
1.50-1.79 IZIDDDD 5913.2;% 40?2% 1020c.)§% LooemuE DDDDD 6‘1‘-2;/0 35?2% 10152%
nooo 1.20—1.49 od 74 e 151 00 1.00-1.49cm oo 131 107 238
ooo 49.0% 51.0%  100.0% ooo 55.0% 45.0%  100.0%
od 7 132
12000 DDDDD 45?2% 543_)2% 105%% 1.50em bt ooo 495.2% 51.3% 1003.)0%
0o od 307 249 556 0o oo 307 249 556
ooo 55.2% 44.8%  100.0% goo 55.2% 44.8%  100.0%
6. Testing global Null Hypothesis: BETA=0 (density) 10. Testing Global Null Hypothesis: BETA=0 (size)
ooo O oooo ooo 0 oooo
Likelihood Ratio 1 7.064 0.0079 Likelihood Ratio 1 15.207 <0.0001
Score 1 7.045 0.0079 Score 1 15.109 0.0001
Wald 1 6.982 0.0082 Wald 1 14.855 0.0001
7. Analysis of Maximum Likelihood Estimation (density) 11. Analysis of Maximum Likelihood Estimation (size)
Parameter DE Estimate StaEr::)z:rd Chixvslqciare Pr> ChiSq Parameter DE Estimate StaEr::jrd Chi!vgiare Pr> ChiSq
Intercept 1 —0.759 0.226 11.299 0.0008 Intercept 1 -1.068 0.240 19.781 <0.0001
Density 1 0.237 0.090 6.982 0.0082 Size 1 0.448 0.116 14.855 0.0001

4. Odds Ratio Estimates (density)

12. Odds Ratio Estimates (size)

Effect Point Estimate 95% Wald Confidence Limits

Effect Point Estimate 95% Wald Confidence Limits

Density 1,268 1,063 1,512

Size 1,566 1,246 1,966
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8.335
( 20).

32

p—value 0.0001

p—value=0.0002, p—value=0.0304

Y=1

logit [P (Y =1)]=log_ P (Y =1)
1-P (Y =1)

=-8495+0817X ;+0.22X ,+0658X ;+0.263X ,+1833X ;

P (Y=1)=

exp(—8.495+0817X ;+0.22X ,+0658X ;+0263X ,+1.833X )

1

1+exp(—~8.495+0817X ;+0.22X ,+0.658X ;+0.263X ,+1.833X ;)

( 22). p—value=0.0908
5% , 2.264=exp(0.817)
2.264
13. Table of Circularity vs. Mammary Tumor
0oooo
0o0o ;
oo oo 17. Table of Margin vs. Mammary Tumor
osong D0 129 22 151 Hooo -
’ ooo 85.4% 14.6%  100.0% oo oo
0.70-0.79 oo 93 67 160 Circumscribed/ 00 225 44 269
R ooo 58.1% 41.9%  100.0% Obscured 000 83.6% 16.4%  100.0%
noo 0.60—0.69 oo 53 67 120 0 Microlobulated 0 O 7 95 172
Rt 0ooo 44.2% 55.8%  100.0% /Mi—defined CODO 44.8% 55.2%  100.0%
oo 32 93 125 ! 0o 5 110 115
. Spiculated
0-6001 ooo 25.6% 74.4%  100.0% o 0ooo 4.3% 95.7%  100.0%
0o oo 307 249 556 0o oo 307 249 556
ooo 55.2% 44.8%  100.0% ooo 55.2% 44.8%  100.0%
14. Testing Global Null Hypothesis: BETA=0 (shape) 18. Testing Global Null Hypothesis: BETA=0 (margin)
0ooo O oooo ooo O 0ooo
Likelihood Ratio 1 110.079 <0.0001 Likelihood Ratio 1 243.680 <0.0001
Score 1 104.348 <0.0001 Score 1 215.813 <0.0001
Wald 1 91.966 <0.0001 Wald 1 153.203 <0.0001
15. Analysis of Maximum Likelihood Estimation (shape) 19. Analysis of Maximum Likelihood Estimation (margin)
. Standard Wald . ; Standard Wald :
Parameter DE Estimate naar . a Pr> ChiSq Parameter DE Estimate ar . Pr> ChiSq
Error  Chi—Square Error Chi—Square
Intercept 1 -2.352 0.245 92.165 <0.0001 Intercept 1 -3.856 0.309 155.815 <0.0001
Circularity 1 0.880 0.092 91.966 <0.0001 Margin 1 2.121 0.171 153.203 <0.0001

16. Odds Ratio Estimates (shape)

20. Odds Ratio Estimates (margin)

Effect Point Estimate 95% Wald Confidence Limits

Effect Point Estimate 95% Wald Confidence Limits

Circularity 2,410 2,013 2,885

Margin 8,335 5,958 11,662
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(1814, 2.827)

, 1246 , 1931 ,
1301 ,
exp(1.833)=6.253 ( 23).
, (6.253 ),
(2264 ), (1931 ), (1.301 ),
(1246 )
24
(percent concordant) 90.4%, (percent dis—
cordant) 9.4%, (percent tied)
0.2%
4 ROC(receiver operating characteris—
tic)
(sensitivity) (specificity)
( 90.4%), 556
(AUC: the
21. Testing Global Null Hypothesis: BETA=0
ooo O oooo
Likelihood Ratio 5 329.963 <0.0001
Score 5 267.373 <0.0001
Wald 5 157.462 <0.0001

22. Analysis of Maximum Likelihood Estimation

Parameter DE Estimate Standard .Wald Pr> ChiSq
Emor  Chi—Square

Intercept 1 —0.495 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
Margin 1 1.833 0.201 83.590 <0.0001

23. 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
Margin 6.253 4.221 9.263
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24. Association of Predicted Probabilities and Observed Responses

Percent Concordant 90.4% Somers' D 0.809
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4.ROC curve at a confidence level of 95%.
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