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E SR
In medical diagnostics, we can find the cut-off point of a biomarker based
on the Youden index computed from the corresponding receiver operating
characteristic curve. The Youden index considers the difference between
the accurate positve rate and false positive rate. Since, the false positive
rate is usually undercontrol, the Youden index needs to be modified. In
practice, however, covariates of each subject are often available which
maybe related to the biomarker under study. Therefore, in this thesis,
an extention of the Youden index is proposed which produce covariate-
dependent cut-off point of the biomarker under a restriction of the false
positive rate. We then investigate the bias and the standard error of
the estimated cut-off point and Youden index. Finally, we apply the

proposed methods to illustrate the data about pancreatic cancer.

Keywords: Youden Index, false positive rate, cut-off point, receiver

operating characteristic curve.
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F —: FHHCox FrE 18 Cox X T Youden 18&AmzifrdgyARR £ 453
a=0.1

F&# Cox A, F18Cox B,

Bias of RMSE of Bias of RMSE of
(Ve ’Yy) (Be, 5;,) 3 True Jz(a) Jza(a) Jz(a) Jz(a) Ja(a)

(0.5,1.0) (-0.001,0) 59  0.611 0040  0.067  0.009  0.048
11.8 0613 0040  0.067  0.009  0.048

308  0.618  0.038  0.068  0.009  0.048

(-0.005,0) 59 0618 0079  0.095  0.006  0.048
11.8 0626 0076  0.092  0.003  0.047

308  0.651  0.065 0084  -0.008  0.047
(-0.001,0.007) 5.9  0.617  0.046  0.070  0.009  0.048
11.8  0.624 0044 0068 0009  0.047

308  0.647  0.039  0.066  0.008  0.046
(-0.005,0.007) 5.9  0.623  0.084  0.09%  0.006  0.048
11.8 0637 0078  0.093 0003  0.046

308  0.678  0.062  0.080  -0.007  0.045

(0.5,1.5) (-0.001,0) 5.9 0.787 0.024 0.048 0.007 0.036
11.8 0.788 0.023 0.047 0.006 0.035

30.8 0.791 0.022 0.047 0.005 0.035

(-0.005,0) 9.9 0.791 0.048 0.061 0.005 0.035
11.8 0.796 0.045 0.059 0.002 0.035

30.8 0.812 0.037 0.054 -0.005 0.034
(-0.001,0.007) 5.9 0.789 0.028 0.050 0.009 0.036
11.8 0.793 0.027 0.049 0.010 0.035

30.8 0.804 0.027 0.048 0.012 0.035
(-0.005,0.007) 5.9 0.794 0.051 0.064 0.007 0.035
11.8 0.801 0.048 0.061 0.006 0.034

30.8 0.823 0.040 0.054 0.002 0.032
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F = FF#HCox o F18 Cox AT Youden 158 tmzdfn3g ki £4&3t
a=1.0

F&# Cox A, F18Cox B,

Bias of RMSE of Bias of RMSE of
(Ve ’Yy) (Be, 5;,) 3 True Jz(a) Jza(a) Jz(a) Jz(a) Ja(a)

(0.5,1.0) (-0.001,0) 59 0611 0041  0.067  0.009  0.048
11.8 0613 0040  0.067  0.009  0.048

308  0.618  0.039 0067  0.009  0.048

(-0.005,0) 59 0618 0079  0.095  0.006  0.048
11.8 0626 0076  0.092  0.003  0.047

308  0.651  0.065 0084  -0.008  0.047
(-0.001,0.007) 5.9  0.617  0.046  0.070  0.009  0.048
11.8  0.624 0044 0068 0009  0.047

308  0.647  0.039  0.066  0.008  0.046
(-0.005,0.007) 5.9  0.623  0.084  0.09%  0.006  0.048
11.8 0637 0079  0.093 0003  0.046

308  0.678  0.063  0.080  -0.007  0.045

(0.5,1.5) (-0.001,0) 5.9 0.787 0.024 0.048 0.007 0.036
11.8 0.788 0.023 0.047 0.006 0.035

30.8 0.791 0.022 0.047 0.005 0.035

(-0.005,0) 9.9 0.791 0.048 0.061 0.005 0.035
11.8 0.796 0.045 0.059 0.002 0.035

30.8 0.812 0.037 0.054 -0.005 0.034
(-0.001,0.007) 5.9 0.789 0.028 0.050 0.009 0.036
11.8 0.793 0.027 0.049 0.010 0.035

30.8 0.804 0.027 0.048 0.012 0.035
(-0.005,0.007) 5.9 0.794 0.051 0.064 0.007 0.035
11.8 0.801 0.048 0.061 0.006 0.034

30.8 0.823 0.040 0.054 0.002 0.032
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F = FEBHCox A& F 18 Cox BN EE A8 Reifedgr kg 243t
a=20.1

FE#Cox A, F18Cox B,

Bias of RMSE of Bias of RMSE of
(Ve %) (Be, By) 5 True @ g@ & &' &'

(0.5,1.0) (-0.001,0) 5.9 88.966 -3.873 22.002  -0.9769 11.7988
11.8  89.092 -4.014 22315  -1.6925 11.4117

30.8  89.502 -5.271 23.292  -3.5571 13.1744

(-0.005,0) 5.9 89.474 -1.257 22.691  -1.2328 11.8564
11.8  90.117 -1.997 22484  -2.2131  11.5667

30.8  92.245 -3.452 24.035  -4.9947 13.8236
(-0.001,0.007) 5.9 85.793 -7.269 21.317  -0.9433 11.3796
11.8  82.853 -6.792 20.277  -1.5677  10.6166

30.8  74.072 -7.019 19.796  -2.9393  10.9220
(-0.005,0.007) 5.9 86.285 -5.485 22.125  -1.1877  11.4397
11.8  83.815 -4.949 21.121  -2.0580  10.7670

30.8  76.378 -5.436 20.335  -4.1508  11.4776

(0.5,1.5) (-0.001,0) 5.9 24.634 -2.163 4.609 -0.290 2.530
11.8  24.656 -2.233 4.625 -0.422 2.475

30.8  24.724 -2.370 4.883 -0.791 2.826

(-0.005,0) 5.9 24.720 -1.752 4.431 -0.333 2.543
11.8  24.827 -1.816 4.508 -0.509 2.506

30.8  25.174 -2.222 4.812 -1.023 2.937
(-0.001,0.007) 5.9 24.014 -3.184 4.929 -0.566 2.492
11.8  23.429 -3.179 4.881 -0.967 2.469

30.8  21.641 -3.529 5.068 -2.036 3.052
(-0.005,0.007) 5.9 24.097 -2.906 4.804 -0.608 2.509
11.8  23.591 -2.931 4.816 -1.052 2.515

30.8  22.032 -3.415 5.002 -2.251 3.222
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F W@ FEFHCox LA F 18 Cox HAESA 69 hekfedg 77 ARR £ 4&3
a=1.0

FE#Cox A, F18Cox B,

Bias of RMSE of Bias of RMSE of
(Ve %) (Be, By) 5 True @ g@ & &' &'

(0.5,1.0) (-0.001,0) 5.9 88.966 -4.985 22.647  -0.9769 11.7988
11.8  89.092 -5.335 22.858  -1.6925 11.4117

30.8  89.502 -6.411 23.887  -3.5571 13.1744

(-0.005,0) 5.9 89.474 -1.999 23.059  -1.2328 11.8564
11.8  90.117 -2.783 22873  -2.2131  11.5667

30.8  92.245 -3.920 24.167  -4.9947  13.8236
(-0.001,0.007) 5.9 85.793 -8.490 22.453  -0.9433 11.3796
11.8  82.853 -7.845 21.344  -1.5677 10.6166

30.8  74.072 -7.924 20.444  -2.9393  10.9220
(-0.005,0.007) 5.9 86.285 -6.328 22.705  -1.1877  11.4397
11.8  83.815 -5.600 21.550  -2.0580  10.7670

30.8  76.378 -5.901 20.718  -4.1508  11.4776

(0.5,1.5) (-0.001,0) 5.9 24.634 -2.163 4.609 -0.290 2.530
11.8  24.656 -2.233 4.625 -0.422 2.475

30.8  24.724 -2.370 4.883 -0.791 2.826

(-0.005,0) 5.9 24.720 -1.752 4.431 -0.333 2.543
11.8  24.827 -1.816 4.508 -0.509 2.506

30.8  25.174 -2.222 4.812 -1.023 2.937
(-0.001,0.007) 5.9 24.014 -3.184 4.929 -0.566 2.492
11.8  23.429 -3.179 4.881 -0.967 2.469

30.8  21.641 -3.529 5.068 -2.036 3.052
(-0.005,0.007) 5.9 24.097 -2.906 4.804 -0.608 2.509
11.8  23.591 -2.931 4.816 -1.052 2.515

30.8  22.032 -3.415 5.002 -2.251 3.222
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x£ A ¥ Youden I8EAEHA

Youden 5%

Size(X,Y) (va,7)  (Be By) SR E FEHECox X Flanphe F14 Cox X
(50,50) (0.5,1.0) (-0.001,0) 0.655 0.663 0.625 0.636
(-0.005,0) 0.679 0.682 0.650 0.653
(-0.001,0.007) 0.665 0.690 0.634 0.662
(-0.005,0.007) 0.689 0.701 0.659 0.675
(0.5,1.5) (-0.001,0) 0.814 0.817 0.797 0.801
(-0.005,0) 0.828 0.829 0.812 0.814
(-0.001,0.007) 0.819 0.834 0.803 0.821
(-0.005,0.007) 0.832 0.841 0.817 0.829
(100,50)  (0.5,1.0) (-0.001,0) 0.648 0.655 0.622 0.630
(-0.005,0) 0.670 0.674 0.646 0.649
(-0.001,0.007) 0.658 0.685 0.632 0.660
(-0.005,0.007) 0.680 0.698 0.655 0.674
(0.5,1.5) (-0.001,0) 0.807 0.811 0.750 0.796
(-0.005,0) 0.820 0.823 0.751 0.808
(-0.001,0.007) 0.813 0.829 0.751 0.815
(-0.005,0.007) 0.825 0.838 0.752 0.824
(100,100)  (0.5,1.0) (-0.001,0) 0.635 0.637 0.614 0.616
(-0.005,0) 0.648 0.650 0.627 0.629
(-0.001,0.007) 0.645 0.656 0.624 0.638
(-0.005,0.007) 0.658 0.669 0.637 0.651
(0.5,1.5) (-0.001,0) 0.799 0.801 0.786 0.788
(-0.005,0) 0.808 0.810 0.796 0.799
(-0.001,0.007) 0.805 0.814 0.793 0.803
(-0.005,0.007) 0.814 0.821 0.801 0.811
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RN EREG RAEIHA

RS
Size(X,Y) (Vo %)  (Bs, By) Sk FEHHCox BX Flan@  F14 Cox X
(50,50) (0.5,1.0) (-0.001,0) 0.038 0.041 0.043 0.043
(-0.005,0) 0.036 0.041 0.032 0.042
(-0.001,0.007) 0.039 0.045 0.043 0.042
(-0.005,0.007) 0.034 0.045 0.032 0.041
(0.5,1.5) (-0.001,0) 0.010 0.012 0.011 0.011
(-0.005,0) 0.009 0.012 0.010 0.010
(-0.001,0.007) 0.010 0.013 0.011 0.011
(-0.005,0.007) 0.008 0.013 0.010 0.011
(100,50)  (0.5,1.0) (-0.001,0) 0.035 0.033 0.043 0.042
(-0.005,0) 0.032 0.033 0.035 0.041
(-0.001,0.007) 0.033 0.030 0.042 0.040
(-0.005,0.007) 0.031 0.031 0.034 0.040
(0.5,1.5) (-0.001,0) 0.008 0.009 0.004 0.011
(-0.005,0) 0.007 0.008 0.002 0.011
(-0.001,0.007) 0.008 0.008 0.004 0.011
(-0.005,0.007) 0.007 0.007 0.002 0.010
(100,100)  (0.5,1.0) (-0.001,0) 0.040 0.040 0.044 0.043
(-0.005,0) 0.037 0.039 0.042 0.042
(-0.001,0.007) 0.041 0.041 0.042 0.044
(-0.005,0.007) 0.039 0.041 0.041 0.041
(0.5,1.5) (-0.001,0) 0.011 0.012 0.013 0.013
(-0.005,0) 0.010 0.011 0.012 0.013
(-0.001,0.007) 0.011 0.015 0.013 0.012
(0.005,0.007)  0.010 0.014 0.012 0.012
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£ +: AFECA125Z T4 & Youden 35E Az 4EE: A 69 4E3HA

CA125 Joazs Coapor
3.70  0.6642 329
10.50  0.6762 32.9
17.20  0.6873  32.9
35.00 0.7139  32.9
123.90 0.7890 22.1
142.60 0.8081 15.5
202.00 0.8693 11.5
1024.00 0.9970 3.4

AWt B ) CA125 3 MA A 3.70 0 kA& 1024.00 0 10.50 & 55— w44k -
35.00 B % = wag-fadk - 17.20 B P ALEL

F£ AL BT CAI125T CA19-989 B &

CA19-9
CA125 34 37 4 53 65 76 82 102 115 155 221 329
121.73 - - - - - - - _ - A
12174 - - - - - - - : -+ 4
137.48 - - - - - - - - - + + +
188.56 - - - - - - N
264.84 - - - - - - I
30939 - - - - - - + 4+ o+ + + o+
35146 - - - - - + + +  + 4+ 4+ o+
37390 - - - -+ + + + + 4+ o+ o+
435.07 - - - 4+ 4+ + + + o+ 4+ o+ +
596.30 - -+ 4+ + + + + 4+ + o+ o+
67727 -+ + + + + + + 4+ +  + o+
849.55 4+ + + + + + + + + 4+ + o+
*HzE 0 2 CA1254&74127.73 & CA19-9 9B 8

% 532.9 0 B CA125&#849.55 &
CA19-9 8B R B 3.4 0 b 77 R T im B T S MM 7+ T 7 B T MRk

{5‘;‘3‘0
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F A BT FIRAA010THAERE Youden FaHcAni thEs FE 69 45314

cA125 JUN 0 ECI0 gaps
370 0.6627 44.2  0.0803
10.50  0.6762 329 0.0901
17.20  0.6873 329 0.0806
35.00  0.7139 32.9 0.0585
123.90 0.7890 22.1 0.0333
142.60 0.8081 155 0.0647
202.00 0.8693 11.5 0.0378
1024.00 0.997 3.4  0.0000

# +: F18Cox BXAF CA125 Hif & Youden 158 faps S-1A 69 45 3HA

CA125 Joazs Chypes BEFE
3.7 0.6772 65.61 0.0303
10.5  0.6850 62.93 0.0295
172 0.6926 60.39 0.0287
35.0 0.7119 54.15 0.0267
123.9  0.7943 31.40 0.0182
142.6  0.8087 27.99 0.0167
202.0 0.8489 19.41 0.0127
1024.0 0.9958 0.10  0.0002

F +—: 8 Youden 18EOAR FERGE G F 0467t

7k Youden 1% 1Ei5%
E 58 (R 0.6575 0.0980
FAEE Cox BR 0.6686 0.0980
Flanm 0.6275 0.0392
F18 Cox B, 0.6301 0.0588
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FRIVR I S IR K B B 2 A A5 ARAE

Control Cases Control Cases
CA19-9 CA125 CA19-9 CA125 CA19-9 CA125 CA19-9 CA125

28.00  13.30 2.40 79.10 1550 11.10  719.00  31.40
8.20 16.70  2106.66 15.00 3.40 12.60  24000.00 77.80
17.30 740 1715.00 25.70  15.20 5.50 3.60 11.70
3290  32.10 521.50  8.25 11.10  27.20 1600.00  14.95
87.50 6.60  454.00  8.70 16.20 9.80 109.70  14.10
107.90  10.50  23.70 123.90  5.70 7.80 464.00  12.10
25.60 9.10 9810.00 99.10 31.20 1230  255.00  18.60
21.60  12.00 58.70  10.50  55.60  42.10  225.00 6.60
3.80 2.90 90.10  74.00 6.50 9.20 50.00 43.90
22.10 7.30 5.60 45.70  14.40 6.80  4070.00 13.00
44.20  10.70  592.00  7.30 3.70 15.70 28.60 8.60
7.80 8.00 6160.00 17.20 3.90 6.80  1090.00  15.40
18.00 4735 1040  14.30 6.50 17.90 27.30 93.10
4.90 96.20 162.00 66.30  10.40 108.90 3560.00  26.70
5.00 16.60  14.70  32.40 5.30 9.50 83.30 9.90
6.50  179.00 336.00 30.30 6.90 12.10 55.70 11.20
8.20 35.60 1520.00 202.00 21.80  15.00 3.90 35.70
6.60 12.60 5.80 9.20 7.60 2.90 8.45 103.60
1540  10.10 361.00 21.40  59.20 8.50 369.00 8.10
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FEE R Z B RILIEAR K gm0 A A FeAsAE

Control Cases Control Cases
CA19-9 CA125 CA19-9 CA125 CA19-9 CA125 CA19-9 CA125
5.10 11.40  8230.00 29.90 10.00  54.65 39.30 17.50
5.30 9.70 43.50 30.80  32.60 11.20  361.00 57.30
4.60 35.70 12.80 6.50 6.90 22.50 18.00 33.80
4.00 21.20  9590.00  53.60 3.65 5.60 555.00 17.20
7.8 9.40 60.20 94.20  32.50 12.00 21.80 33.50
11.50 9.80 900.00 3.70 4.00 17.20 6.60 11.70
10.20 10.60  239.00  19.90 3100.00  38.70
3275.00  27.30 682.00 20.10
85.40 86.10 10290.00  844.00
770.00  36.90 2477.60 6.90
12320.00 27.70 113.10 9.90
1079.00  38.60 45.60 142.60
1630.00  12.50 79.40 11.60
508.00  21.20 3190.00  13.20
542.00  19.20 1021.00 1024.00
235.00  14.10 251.00 34.80
3160.00  35.30 479.00 35.00
222.00  15.50 15.70 12.10
2540.00  31.60 11630.00 184.80
1810.00  24.80 6.90 10.40
4.10 34.50 15.60 19.40
9820.00  22.20 1490.00  53.90
15.70 15.40 45.80 17.30
7.80 36.80 12.80 49.80
100.53  26.56 227.00 9.70
70.90 19.20 2500.00  14.20
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