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2.2.1 Exclusion method

Guarantee-time biasE A|AsI7] 9 dwbA oz Wo] A= WP
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(B, Ogs Brs 01) = (2,1,2,0.7).
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Survival probability

Survival probability
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¥ 1-1. 100091 9] 2H8S T ZF Y FAX HIL (N=500,00 =1\ =1,00 =1,A\, =1, True HR=1,7=0.5)

] Time-dependent .
Right Cox model Exclusion method  Landmark method Parametric method

IE" concored Cox’s model
N . . . .
Estimate MSE Estimate MSE Estimate MSE Estimate MSE Estimate MSE
5 0.377  0.390 0.715 0.086 1.025 0.026 1.006 0.013 1.004 0.028
30 10 0384 0381 0.729 0.080 1.017 0.027 1.008 0.014 1.007 0.028
20 0395  0.368 0.753 0.069 1.016 0.032 1.007 0.017 1.007 0.032
5 0.280 0520 0.513 0.239 1.009 0.015 1.004 0.014 1.005 0.017
50 10 0.288 0508 0.530 0.224 1.007 0.017 1.008 0.014 1.008 0.018
20 0.304  0.486 0.558 0.198 1.015 0.019 1.005 0.015 1.002 0.018

*]E: Intermediate event
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F 1-2. 10009 RAHE T ZF e FAHX HIAL (NV=1000,00 =10 =1, 0y = 1,0\ =1, True HR=1,7=0.5)

) Time—dependent .
Right Cox model Exclusion method Landmark method Parametric method

i
censored Cox’s model

(%) 0
(%) Estimate MSE Estimate MSE Estimate MSE Estimate MSE Estimate MSE

5 0376  0.390 0.714 0.085 1.005 0.013 1.003 0.007 1.005 0.015
30 10 0382 0383 0.724 0.079 1.006 0.013 1.001 0.007 1.005 0.015
20 039% 0367 0.750 0.066 1.010 0.018 1.003 0.008 1.001 0.015
5 0.281 0.518 0.514 0.238 1.006 0.008 1.002 0.006 1.002 0.008
50 10 0289  0.506 0.530 0.223 1.009 0.009 1.009 0.009 1.009 0.008
20 0.306 0483 0.559 0.196 1.006 0.010 1.005 0.007 1.006 0.008

*]E: Intermediate event
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¥ 2-1. 100012 2AF S 53 2 BHY FAX R (N=500,00=2\=1,0, =2\, =1, True HR=1,7=0.5)

) Time-dependent )
Right Cox model Exclusion method Landmark method Parametric method

!
censored Cox’s model

%6 (%)

Estimate MSE Estimate MSE Estimate MSE Estimate MSE Estimate MSE

5 0374 0394 1.814 0.713 1.030 0.035 1.005 0.013 1.004 0.028
30 10 0.378  0.389 1.840 0.763 1.024 0.038 1.008 0.013 1.005 0.028
20 0.380  0.386 1.894 0.867 1.033 0.042 1.007 0.016 1.003 0.031
5 0.277 0524 1.222 0.063 1.012 0.016 1.004 0.014 1.004 0.018
50 10 0282 0517 1.255 0.080 1.011 0.017 1.008 0.014 1.008 0.018
20 0289  0.506 1.308 0.113 1.016 0.021 1.004 0.015 1.001 0.018

*[E: Intermediate event
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F 2-2. 10009 RAHES T ZF Wy FAHX HIAL (N=1000,00 =2\ = 1,0, =2\, =1, True HR=1,7=0.5)

) Time—dependent .
Right Cox model Exclusion method Landmark method Parametric method

!
censored Cox’s model

(%) 0
(%) Estimate MSE Estimate MSE Estimate MSE Estimate MSE Estimate MSE

5 0372 0.39% 1.793 0.655 1.010 0.016 0.999 0.006 1.003 0.014
30 10 0376 0.390 1.819 0.697 1.013 0.018 1.005 0.007 1.002 0.014
20 0382 0383 1.878 0.805 1.020 0.021 1.001 0.008 1.000 0.015
5 0278 0522 1.220 0.055 1.006 0.008 1.008 0.007 1.008 0.008
50 10 0283 0515 1.245 0.067 1.007 0.009 1.005 0.006 1.005 0.008
20 0.290 0505 1.301 0.100 1.008 0.010 1.005 0.008 1.006 0.010

*]E: Intermediate event
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¥ 3-1. 100099 2AHFAE T3 Z WHe FAHX HlAL (N=500,00=1,)\ =1, a; = 1,\, = 0.7, True HR= 0.7, 7= 0.5)

) Time—dependent .
Right Cox model Exclusion method Landmark method Parametric method

IE Cox's model
censored

(%) 0
(%) Estimate MSE Estimate MSE Estimate MSE Estimate MSE Estimate MSE

5 0289 0170 0.501 0.043 0.809 0.026 0.705 0.007 0.702 0.017
30 10 0294  0.166 0.510 0.039 0.797 0.024 0.706 0.008 0.706 0.017
20 0301 0161 0.528 0.034 0.781 0.025 0.705 0.010 0.705 0.020
5 0209  0.242 0.359 0.118 0.854 0.034 0.703 0.008 0.704 0.010
50 10 0215 0235 0.371 0.110 0.847 0.033 0.706 0.008 0.706 0.010
20 0226 0225 0.391 0.098 0.833 0.031 0.702 0.009 0.700 0.011

*]E: Intermediate event
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¥ 3-2. 10002 2oAHS 53 z} whHol FAX H|AL (N=1000,a, =1, =1,a, = 1,A\, = 0.7, True HR= 0.7, 7= 0.5)

) Time-dependent )
Right Cox model Exclusion method Landmark method Parametric method

!
censored Cox’s model

(%) 0
(%6) Estimate MSE Estimate MSE Estimate MSE Estimate MSE Estimate MSE

5 0.288 0170 0.499 0.042 0.796 0.016 0.702 0.004 0.703 0.009
30 10 0292 0167 0.507 0.039 0.791 0.016 0.701 0.004 0.702 0.009
20 0.301  0.160 0.526 0.032 0.778 0.016 0.702 0.005 0.700 0.009
5 0.210 0241 0.360 0.117 0.852 0.028 0.701 0.004 0.701 0.005
50 10 0216 0235 0.371 0.109 0.846 0.027 0.706 0.004 0.706 0.005
20 0228 0223 0.392 0.096 0.827 0.023 0.704 0.004 0.706 0.005

*[E: Intermediate event
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¥ 4-1. 10009 B2AFS T3 2z} Wi FAHX ML (N=500, 0, =2, =1,a, =2,\, =0.7, True HR= 0.7, 7=0.5)

) Time—dependent .
Right Cox model Exclusion method Landmark method Parametric method

!
censored Cox’s model

(%) 0
(%) Estimate MSE Estimate MSE Estimate MSE Estimate MSE Estimate MSE

5 0288 0171 1.189 0.260 0.816 0.031 0.706 0.007 0.710 0.016
30 10 0.287 0171 1.207 0.282 0.806 0.030 0.703 0.008 0.702 0.015
20 0.293 0167 1.245 0.324 0.809 0.034 0.705 0.009 0.706 0.019
5 0207 0244 0.833 0.024 0.861 0.036 0.703 0.008 0.703 0.010
50 10 0210  0.240 0.853 0.030 0.858 0.036 0.706 0.008 0.705 0.010
20 0216 0235 0.836 0.043 0.853 0.037 0.702 0.008 0.700 0.010

*]E: Intermediate event
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¥ 4-2. 100019 EAHFS T3 ZF WY FAHX v (N=1000,a, =2\ =1,a, =2,\, =0.7, True HR=0.7,7=0.5)

) Time—dependent )
+  Right Cox model Exclusion method Landmark method Parametric method

!
censored Cox’s model

G0 (%)

Estimate MSE Estimate MSE Estimate MSE Estimate MSE Estimate MSE

5 0286 0172 1.177 0.237 0.803 0.019 0.699 0.004 0.702 0.008
30 10 0288 0170 1.1%4 0.254 0.804 0.020 0.703 0.004 0.701 0.008
20 0292 0167 1.230 0.29 0.802 0.022 0.700 0.004 0.700 0.009
5 0208  0.242 0.833 0.021 0.857 0.030 0.706 0.004 0.705 0.005
50 10 0212 0239 0.849 0.025 0.856 0.030 0.704 0.004 0.704 0.005
20 0217 0234 0.885 0.038 0.850 0.029 0.705 0.004 0.705 0.006

*[E: Intermediate event
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e

# 5. 100099 2gAdAS

T == X 7HA stelA FHA "l

(N=500,8,=1,0,=1,8, =1,0, =1, True HR' =1.0,7=0.5)
Exclusion Landmark Time-dependent .
Rioht Cox model ) Parametric method
g method method Cox’s model
censored
(%) (%) . . . . t=05 t=1.0
® Estimate MSE Estimate MSE  Estimate MSE  Estimate MSE - -
Estimate MSE Estimate MSE
5 0375 0.392 1.069  0.017 1.002  0.024 1.004  0.013 1021 0018 1357 0.153
30 10 0.381 0.386 1.080  0.019 1.013  0.027 1.009 0.013 1.030 0018 1374 0.169
20 0390 0374 1.094  0.026 1.027  0.037 1.010  0.017 1.063 002 1391 0191
5 0279 0521 0715 0.086 1.013  0.018 1.007  0.013 1103 0026 1470 0.258
5 10 0285 0512 0729 0078 1.002  0.018 1.000  0.013 1106 0026 1471 0.259
20 0298 0494 0.758  0.065 1014  0.023 1.009  0.017 1130 0037 1482 0284
eﬁlt
"2ylax B2 True HR ﬁ *]E: Intermediate event
Oe
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E 6. 100099 2P 5% FA=2z2 X 7MA dtolX FAHA Hln

(N=500, 8, =2,0, =1, 3

=2,0, =1, True HR' =1.0,7=0.5)

] Landmark Time-dependent .
Right Cox model Exclusion method ) Parametric method
* method Cox’s model
censored
(%) (%) . ) ) ) t=0.5 t=1.0
®  Estimate MSE  Estimate MSE Estimate MSE Estimate MSE - -
Estimate MSE Estimate MSE
5 0376 0.391 1333 0130 1016 0.025 1.009 0.012 1168 0045 1798  0.719
30 10 0378 0388 1342 0.140 1.022 0.028 1.011 0.014 1.178  0.051 1825 0774
20 03382 034 1.341  0.142 1.018  0.031 1.003 0.015 1189 0055 1814  0.765
5 0277 0523 0866  0.024 1.007  0.022 1.001 0.012 1292 0103 1991 1.088
5 10 0.281 0.518 0879  0.021 1.020  0.026 1.009 0.015 1308 0118 2011 1143
20 0.291 0.505 0904  0.018 1.003 0.026 1.008 0.014 1327 0131 2010 1146

e .
To2ax B¥9 True HR= 1—075 *]E: Intermediate event
0

B4t

I}
0 e
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HE 7.10009¢ 2P S T FH=2zx X 7MA dtolX FAHA H

(N=500,8,=1,0,=1,53, = 1,0, = 0.7, True HR' = 0.7, 7= 0.5)
0 0 1 1

) Time-dependent )
Right Cox model Exclusion method Landmark method ) Parametric method
: Cox's model

censored

(%) (%) t=05 t=1.0

Estimate MSE  Estimate MSE Estimate MSE Estimate MSE - -
Estimate MSE Estimate MSE

5 029 0169 0.4 0169 0803  0.024 0708 0007 0701 0010 099 0102
30 10 029 0169 0.4 0011 0803  0.026 0708 0.008 0709 0011 1002 0106
20 0298 0163 07710 0014 079  0.029 0.707  0.010 0726 0014 1010 0117

5 0210 0241 0510  0.039 086  0.039 0703  0.008 0761 0013 106 0168
0 10 0213 0237 0518 0.036 083  0.037 0706 0.007 072 0014 1092 0174
20 0223 0229 0534 0031 0840  0.036 0.704  0.009 078 0018 1087 0174

Bt
"2E22 B¥9 True HR= % «[E: Intermediate event
0

3
Oe» 0
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e

F 8. 1000¥ ¢ EoHE S T3 FHE=2 X JHA stolA FHA ¥

(N=1500,a,=2,) = 1,04

=2\, = 0.7, True HR' = 0.7, 7=0.5)

Time-dependent

Right Cox model Exclusion method ~ Landmark method Parametric method
* Cox's model
censored
(%) (%) . . . . t=0.5 t=1.0
®  Estimate MSE  Estimate MSE Estimate MSE Estimate MSE - -
Estimate MSE Estimate MSE
5 0286 0172 0949 0071 080 0025 0706 0.007 0814 0024 1371 0489
30 10 0291 0169 0959 0078 0805 0026 0709  0.007 0826 0026 1378 0503
20 0291 0168 0958 0.080 0801  0.028 0.708  0.009 0842 0032 134 0556
5 0207 0.243 0620  0.010 084  0.040 0701 0.007 0911 0055 1537  0.757
0 10 0211 0.239 0632 0.008 081  0.040 0702 0.008 0922 0062 1539  0.766
20 0217 0234 0646  0.007 081  0.043 0707  0.007 0940 0070 1547  0.788

Bt
—7 *]E: Intermediate event
0
e
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Abstract

Estimation and comparison of survival functions

in the presence of guarantee—-time bias

Kim, Ji Hyeon
Dept. of Biostatistics and Computing
The Graduate School

Yonsei University

In clinical studies, patients who registered for clinical trials may
experience an intermediate event prior to death or predetermined endpoint.
Medication, surgery, and organ transplantation are examples of intermediate
events. In this case, the distribution of the survival function may change
due to the intermediate event. In statistics, this can be thought of as left
truncated data. If the existing survival analysis method of right censored
data directly applies to the analysis of the left truncated data, the result
would be biased.

The unconditional Kaplan-Meier estimates of the two groups in the left
truncated data are unstable because the number of drug users might be
quite small at early time point. In addition, the problem of conditional
Kaplan-Meier estimator 1is that meaningful interpretation 1is difficult.
Therefore, we modeled the guarantee-time bias as left truncated data and
proposed a survival function estimation method by the parametric method.

In this study, we compared and analyzed the existing methods and the
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parametric method that can eliminate the guarantee—time bias through
simulation. In various situations, the performance of parametric method
was the best. Through this simulation result, we expected that the
parametric method would be the method that can increase the accuracy

when estimates the survival function in left truncated data.

Key words : survival analysis, guarantee—time bias, intermediate event,

parametric method

_46_



