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Analysis of survival data having time-dependent covariates

Masaaki Tsujitani™” and Masato Sakon?

1Faculty of Information Science & Arts, Osaka Electro-Communication University, Osaka, JAPAN
2 Department of Surgery, Nishinomiya Municipal Central Hospital, Hyogo, JAPAN

Abstract

Cox’s proportional hazards mode has been widely used for the analysis of treatment and prognostic effects
with censored survival data. The model was developed based on the relation between survival and the patient
characteristic observed when the patient entered the study. When the covariates values change for the duration
of the study, however, some theoretical problems to be solved with respect to baseline survival function and
baseline cumulative hazard function are involved. Several prognostic models (e.g., Mayo updated model and
European new version model) have become widespread using the Cox’s proportional hazards modes for the
analysis of survival data having time-dependent covariates. In the present study, we propose a partial logistic
model and neural network model based on bootstrapping to estimate survival function and predict the survival
for the following short-term (say, 6 months) at any time during the course of the disease . The proposed method
is illustrated using data from a long-term study of patients with PBC(primary biliary cirrhosis) to aid the
decision when to undertake liver transplantation.

Key words: Cox proportional hazards regression model, time-dependent covariates, partial logistic regression
models, bootstrapping, neural network model.
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0 24 0 90 8
0 25 90 182 8
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0 25 0 101 9
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0 28 774 1043 9
1 34 1043 1121 9
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0 33 1051 1347 10
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0 38 0 167
0 39 167 498 1
1 43 498 814 11
0 31 0 108 12
0 28 108 187 12
0 34 187 362 12
0 39 362 694 12
1 38 694 1071 12
> attach(COLLETT)
> coxph(Surv(start,stop,event)~LBRT)
coef  exp(coef) se(coef) z p
LBRT 33 271 173 19 0057
Likelihood ratio test=13.1 on 1 df, p=0.0003 n=54
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50E-6 [
40E-6 [~
3.0E-6 |
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Ay ()= J'o/io (u)du
A 2
0 (t) = ~
fet| Y exp{xI (t )ﬂ}
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(internal time-dependent covariates)
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® 3 1 (3)2)(11)(6) 0.000000790 0.000000844
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@A) 0
(11) 4 1 8)1 )6)(12)(0)(10) 0.000000449 0.00000129
(6) 5 1 (©)(12))10)(7) 0.00000139 0.00000268
(12) 6 1 (L2)E)L0)(7) 0.00000123 0.00000390
9 7 1 ©)07) 0.00000188 0.00000577
(10) 0
(7 8 1 ) 0.0000000471 0.00000582
Q> (f) @) (i)
I z exp {3.308 XZ, (t1 )} =exp(3.308 x 5.0)+exp(3.308 x 2.9)+exp(3.308 x 4.9)+exp(3.308x 3.2)
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@) (11) (6) (12)

+exp(3.308x 3.1)+exp(3.308 x 3.9)+exp(3.308 x 2.8)+exp(3.308 x 3.4)
©) (10) ()
+exp(3.308x 2.5)+exp(3.308x 2.2)+exp(3.308 x 33)
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