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Abstract

In medical studies, Cox proportional hazards model (Cox, 1972) is the most
commonly used method to analyze the survivor function of patients when the
right-censored survival data are accompany with covariates which are associated with
patients’ physiology and conditions. However, the proportional hazards assumption
is usually violated in practice. Therefore, the Aalen’s additive model (Aalen, 1989)
is an alternative choice under consideration. In this model, the covariates act in an
additive manner on an unknown baseline hazard rate. The unknown risk coefficients
in the model are allowed to be functions of time so that the effect of a covariate may
vary over time. However, the two models generally perform differently under
different circumstances, so that neither the Cox model nor the Aalen model is superior
in all cases. How to select between them has not been explored in the literature.
Therefore, we proposed a data-driven method for making a selection based on a
concept of generalized degrees of freedom, resulting in an approximately unbiased
estimator of the Kullback-Leibler loss via a data perturbation technique. The
effectiveness of the proposed method is justified by a simulation study and also is

applied to two real data sets.

Keywords:Adaptive model selection, Data perturbation, Kullback-Leibler loss,
Generalized degree of freedom, Cox proportional hazards model, Aalen additive

model
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F— ~Cox " bR R HCA AT IO KLAF % % - T4

ERHA  Cox v bk AL =35

KL loss GDF
B R HFE R
Cox Aalen Cox Aalen
65.094 88.517 0.060 0.135
0.1 0.905
(0.101) (0.619) (8.538x 10™*) (7.178x 1073)
65.140 88.127 0.044 0.091
0.3 0.923
(0.101) (0.610) (4.110x 107%) (2.877x 1073)
65.131 89.240 0.049 0.091
0.5 0.922
(0.096) (0.618) (4.110x 107%) (2.340x 1073)
65.195 88.542 0.053 0.103
0.7 0.912
(0.097) (0.611) (3.794x 107%) (2.214x 1073)
65.420 89.867 0.055 0.104
0.9 0.915
(0.101) (0.633) (3.794x 10™%) (2.119x 1073)

AR R R BT 0 02 Cox Mt bR MR B4 = e 1000 Sk £ 4F ek AR R 0 ffieig Cox vt

Bl h % B3] 2 Aalen 4c & #7] KL loss 2 GDF thT ¥a > 3255 ¢ chficd L 28 % o
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# = ~Aalen fe AT B KLIEL 2- 4

B9 #7] - Aalen 4c & B

KL loss GDF
BH R M FE R
Cox Aalen Cox Aalen
74.439 73.720 0.022 0.051
0.1 0.872
(0.173) (0.261) (1.012x 1073)  (5.945% 1073)
74.439 73.826 0.023 0.050
0.3 0.881
(0.171) (0.264) (6.641x 107%) (1.929x 1073)
74.604 73.990 0.034 0.055
0.5 0.876
(0.169) (0.277) (5.059% 10~%) (1.359x 1073)
74.369 73.957 0.044 0.066
0.7 0.867
(0.175) (0.273) (4.427x 107%) (1.328x 1073)
74.373 73.740 0.053 0.073
0.9 0.867
(0.168) (0.267) (4.743x 10™%) (1.233x 1073)

Lt nH gt © BT > 2 Aalen 4o 2 0T fE4 & 601000 = €A AR o Bfieif CoX Mt B

b % 23] 2 Aalen e % 4574 KL loss 2 GDF thT 32> J£35 ¢ chlics 5 R £ o
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Yol

7

F A Cox bk *& RIS = 3.5

KL loss GDF
¥ M FE R
Cox Aalen Cox Aalen
A=0.3 65.131 89.240 0.049 0.091
0.922
0=12 (0.095) (0.618)  (4.111 x 107%) (2.34 x 1073)
A=0.3 65.158 87.622 0.040 0.079
0.927
6 =0.7 (0.096) (0.577)  (3.130 x 107%) (2.023 x 1073)
A=0.3 66.950 92.365 0.058 0.108
0.924
6=20 (0.101) (0.660)  (3.415x 1073) (2.561 x 1073)
A=0.8 64.303 94.686 0.062 0.111
0.989
0=1.2 (0.083) (0.614)  (4.743 x 107%) (2.593 x 1073)
A=0.2 65.588 84.683 0.041 0.078
0.850
0=12 (0.103) (0.593)  (3.478 x 107%) (2.276 x 1073)
A=0.8 67.364 72.822 0.027 0.056
0.992
6=20 (0.090) (0.664)  (5.376 x 10™%)  (2.498 x 1073)
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Zow ~Aalen sr X HEA 7 b Sl s T aRAER

KL loss GDF
IS R R
Cox Aalen Cox Aalen
Bo = 0.1 74.604 73.990 0.034 0.055
0.876
B1 =15 (0.172) (0.261) (1.011 x 1073)  (1.359x 1073)
Bo =12 61.927 61.822 0.058 0.068
0.740
By =15 (0.099) (0.113) (5.05x 107%)  (6.957 x 107%)
Bo =0.3 71.021 70.689 0.040 0.060
0.853
B =1.5 (0.148) (0.217) (4.743 x 107%)  (1.201 x 1073)
Bo = 0.1 84.606 82.986 0.024 0.046
0.921
B =028 (0.258) (0.328) (6.324 x 10™%)  (1.391 x 1073)
Bo = 0.1 69.699 69.489 0.041 0.015
0.838
B =23 (0.135) (0.248) (4.743 x 107%)  (1.296 x 1073)
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R Y ISR A e E L

PBC 7 # # 12 & i %% &= % (serum bilirubin) /£ % £ % 2 #7384

2 iE 53 KL 4 4 GDF B ER
Cox vt | b " B3 262.2715 0.02408578 v
Aalen 4v = #5°% 266.1248 0.01453703

hA o AR E TREE RS

TRACE 7 #L & 4 i Fo (diabetes) 17 & + % #ic2 Ho7):8 2

% ) KL 3 % GDF BfoEH
Cox vt b b *& $-2) 257.5052 0.01387769
Aalen 4c & #3 257.3500 0.01425455 v
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Diabetes

Cumulative coefficients
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M- ~ TRACE FAL¢ fieif § & 4 & %42 Aalen 3] 43+ % 95%: 47

% B BA;
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