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Abstract In this work, we consider a semi-parametric additive hazards regression model for right-
censored data with censoring indicators missing at random. By employing the information of the
response and censoring probability models, we propose three estimators of the regression coefficient
and the baseline cumulative hazard function. We prove that the proposed estimators are consistent
and asymptotically normal. Simulation studies are conducted to evaluate the numerical performance
of the proposed estimators in comparison with the existing estimators. A real data set is analyzed to
validate the effectiveness of the proposed methods.
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Table 1 Parametric model settings

Bk #
1 5 3% 20% 40%
o Y o Y
Z ~ Uniform(0,2)
20% [1.50, -0.71]" [1.00,0.48]" [0.50, -0.38]" [1.00,0.48]"
40% [0.50, 0.70]" [1.00, -0.56]" [0.50, -0.30]" [1.00, -0.56]"
Z ~ Bernoulli (0.5)
20% [1.00,0.15]" [2.00, 0.68]" [0.50, -0.25]" [2.00, 0.68]"
40% [0.50, 0.90]" [2.00, -0.49]" [0.50, -0.16]" [2.00, -0.49]"
%2 Z ~Uniform(0,2) B R HIEE R
Table 2 Simulation results when Z ~ Uniform(0,2)
T % i it 20% 40%
BIAS SSE ESE CP BIAS SSE ESE CP
n =100
20% ‘Z;] 0.0152 0.3252 0.3489 0.9620 0.0250 0.3740 0.488 0 0.9770
[;2 0.008 6 0.304 8 0.2992 0.946 0 0.0219 0.3177 0.3023 0.9350
[;% 0.0125 0.2863 0.2924 0.9520 0.0219 0.2899 0.2989 0.9480
[;]ﬁs] 0.0533 0.3134 0.3817 0.9830 0.0533 0.3650 0.4388 0.9790
[}2'51 0.0609 0.3057 0.3817 0.9870 0.007 1 0.3126 0.4388 0.9830
é%ﬁ()] 0.148 1 0.289 8 0.3751 0.9880 -0.0650 0.276 6 0.3747 0.9770
40% [Ag] 0.044 0 0.3833 0.4456 0.9750 0.0351 0.4416 0.6184 0.9870
‘éz 0.040 6 0.3673 0.3419 0.9380 0.0263 0.3835 0.3609 0.9790
'éz 0.0399 0.3405 0.3403 0.9500 0.024 8 0.3191 0.3587 0.9670
Zgi-ﬂ 0.0536 0.3830 0.4659 0.9820 0. 060 6 0.438 6 0.5196 0.9730
[;é-ﬂ 0.0319 0.3638 0.4659 0.9870 0.000 3 0.3706 0.5196 0.984 0
[33:0] 0.0229 0.3512 0.4383 0.984 0 0.062 1 0.3294 0.4351 0.9750
n =200
20% ‘Z;] 0.007 7 0.228 3 0.2418 0.9500 0.004 5 0.2536 0.3355 0.988 0
[;2 0.004 2 0.2160 0.2118 0.9400 0.003 7 0.2191 0.214 1 0.9420
[;% 0.0050 0.2000 0.206 8 0.9530 0.0039 0.1983 0.2115 0.964 0
[;]ﬁs] 0.0302 0.2172 0.2612 0.9830 0.029 2 0.2415 0.294 1 0.9800
[}2'51 0.0347 0.2137 0.2612 0.9830 -0.0117 0.2132 0.294 1 0.9870
é%ﬁv] 0.1314 0.2052 0.2592 0.9780 -0.069 3 0.1888 0.2596 0.9790
40% [Ag] 0.009 0 0.2547 0.3124 0.9770 0.0142 0.2937 0.4242 0.9880
‘éz 0.008 3 0.2422 0.2417 0.9430 0.0152 0.2549 0.2537 0.9530
'éz 0.006 8 0.2236 0.2405 0.964 0 0.0118 0.214 1 0.2511 0.9720
[g],SJ 0.0167 0.2548 0.3151 0.9800 0.0356 0.286 4 0.347 8 0.9810
[;é-ﬂ 0.000 6 0.2409 0.3151 0.986 0 -0.004 8 0.2494 0.3478 0.9880
[33:0] -0.0058 0.2305 0.3006 0.984 0 -0.0587 0.2220 0.302 4 0.9830

VE: By ARSCHORBER IR B SCIRC12 D0 6 SMBLA 3T By - A SCHOBE T MURA 35 B5°) « SCHRL 12 )™ WAAS 5 B, -

ARSI K TR A 5 BEOT : SCIR L 13 ] M4 R 5 BIAS (5 22 5 SSE « B A 5 1 22 5 ESE A 14718 22 5 CP 2 3 T E 45 4 8119 95% 1)
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Table 3 Simulation results when Z ~ Bernoulli( 0. 5)
T 2% % flitt 20% 40%
BIAS SSE ESE Cp BIAS SSE ESE CP
n =100
20% ‘é] 0.0203 0.2707 0.2806 0.9580 0.016 0 0.3111 0.360 6 0.966 0
éz 0.0193 0.2589 0.2432 0.9260 0.0182 0.2612 0.249 8 0.9430
[}3 0.0189 0.2505 0.2408 0.9340 0.0205 0.2467 0.2472 0.9510
[A;]f»ﬂ 0.0228 0.260 8 0.2914 0.9710 0.026 8 0.2758 0.3145 0.9830
Ags] 0.0218 0.260 2 0.2914 0.969 0 0.0147 0.260 2 0.3145 0.9870
[3%"” 0.0306 0.2476 0.2870 0.9810 -0.0848 0.2306 0.288 8 0.9580
40% '2;] 0.0361 0.3024 0.3414 0.9700 0.0350 0.3535 0.4588 0.9770
'[;2 0.0340 0.286 8 0.2750 0.946 0 0.026 1 0.304 4 0.2893 0.9330
[33 0.0319 0.269 1 0.2736 0.9620 0.0252 0.2598 0.2870 0.9730
Z;I[S] 0.0389 0.2935 0.3367 0.9830 0.040 4 0.3279 0.3625 0.978 0
‘[Agg»ﬂ 0.0311 0.2861 0.3367 0.9840 0.0169 0.301 6 0.3625 0.9830
ég(?] 0.0136 0.274 8 0.3271 0.9830 -0.0728 0.264 8 0.3279 0.969 0
n =200
20% ‘é] 0. 005 7 0.1905 0.197 4 0.9550 0. 009 6 0.2167 0.2505 0.9700
'éz 0.004 0 0.1800 0.173 6 0.9430 0.004 0 0.1825 0.1775 0.948 0
[}3 0.005 2 0.174 6 0.1721 0.948 0 0. 006 0 0.1722 0.1752 0.9570
[A;]f»ﬂ 0. 006 6 0.1819 0.203 2 0.9710 0.0135 0.1897 0.217 1 0.9720
Ags] 0.0059 0.1807 0.2032 0.9740 0.0015 0.1828 0.2171 0.9820
[3%"” 0.0183 0.174 4 0.2025 0.9770 -0.0914 0.1612 0.2011 0.9520
40% '2;] 0.002 3 0.2109 0.2371 0.9720 0.004 9 0.246 0 0.3142 0.9810
'[;2 0.003 8 0.1990 0.1926 0.9540 0. 0009 0.2137 0.203 6 0.9370
[33 0.004 7 0.1869 0.1918 0.9470 0.002 8 0.1828 0.2020 0.966 0
Z;I[S] 0.0032 0.203 4 0.2308 0.9720 0.0113 0.2256 0.2469 0.969 0
‘[Agg»ﬂ -0.0024 0.200 6 0.2308 0.976 0 -0.0049 0.2138 0.2469 0.9790
ég(?] -0.0171 0.193 4 0.2258 0.9770 -0.0899 0.1851 0.2273 0.9620
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Table 4 Aanalysis of breast cancer data

PR 8 x 10° ESE x 10* P-value
1PW 0.1294 0.599 5 0.0309
FW 0.126 8 0.5814 0.0292
™M 0.1234 0.5724 0.0312
Songl 0.1402 0. 699 2 0.0449
Song2 0.138 5 0.699 2 0.047 6
Qiu 0.1329 0.683 5 0.0519
ce 0.1206 0.6333 0.0569
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