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Abstract

The research on the right-censored Cox regression model with constraints is often based on the
partial likelihood function, whereas the likelihood function ignores the unknown baseline hazard
rate function. We devote to solving two problems. One is to obtain the maximum likelihood esti-
mations of regression parameters and cumulative hazard function based on the complete likelih-
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ood function. Another is to transform the optimization problem with restrictions into the unre-
stricted optimization problem. The ADMM algorithm can introduce constraints into the objective
function so as to transform the conditional optimization problem into an unconditional optimiza-
tion problem. The MM algorithm has the advantage of separating parameters in solving optimiza-
tion problems. Therefore, we first use the ADMM algorithm to transform the optimization prob-
lem with restrictions into an unconditional optimization problem. Then we apply the MM algo-
rithm to maximize the new objective function in order to separate the parameters and the
non-parameters, which is helpful to solve the problems of estimating the regression parameters
and nonparametric cumulative hazard function. Meanwhile, the use of inequality which can
transform the high-dimensional function into a sum of one-dimensional functions avoids the
difficulty of matrix inversion.

Keywords

Proportional Hazard Model, Complete Likelihood Function, Constraint Conditions, MM Algorithm,
ADMM Algorithm

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/
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Cox [HJIEAY [ 1972 4E4% Cox [1]E kIRHG, W T8 A L R Ee i, DL E R R:
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Cox [RIEAREAY /M T = 2H IR 288040 . LA SR . B BERE M BR A0 5 R MR I REAE AL i « VAR i
L[BIUFSE T Cox [ElJABERY ] F -T2 47 72 il rT SEME DG T 85 R 35 1) Bh A AR A ARAE . ShB BRI ] SC[4] 25 T
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P BhSR BRI HOIEAT 3 AT, T 2 T R HE RS 2 R B A E S B T 1, X B R —E A A B, R,
KK EET Cox BRI SE AR R EL, 0 BLA BRI I B S HOAT I ALl Tt

B, ARSCHIAME p 2 — R T ARG TS A AR R BT, 225 R 38 IR ) S A XA T HE B 5 . =2
ADMM BEE T — AN IR DI, RIAEA S5 AR Ak 0] B A0 R JE 2 A B AR 1) R, 32 T 3 4
TSR R T B R A R R . e, ADMM B3 Ol 2 N T pk S Rl A 20 o 460
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N TE PR ) 2 A B ARAL ), ZRESR T R BUR AR RS . 1 H, ADMM BECEENS B IER] T3
AT EEME[9].
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3. ADMM + MM &%
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Table 1. The simulations of the unconstrained and constrained Cox model under the profile MM algorithm
= 1. profile MM BZE TR L SR Z MM B LR EZE MR Cox B RIIRINLE

TLIRA A HLRSA
n r Bias S.D. MSE Bias S.D. MSE

B, 0.0315 0.2361 0.0566 0.0254 0.2270 0.0521

B, 0.0869 0.3437 0.1255 0.0446 0.3150 0.1010

o2 A(0.) 0.0101 0.1435 0.0206 0.0050 0.1239 0.0153

A(05) 0.0881 0.5038 0.2611 0.0377 0.4485 0.2022

B, 0.0520 0.2988 0.0918 0.0504 0.2787 0.0801

B, 0.1362 0.4220 0.1963 0.1025 0.3960 0.1670

50 0.50

A(0.) 0.0015 0.1440 0.0207 0.0009 0.1300 0.0169

A(05) 0.0922 0.5647 0.3268 0.0574 0.4833 0.2364

yiA 0.1361 0.4400 0.2117 0.0614 0.3829 0.1501

B, 0.2476 0.6531 0.4870 0.1660 0.5684 0.3499

o A(0.1) 0.0079 0.1413 0.0200 0.0073 0.1361 0.0186

A(0.5) 0.1486 0.8221 0.6966 0.0277 0.4888 0.2392

B, 0.0147 0.1521 0.0233 0.0106 0.1563 0.0245

B, 0.0155 0.2188 0.0480 0.0174 0.2122 0.0453

020 A(0.1) 0.0054 0.0919 0.0085 0.0049 0.0911 0.0083

A(05) 0.0501 0.3311 0.1119 0.0158 0.2719 0.0740

B 0.0417 0.2018 0.0424 0.0296 0.1886 0.0364

B, 0.0828 0.2582 0.0734 0.0715 0.2541 0.0695

100 0.50

A(0.1) 0.0002 0.0969 0.0094 -0.0012 0.0903 0.0081

A(05) 0.0591 0.3438 0.1215 0.0434 0.3289 0.1099

B 0.0535 0.2643 0.0726 0.0285 0.2367 0.0568

B, 0.0874 0.3189 0.1092 0.0553 0.3081 0.0978

o A(0.) ~0.0037 0.0966 0.0093 0.0034 0.0843 0.0071

A(05) 0.0506 0.3670 0.1370 0.0431 0.3499 0.1240

4 1 /23T profile MM SEREAT 500 ARSI T/ RIS AL, A 20306 AF ) Cox B AR KA
NS & T ADMM 5%, BRI L 3.1, A% b A B I 5T 500 MBS 2 i THE 5 FAB
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7= BIAS 13577 1% % MSE K3, DLEASTHERFEAZE S.D.. W& L afLUEH, ToIRFEA A 2% %
LF|Z D, X BIAS BUE AT LLE H, BB L&At B> 0 (RS R H o2 dR2R AT R 25 B ik b
T Bl . T AEZI R 24 T 432[ S.D.AT MSE $0t b TE 20 oR 464 T /0, S i R (8] VA S50 3 7
= EA B T3 H AT SR A . Hk, MM B0ER ADMM + MM S0E7EA B HS 8 B FEES B A J7
TSR R T OR . 3, ik s mr e, [ ke, SRR, BAIE LR BLRE
PR THE 5 EAR 2 18] AR 22 8RB/, RMSE R S.D. B okl /N, RIS R4 R AR AL (1 7 72 T bk
Fefslt. FEREARR, UMgREUN, W TEAr BIAS. RMSE Al S.D.[E thigok /N, X B ARFF & 5ebr
(R
% 2 4T non-profile MM BERIBHULE R, H A L0 Cox BRI AL Al T 45 &

ADMM 5k, BARRIFEN, 3.2, HEHERIE T X 500 YO8 21 ()4l 1+ 5 EAE [ w2 BIAS Al MSE 3R
S, LAR A THEIREAZ S.D.. XFHE 2 diY BIAS $ft, AR EM T M HHE L S LR & T
i HE ST BE, H S.DAI MSE HUE WA /N . X RIRRAAT LR 2 AF K Cox BEALI 522K
BRECERES BT SIS R . RO LAE 1, MM &3/ ADMM + MM Skt e 0S4 g Ak 3
A FTHERIH RGP RIS TR . DL/ R 2R B A A &, #EAR A5 THE S BE 2 IR 22 S
SRR, AU R R LT

Table 2. The simulations of the unconstrained and constrained Cox model under the non-profile MM algorithm
= 2. non-profile MM BZE T AR FHFIB LR ZHHY Cox HEIFIIRINLE R

TR A BLHFM
n r Bias S.D. MSE Bias S.D. MSE

B 0.0422 0.2416 0.0600 0.0395 0.2391 0.0586

B, 0.0844 0.3534 0.1318 0.0801 0.3221 0.1099

o2 A(0.1) 0.0016 0.1446 0.0209 0.0002 0.1384 0.0191

A(05) 0.0652 0.5157 0.2696 0.0451 0.5109 0.2626

B, 0.0870 0.3176 0.1083 0.0414 0.2850 0.0828

B, 0.1525 0.4884 0.2613 0.0824 0.4008 0.1671

50 0.50

A(0.) 0.0054 0.1681 0.0282 —0.0006 0.1395 0.0194

A(0.5) 0.0935 0.5781 0.3423 0.0364 0.4941 0.2450

i3 0.0954 0.5411 0.3013 0.0910 0.3982 0.1665

B, 0.2340 0.9259 0.9104 0.2008 0.6006 0.4003

o0 A(0.) -0.0033 0.1602 0.0256 ~0.0016 0.1488 0.0221

A(0.5) 0.0885 0.6466 0.4251 0.0841 0.6061 0.3736

yiA 0.0166 0.1501 0.0228 0.0120 0.1485 0.0222

B, 0.0306 0.2160 0.0475 0.0111 0.2066 0.0427

100 0.20

A(0.) -0.0015 0.0933 0.0087 ~0.0049 0.0811 0.0066

A(0.5) 0.0173 0.2986 0.0893 0.0026 0.2701 0.0728
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Continued
B, 0.0250 0.1877 0.0358 0.0269 0.1839 0.0345
B, 0.0479 0.2720 0.0761 0.0487 0.2564 0.0680
00 A(O.l) 0.0018 0.0954 0.0091 0.0026 0.0920 0.0085
A(0.5) 0.0206 0.3121 0.0977 0.0047 0.3095 0.0956
. i 0.0473 0.2329 0.0564 0.0346 0.2300 0.0540
B, 0.1094 0.3300 0.1207 0.0744 0.3281 0.1129
o1 A (0.1) 0.0025 0.0944 0.0089 —0.0056 0.0912 0.0083
A(0.5) 0.0515 0.3478 0.1233 0.0211 0.3348 0.1123

2 BATA, TOWRAEAE n BL 50 B2 100, MHIZSE r A 20%, 50%if s 70%, HKAA 214 Cox
(] AR Y ) 5 A AULSR R R, PR IR FE A (Al T AR . R M, AR SRS R e AN B AR A
(n,r)=(50,70%) , HAILLEFUKINR A N HILAT WL, ADMM AR MM BVERZE & I8CR R AT
B2, G RS VRRAT, T LLERE IR AR . s R R BGE A TR, (LR SE R

5. Scilsr4r

2R RS T survival FEFEAL, A B K cancer BESE . ZEUREILICT T 228 Mk E AL
Jee R YR T AL PR R RE I B A R AR G BE [14], AP B FENUARID . AP KRB B AR BT B 5
WBHRMZE). R, M. HEATEEH GCOG #MIE/ . EATEER Karnofsky #IIEr. HEFHHA
CVFE 1) Karnofsky RILVE4r « i3E € I Y AR 10 1= i B DL R sl 6 AN H AR B R [

EAFH, AT EE B 6 AN H A E RS AR 2 Mk R, RIEEAEE X R E
— 4. I, EESLA1R ) Cox [HI A

A(t1X;) =4 (t)exp(X;8)
SR e AR LA R AT S E Al T E 0 45 SR T RN (2% 3 LR A R Bt v 45 3R, A AT R S 50
R PR A -
£>0.

T, XA BRI Z&AF ) Cox BRI TF, rTHA S H ) ADMM + MM (profile F1 non-profile) 52347
USSR BRSBTS T . B T BB KA, #(T F bootstrap 77 ¥E[SSRAFAE A T
{ELFAIbRE 22 70 95% B A IX A] . e 245 2403 3 B BUE T 455 . W3 3 AT LA i, Hifh ADMM + MM
H R T RAERE A B NS SRR — 2, 45 RERROL 6 N H B A E NiFE, e
BETBET R, HHNE| e ~1.02 5, (HAEGLIRENT T 1 95%E S X A 1 X A EE /N, IXERIZG
THE R AIRE . DR, FRAT R A LR A A R (Al R s, sl 1 BN, PR T Al
T BB R B BEAZEA R, EH I, XRWPF ADMM + MM FIERIUFH Y.

Table 3. The estimations by two proposed ADMM + MM algorithms and the confidence intervals based on bootstrap method
2 3. B ADMM + MM BEREITEER LK bootstrap 75 7E R & 5 X [H]

Profile MM 5.3k ADMM + profile MM %3
FRAL S SGE BLIR KA
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Continued
B3 flitH{E bR 95% E {5 X [H] ftivH{E bRt 2 95% {5 X 1]
Gz i F A 0.0148 0.0876 (-0.1569, 0.1865) 0.0148 0.0600 (-0.1029, 0.1325)
Non-profile MM %% ADMM + non-profile MM 5%
TR KA ALK
Ak flivH{E bRtz 95% F {5 X [H] ftivh{E bRz 95% {5 X 1]
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