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(ny =n, =100, T=ddo] gli= 4%)

: log-log survival plot

. 232 : weighted Schoenfeld residualsS ©]-&3F 13
(ny—my =100, ZEATO G A9y T
A+2k3 ¢ log-log survival plot
(= 100, FEAT] i ey T
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Cox B]dY ¥ 28 (Cox s proportional
hazard model)o]2}al% =t Cox S A8 wol= vdgA I8 7HHS =53
Ao gk HE7E Fasirt.

AT E HEd 91F VMRS HESH] e ad =R ddste 7R 8
© 7 log-log survival plot, weighted Schoenfeld residualse ©]&3%F 1

4 BAFE ol FF F A WYOE A FEY MEE o

R

ofo
gl
o
e
w2
(@]
=
(@}
D
=
=
@D
[N

testE 7fskar wlElg A 7ol AH™skA = ul A el wlEd A

Hde HAESIG. ®A 2z ke deir A4 SAFE ol &3 WS vasksl
0. Treddol gle d of sldearh AlRtel met G257t sk AR 1lA =

A == oo crossing hazard function, Cox HldYEEE, vd89d 714
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2 QPHOR FaG AWML AZS AT A3 QAP A
gel ol g gtk o8 o} ¢, 4@wA ATtk AIDSSE 2ol 4B 9@L
Fe AR gAdE F2 a49 AEARE BF A5 BAE P, 0%
- A9l Azkel dis ATE W A
AT G e ke WEFES
Mas At AEdEe e Fr Wsrse G3E dolund s 497 e

olAH o W adE Wiy AT AEEA AR A 4R Cox B
&

A 938 714 (proportional hazard assumption)o] A Hsl=X]o] st AEY} Ia
st o] 7HgE Wil WRoR agZE ddets W, A4 FAFES ol &%
W ol AAE] k. ZYZE o] &t HHA f3 HEE ddets o R
= Cox BgoAe AEAY 2 a5 i3k Kaplan-Meier FA kol theh 2=,
4998 e (cunulative hazard function)$} AlZbel thdk ZIZ | cumulative
baseline hazardoll ™3 1@ (Andersen, 1982), cumulative baseline hazard®} Al
v ek 2@ (Muenz, 1983), E1 ¥ I Id4(log cumulative hazard
function)®] =po]e} A|7toll st 123 (Schumacher, 1984), log-log survival plot,
Schoenfeld residuals(Schoenfeld, 1982)3} AJztell tigh 1efz7} Qlvk. AA A
< ol&3et HHA AFE 7HES wdsteE WS ARE &Y BT E o] &9 WY
(Cox, 1972), weighted Schoenfeld residuals2 ©]&3F HWH (Grambsch and Therneau,
1994), Schoenfeld residuals® AEAIZFE] =9-AE ol&dto] 7S HAES =

WA (Harrell, 1986), score processE ©]-83%F W (Therneau, 1990) &°] Ao, Tt



d vlEd 918 7H-ol dHEkA &S A9, o wAE Ay Y5k two-step I
AE3 (Anderson and Senthilselvan, 1982), Box-Cox #3S o]g&3F HH(Liu,

2007), two-stage 7} (Qiu and Sheng, 2008), =1 A& %=(log hazard

ratio)? smooth estimate®} WAFA|HS FAst] HL3= HHH (Muggeo, 2010) %
o]l gist FPE AR 4SS T WY oYl tst HawHow AU X3

=
waL gl

AT E HEd 918 HES AES] S8 adEze ddste W
log-log survival plot, weighted Schoenfeld residualsS ©]&3F 18} HAA =
AFS o] &gk Wl A &Y WFE o] &3k W Schoenfeld testE A73)aL
HlEAd 19 7ol A ™A = ul ZEA AdRel A el AR 7R ffntel g

ol W Ee At AEE dolriA .

1.2 97 & ¢ 94

o] =F-o A= log-log survival plot, weighted Schoenfeld residuals plot, A7t
olFd W4E o83 WY, Schoenfeld testE o83}t AAS v 7}x]9] #HHS
ol-gste] HlHAY P 7HES BUEsH] 98 RAAAS AldEn. HEA Ad 78
of AYstA = A4Sy B8, TEAY H&S WIA7IHA g EE ddets

vk ol Jog-log survival plot¥} weighted Schoenfeld residualss ©] 83 I ==&

3 AgdHoz vEAd Y8 JHAS Fdsta HAH SAHS o] &3 Wl AT 9
&3 WH4E o] g3k HA T Schoenfeld testE EalA & RYAE 3l ths) F



1.3 =&9 74

Al A A wid R H-3 A Wl B HE AAEH. 23 A = Cox H
dedmgoel g /i vEd d VM AEske Wl 7k W er agEE
o] &3k HEWH log-log survival plot, weighted Schoenfeld residuals ©]&-3t
et HA SAFS o8 W AR &Y WHFE o8¢ W, Schoenfeld
testE AUfgth. 3%olM = EOAFS 913 ASAZEY AW HEA vEAd 918 Tt

ol AHetA Fe g A, RolAF AAMRS alskal 4Fd = 278l &

O

M ol A e A9 wodd Ang ANGT Brd. BA Y sg AR
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2.1 Cox H|FYEEH(Cox’ s proportional hazard model)

Cox &L Cox(1972)7} A|¢tst

mgow o W] S Tl Loprr] 9

3 AEAIZ ] thel] ot BEXE 7S] o 93 d4=(hazard function)E 7|

N
AV E

Pt< T<t+At|T>t,X=12z)

ARty Y& d(hazard function) ™ tA| F7A] ABES Al £

e SHAEER ok A (2.1.D)Y Zo] i,

h(tlz) = lim
At—0

o714, 175 ABEA T (survival time)o]td. 77}

=3F4=(Survival function)® oh23 e 3

(2.1.2)

t - -
2918 g4 (cumulative hazard function)Z H(t):/ h(u)du 2FaL 3 o, ST
0

S 2 (2.1.3)3% 2ol mdF F 9l

(1) = exp[ /Oth(u)du

=exp|— H(t)]

(2.1.3)
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h(tlz)=hy(t exp(zb]x]) ho (t)exp (b'z) (2.1.4)

j=1

A71A, b= (b, ..., b)) =

9 p

ol

W z=(2y,...,2,) 1 o
$h(baseline hazard function)o|th. 7A@ BE FWZFY Ftol 09 s
HRE W, ARl A Y AReE EEk.

Cox EAA 3lrte] FWMeF(covariate) z,; & AZal BA, 2,2 F 7] HFE

2 5B AT 2,9 AFE bolB & w23 2,9 @S] M

o
B

Folal h(t)= 7149

h(t|x1222) _ eXp(blzl)
h(ﬂxl:fzz) N GXD(ble) (2.1.5)

2 Zds £ Qo A9 =(hazard ratio)#tal 3l o] AT == 714 Y

A n(t) 9} T3t Aol #AIGle] dASEZ Cox S Cox HHAEEY
(Cox’ s proportional hazard model)o]8tal% 3o},
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" - Schoenfeld

AAgFet AETF] A= A (2.1.3)S T3 olv] AFg vk e olE
3l vElRId RGN AETT= A (2.3.1. D3 2ol A = U
Sltlz]= 8, ()= (2.2.1.1)
2 (2.2.1. DA 5+ o 2ades Algstd vhgah Zopxin,
log[—1log(S[tlz])] = log [exp(b'z)(—log 5)(t))] (2.2.1.2)

= b'z+log[— log (S (1)]

W) MFEe b F I shbe] FURE Azeln, o ook a7 2,9 3

[¢]

AATFE bolghal stal 2,8 F WFE 2z, 20k FATE W, 2, 2,9 log[—log(S(1)]

log[—1og(S, (t))]= bz, +1log[—log(S(t))] (2.2.1.3)

log[— 10g(8, (£))] = b2, + log | — log(S, ()]

o=

=

& g e F Rl tEh log[—log(s(t)] L= AJZhel Zd¥glol

il
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ol
)

bz —z)WFel el BYPsiA dAv. = HlEld  9F 7HHel A

log[—log(s(t)] =41 M= G spArt, o] 7pAo] AyshA edevhd 4L

o
o2

ot
-

2.2.2 Schoenfeld residualsZ ©| &3 plot

AMEAE o FHEF w2 Schoenfeld residualsE o] &3k 18X 2 Schoenfeld
(1982)7} A|etslal Grambsch 9} Therneau(1994)7F X243 th. %719 Schoenfeld

residuals<> Z}zbe] JRA|ok gkl diste] Atsiad=d AEAZT 5 7= i

A WAL A T 3 Schoenfeld residualss Th&¥ 2o},

3 :z:ﬂexp(l;'a:l)
1€ Rt
R, =6 |z, 20 G=1,2ps i=1,2m (2.2.2.1)
exp(b'z;)
1€ R(tg)

1<

A7NM R(t))E AEAZE o142 98 eH(risk set)o]a b be] Ao ALE F
A2 (maximum partial likelihood estimator)®]t}.

o]%  Grambsch®}  Therneau(1994)7}  A|¢ksF  Schoenfeld  residuals&
R= (R, -, R, F4¥ T&4PL 95 7IsA= Fossitt. ©]E weighted

Schoenfeld residualse|&tal 3t R= (R, ..., R,;) 2 T2 d4S V(R)Z 3o}
) i i i

W ool 2 (2.2.2.2)9F o] AT 4 U

R =[V(R)] 'R, (2.2.2.2)



Grambsch®} Therneau(1994)+ [V(R,;)]fl:rf/(ﬁ)i TAAH = A7 e AR
A ol Vb)E be FEAF e FAFolth, o] ZALE E3] weighted

Schoenfeld residuals<

R =r V(3R (2.2.2.3)

2 ZAAZA 4= ). weighted Schoenfeld residualsS HlElA 98 71HS HES
=l unweighted residuals®th B Wo] AREHTE, o] b= YA A o2 At
sto] HgAdd v ojugl AFES JERE v EHAd 918 7Fdol Rk ATt @

%+ qlv.

et

2.2.3 A7k o&Y HSFE o] &3 WY

2,184 2 (2.1.5)F &3 a7fsklRe] Cox Eg2 7 /Al el d=s Al
ool HHAE TPEeA W ofw| g @by Azt et @EbAw vl
A 7HEE AR @ " o] As olgste]l FME AR AT A ES

el Frkstel wEAEFe HAASR U fAH A4S Bal vy A 7

SR xol o vEA A THEES HESH] AS, o3 AlRbe] we g W

FA o ()5 AEsH 2 ()= a3 2ol xdTH.

x,(t)=x,xg(t) (2.2.3.1)

o] W, g(t)= ANzt toll gk ok, b= z,(¢)Q] FAAFEL ] 2, (1)E 2E



off F7}sld Azt toll Al 919 E (hazard rate)2

h(tlzy)= ho(t)exp[byz, +by(z, X g(t))] (2.2.3.2)

7} Ak, FAF ol dal T A S AFDES 47 wltle,), htlz)ea &

w, 7 Al v= obef 4 (2.3.3.2)9F .

h(t \xl)
h(t \x?)

:eXp{bl[zl—m?]—i—bgt[xl—xﬂ} (2.2.3.3)

wheF ATAA Hy by =00 U@ fo4 Aol AT Al A)sE vy 91

Aol 4ysA g,

2.3.4 Schoenfeld test

Schoenfeld(1980)7F #otst wl&HAd & 7FAol e HAWHLS  Schoenfeld
residuals™ A7+ t9}9] FAE HE o= ol= AS =W, IxE EEHHS
2 Fi S ARAE Aldehe A3 2k, Schoenfled test™ AP 3] AR 7]
S 57 wFel] & A gholl Wghsict.

il

1



v)8F HE E 4 (scale parameter, A)9 AAL g3 £o
3E 1. 9ols ExA FEHRG, HERS AAUY
&% Group e 2 () A% 75())
A 1.5 1.0
31
B 3.0 1.0

eiA A b e

3}2 piecewise exponential survival

functions &3 ARE

st om el A% A4S £ 29 ZH
* 2. A9 AN
A&t Group h(t)
s A hy(t)=0.17{t < 0.5}+2.57{0.75 <t < 1.0}+27{1.0 < t}
e B hy(t)=0.17{t < 0.5}+2.57{0.5 <t < 0.75}+27{1.0 < t}
s A hy(t)=0.17{t < 0.5}+2.57{1.55 <t < 1.8}+27{1.8 < ¢}
v B hy(t)=0.11{t < 0.5}+2.57{0.5<t < 0.75}+27{1.8 <t}
A hy(t)=1I{t<0.5}+0.57{0.5 <t}
$2H
B hy(t)=I{t <0.5}+27{0.5<t}
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1=

&) (7943 a=0.05)

3. 71 21,0000 9] Eejddol A wlEd A e 9

¥ ¥E 4 Censoring(%)

Schoenfeld test

sk
0 83.20 61.90
n, =n, =30 30 70.60 53.30
60 28.60 19.00
0 100.00 99.90
n, =n, =100 30 99.90 99.10
60 92.80 88.40
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Schoenfeld test

S
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Schoenfeld test
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ABSTRACT

A study on assessing the proportional hazard assumption
in the Cox model

Bae, Soo Hee
Dept. of Biostatistics and Computing
The Graduate School

Yonsei University

The Cox model has become the most used procedure for comparing two or more
groups of times-to—event in adjusting explanatory variables or modeling the
relationship of covariates to a survival. Because the effect of covariates is
constant over time, the model is called a proportional hazards model. In the
analysis of survival data using the Cox proportional hazard(PH) model, it is
important to verify that the explanatory wvariables analysed satisfy the
proportional hazard assumption of the model.

This study presented the results of a simulation study that used two
graphical methods, log-log survival plot and plot of the weighted Schoenfeld
residuals, and two test statistics, time-dependent covariate test and
Schoenfeld test to check the proportional hazard assumption in the fore
situations of departures from the this assumption.

First, we compared the two test statistics in each situation. Note that with
a monotone increasing hazard functions without censoring as in the first
situation, the time-dependent covariate test and Schoenfeld test had good power

for detection of non-proportionality but both tests had litter power in the
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rest of the situations when two hazard functions cross each other at specific
time points. In all situations, as expected, the power of all the test
statistics decreased with an increase of censoring rate, and power increased
with increases in sample size. When comparing test statistics in this
simulation study, time-dependent covariate test has better power than the
Schoenfeld test. However the log-log survival plot and the plot of weighted
Schoenfeld residual show the evidence of a violation of proportionality in

every situation in this study.

Key word : crossing hazard function, Cox’ s proportional hazard model, proportional

hazard assumption
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