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At Z)y=A(Dexpl 7" Z(D] . (1.2)
714, Ao( - )E 71498 ¥ (baseline hazard function)°}iL Z(-)Ee px1¥g FHFoiy
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Cox(1972)7F e o]% =8 (120A 7148 vAAF=Ye) e3de HE] AstA
we AAYSo] As]o] gtk 1 FolA nEALIAN NxY AAPESE FHeR R I
A ANtz T Wei(1984)E 28 (12)9A p=1°lx Z(®)7t 03 19 a&A Hae 59
Aso) et vAYA IR SIS AR A% AAEE ALk A EEM, ¥
a5 9AEFs HAABRAG HFeteA ohdxd dE HAUE ALeATh Themeau,
Grambsch and Fleming(1990)&  Wei(1984)e]  AA¥& px1Wy  AGedsdF
(time-invariant covariate)g zZte ¥8oz &aath. 22y}, Therneau et al.(1990)8] A3
Me TUIAS Alole] EPAL 2T7sa Uy dFe] AR 2 870 WVFRHA @S
A oo ®gAF) 717+ o] AT} Lin, Wei and Ying(1993)& Therneau et al.(1990)°] A HA
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TAF) BXE AEHINE BN AN E e Aoratg s o Wz Adojr AHA
BAF FARERL TAFSY FEY T2 VAo H2Hoz BYse Bk E3
Lin et al(1993)& 29 Wio 2 wHd@ 4o eBlg4S Ao

€ =EoME MRS LDAN p=10ln ojAFURL = oS 2L gag
28g adsict
A7NA, Be AARFH Ze & AM 2F 19 489 lojm a5 29 %3138 02 ol
FWFoIh o] By AFeHAPHRE AAer) st Was sy HEJAES 2"AA
£748t3, 3ol A st AL} )2 PP At o] AREAFE HH P ey
ol st HWAY Wei(1984)9) HF=AAYE Lin and Ying(1994)9) MR Yo #x
¢ gHoth. £, Add AAEADY F24AL fEagy 4444 = 7F2] A A=} g
gt 1 ARE EE3Y.

2. 71%3.¢} 714

oS3 2ol J1EE sz}
Xy=min(7T; Cy (i=1,2 j=1,..,n),
4;=KT3<Cy (i=1,2% j=1,..,n),
Zy=1, G=1,...,m) Zy=0, (i=1,...,ny).
A71M, I :)& o9 JAF Ad sty

2 A9SHe AE Y+ (indicator function)oln T = A4 < (absolutely continuous)¥ ¥
TE e AENTOIY Cie T0 dgss F=A Y3 censoring time)eltk. T8 C i
T AEZ SYogn 18R tie] § Jkx) ERFSS Holata)

N,','(t)=1(X,','St, A,;=l), Y,,(t)=I(X,,2t) (l=1,2, j=l,...,n~),

N(O=E N, Vid=F vin (=12,
2ABR, N ((=1,2% 2% N AT g Ana MAA-E  ou)stn

Y{) (i=1,2)& 2% oM Nz 12 T4 ojFol MEHL e MAFE ou)d
o 3E, ¥ (1.3)394 Al %74 (counting process) Ny (i=1,2 i=1,....n)9 2%
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#4(intensity function)=
Yi(0dA{D=Y ;D dAy(D)+ByZ ;dt]

2 FojA. 47N, AL-) (1=1,2) 2F i d&sts FHYE T (cumulative hazard

function)eliz Ay * )= fo 'Ao(u)a’u olt}, %, Doob-Meyere] & 3(decomposition)ell ¢]st

AN (e

MD=N;(D= [Y (dALw) @1

2 fdstA E8E 5 Utk A7, M() = AFHE M5 (square integrable) nhe AL o]
t} (Andersen and Gill(1982)).

3. Ad=AATATH H242

28 (139X FE FAH3r] 9959 Lin and Ying(1994)e d&x ZL FAYS
(estimating function)& #|<etstsict.
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A714, ZW=Y,()/[ Vi(D+Ye()] otk @W, Zy=10G=1,..,m)olx Zu=0
(i=1,....,m)0l7l WZe] B the3 o] 7eks| EAY + Atk
- I <€) N S A O
WA= 2 | T+ v M- 2, [Tt v Maw 62

G22REH E UL D] =0 9 & & 3o o ARRy AuA@siadel B3 o
(B2E 2§ 194 B ARss ZldsE Agee A2 S48 5 Aok geba, v Y
28 stolA ALY Wei(1984)9) A=A EH 28 BHNM swpocne (UB D12 74291
ARyl JYEAREAZLE 12T + A

Bg U(Bo)=09 etz 3t Ade 203 2 (13) 7HstlN fe fo] X33
Folml n'?( B—p)e W2Ho2 AFETE 429 (Lin and Ying(1994). $4, C.DZHE
nhe A Y A 8

By(0=N; 0= [ Vil dA( B+ BZid]  (i=1,2 j=1,...,n)

2 Aozt d7NA, A ( B, DE AyHe AxFAFoln
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~ _ (" dN\(@) +dN, (w) — BY (w)du
M(B.o= [ v

2 Fo]A} (Lin and Ying(1994)). o)A, (32)& o] &3t @& 33 (observed process)e ©H&
o o] A9 3tat,
Yz(u)

B Y=n " | 3[Ry d ()
-3 [ Yl(u))/‘i’g(u) sz,-(u)}. 33)
9, 33)9] LIS FENY st WA 2ASL e o
238 1) n/n— 00, (i=1,2), n=n,+n,.
22 (2 28 (13 HHNN suppcne |YL{D/ =90 L 0 (i=1,2)8 @Za= @
T »(-)e(0,) ((=1,2)7F A%
olel RE Rele) FPSL BF Adl £EAUT.

Ae 31 =23 )F @QF wEHm AASY, 2Y (13) sHslN S8y
nT2UCR, 0% n 2 DB, DE HEAog S0 o)A,

-1/2 ; T N poy(w)
n "R UBH=n {,é:lfo plyl(u)+pzyz(u)[ Hu<t-

= f“’ £131(2)
15 o () +o.3:(2)

0 aM )

(o0

[ I(uSt)—-—”(”%.%] sz,(u)} (3.4)

t o1y (1) pay (1)
0 plyl(u)+pzyz(u)d oI

oli yH=

A8 32 23 DF QF wEdcn Adsiyd, 28 13 s 20, )= 3
o 00la TR o(s, P (s<)E 7t 7F¢2 7 A (Gaussian process) 2.2 $H T} o 7)A],

ofs, )= &)~ Fely &9~ Ay &) + TIED g(co) 35
o _ (") 03y(w) o}y payy(19) R
= &= [ o131(0) +pya(w)] ° )+ | [ (@) +omy(w] 49 1%
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-1f [ Yy() 2 ‘ Y, () 2
to=n"{[| varviw| Mo+ [ v 24}

gtz sz Ao 329 A% ZAFNN ofs, ) (s<H)S) AANFAF o(s, e

Sl )= __a(a () n(s)ﬂ(t)
G(s. 0= B9 =iy 89— =05 8O+ A £(<0) (36)

2 Fojxn,

A2 3.1-Ae 33c28y gy » UB, )E FFE 00lx A 35 g TEA
< e Mg om Sy w1, 2 FEAY ?:lxlT%!%% 4 36)o2ZHEH 3+
gich, o] BEAAE 722 39 Wei(1984)9 AAQEAZTN 2L Feo AJY=ARZTAFS
&3} ol Aehgit.

S=supo<xoA "Hn 2UCB, D.

AREAF St 28 B3 ¥(model misspecification) AN E X 4o] AXPE Y F gl
t} (Wei(1984), Struthers and Kalbfleisch(1986)). 281}, 4 (35)9 FEAre] ez e <&
F Ql%ol n2N(B, ) H2Hoz =YZEA(independent increments) S Zti IA @
7l e 2 VAR, -)el HIEEE SFAHez Adsvie odTh wARA
nTUCB, - )ol BEE 2AAY 5 Qe WHOE Lin er al(1993)0] AMAE AlEH o) Hn

g o4% F Y. ¢4, 4 @G Y= M) (i=1,2 j=1,...,7)F N {0G;
(1=1,2j=1,..,n)2 gxstcd, 4714 G,;& EEAFEEAFoIY. 285, G4 o

E UHA uxe FEL BF zZzre dxFAFoR g jch ied, AlEdolAnA
(simulated process)S ©&3 #eo] Y F gk

w200 =n " B (s v | XSy | ey

"’ Y, (%)
= lf Yn(u)1+Yz(u)[ Kusp— 7(c0 )] Gz;sz;(u)} (37

Al E g o] A7} A (simulated process) BDANA G; (1=1,2 j=1,..,n)E &EgdF 253
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(X 5,45, ZXi=1,2 j=1,...n)€ TR A2 X797 g&o] @GN At o)A A
2 5YUY $EYUTEY YolPa B F Uk

A8 34 E¥ 13 MM 23 % Q7 wE:Edn sx (X457,
(1=1,2 j=1,..,2)7} FARE o, n 20( B, D)= FF 00]1 4 (359 g TEAE
e Mgangoz £

e 349 Q8 (Xy,45Z;) (1=1,2 j=1,.,n)° FIRE o BRHYAY (33)7
AEHIARA BNE ¥ (13) 7HgstelN 2e 28T S evh mebd, Al g o A3ty
& o183t AREHRFTAT 5ol F2LEE T + A FAHoZ, ABYolitye o
3 Zo] tEHoz YA F Qo

A 1) NEUNEAE BN REATFHEEF G, (1=1,2 j=1,..,n)& WA B}

@A (2 F4A (X5,445,Z) (1=1,2 j=1,....n)9 @A (DA doja G;E& ol %

3t 3NE Tt
@A 3 @A (D3} (28 By

AAH22, ANEHNEAYE ol 43t AREARE ¥ 4 Ax WHe F AAs} ok
[A, 239 Yo #EAY 33)H ANgoldAY 37S 2NYS o o} @A
°f NEHoHAPo2RE Yol HWolud AP RYe] gPstx odctn AEANEY. I
i, olpe aHd PHe HBAQ sFo] AujREEy] W2, gAMo e Fx)3 Wy
& AAT o] WYL FAHE P(S25)¢ P(S29)E TANA Wk 2A1Y F8E0] 7}
Y FAFE oBT oW AN EEYY YL AN GU)N, s= AREAG Se

BEFNT S=suppcueA V20 B, H| otk

4. AA o

AN AMY AFEAAYE F 71A] AR HAEstd 7 2lws) Y ER | A
HHAE 2H4F PHH FXY wiez dHunz} g

HABAZF SO AYA {8 &gk (empirical p-values)SL 1,008 WES EFA AQ
it FEZBel #3d a9 1% 29 200M #2317 (observed process)& AXNO2 FAo
?) 15788} A&l o) 47 (simulated processes)S& Mo 2 FAct

#tE. 12 Fleming et al.(Gill and Schumacher(1987)ollA] Q7Y RO 2 2429 Stage Il &
T Stage IIA9] F4&2E 35 FASoA FBL T3 o]F Wo] A5y AlFsi= Al
ARAAE #5% 2Agolth o] g7 /MR g oz AP g AR At T A
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AZAF S AEA A& 0019914 wetA, FelFF 5% 3tiA g E Yol
Agstx] goie €S WE 4 sled, o] AL a9 1AM RdFe Ad go] uIAA
o] Al EH AR E Hojue o] Sz aHEagE X Jch

Z& 2% Ying, Jung and Wei(1995)olA #Md Aoz 12199 SCLC(small cell lung
cancen) 8252 HEAE 24 Aoty SCLC Ao I PEHQ AN&YWL etoposidest
cisplatine® &%t T3t Folth aey, olA7X = HHe] ger] B ol M=z
oe F 2geMd e Agade AL g8 dA g 12199 §AE Fd A 5999
FRENAE Arm A9l NEWE, U 6299 FAEAE= Arm BY XN8¥H-& s
o]7]1A4, Arm A9 X &EHL etoposide T8 I cisplatine £93l+= Wiolx Arm Bel X8
HL2 cisplatine 598 ¥ etoposide FoJshe Wilolth o] AaeA F XNEHY A@E+7t
ZHEAAA] opdAE HAAEY] st P8 HAABATF SS9 AEH {Ko#EF 01810130k
T 5% Bl A HAZAFY gho] Fostx] gornz of z2EE MR Yol 33
i B g glen a9 2604 RaFe Aa go] dAIFe] AEHNAASE AY o}
A gorz YxE AL WY 4 vk 83, 2L 280 st Wei(1984)9] AAY L of
23t nHAAE B AdS AR £ A fFYEEqel 0008322 v)g FoEez i
Hedrgol A gue &S WE + QU

5 4 &

2 =FdAMe sty oATUFE Ze MY Y AJ=AAHYE F kA wiez
APt AAAHQA Ago] A8 ARE wa FAo 480A L9 2AE 29 AS$AY v
AR YAl ElFax] ¥un BUE o o] A7E vAAPREH TAH WPES ¥
|3 AL AYsHA] Faich AkEd, Cox(1972) o)F dFd yREe E43 wse u
A @& Jlxste] JLE AolnZ o] 710 EFEX] YL Aol B LFE YT
F A7) diolty ayez AT TYdA Bl dide] HE B4E BAHCE 88
ol kA 1A E 2¥o] HAFAE HASE Aol MyHojol Fr) o] =EAME vHAYER
W AF=AAYE /MR oz FYAPoRA EFe E¥E e ¢ e FAHY
hte) Wyle AAsm ok gozE AL AAYEL A-EHE (2) FA wwk ol p-
29 AZHEHF ¥ F(time-invariant covariate) E st durAQ PR oz A B
Zstzal el
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(A7 319 29) B, =WolAN UR, DY U(B,©)e Taylor #4702 Fleming and

Harrington(1991)& o183t » 2U(B, 5 » V2 U(B, Dol AeAog FAYE HY F
v}, AA, Geg FEatat
_ - - _ Yi()Y, (1)
n V2B, D =mn V2 (B, 1) +n VY B—B){n lf—ﬁ;)—ﬁz(—u }
y! t Yl(u)YZ(?))
- - (] Y](u)+Y2 U
=n 1/2U(ﬂ,t)—n IIZU(ﬁ,OO) - o Yl(u)YZ(u)
b ¥ Y, (@)

=0 V2 (B, B —n VB, oo>{—"(% +o,(1}.

%%, Fleming and Harrington(1991)2} Theorem 62122 %-H

- Yo(u) t IRAC) d
UZ{I TG+ Vs M= J o1 () +025,(2) dM‘(u)} 0

du

du

- Y, () ‘ p131(1) _d
I/ZU RCR AT () | PRACETRRC) sz(u)} 0

AL ¢ F U 2B2, 99 AHR2FEH ]
2 V2B, D =n—1/z{f0°" (DA [ I(ust)——’%%%-] aM,(w)

ey (w) "’(Pz)yz( u)
< oy (u
—f" Plyl(u])jrpzyz(u) Husp—= 77(00)] sz(u)}
+0p(1)

oz 2B, DF a2 U(B e AeHoz FXoltk A

(Ag 329 F9¥) WA,

_ e () __xd
H\(t 0= p.yl(ul)wl“pzyz(u) {I(“St) 7(00) }

poyo( 1)

_ B
H(t ) =500 py9aC) [I(uSt) 7(c0) }

2 stk a2, 2 2 08 0% et 2ol E¥E 5 o



n 08, 0= [yt WM, ()~ [ 7B (4 b, (2,

n 2 0(B, - )9  Ele]EA(tightness)& Hi(t, )3t Hy(t, - )e 474 (boundedness)}

Fleming and Harrington (1991)¢] Corollary 3.4.12%E wZgd), =8, 272008, - )e A
2 SYA §EAFEY 30 o Hejolr] o) Linderberg-Fellere] #4334z} g}
EHLZRE 2 (B, ) WEol 0 $2BPo2 SAUT @B, s<rof o) 8t
T2 O(B, )9 TR Y5E GeH 2o] S5 & 9ok
Eln "2 0(8,5) - n V2 U(8, 1))
=n " E{ [ Has, 0y (1, )M >+ [ HiGs, sy (), My )

= Hals w0, (0d My b o= [ e, (s, 0, > (W} A
=n'1E[f Hals, )Hy (4, 10d< My, i3 (a0+ [ Hi(s, ), (1, w)d< My, > ()}
=n VB [ Hy(s, 0Hy (4,0 Y; (A, + b s, w8, (1 0V, (d ().
VN, MO M(De Az S0 MMy ()= [ Y(dA(w) (i=1.2) olch &

_ Poyy(2) 2 _ o1y (2) 2 ‘o =
g, Al(u)_{ plyl(u)ipzyz(u)} ’ Az(u)—{ p:yl(ul)ipzyz(u)} et Tonellis] A2i&
(ADS) e No) 2 ga
En 2 0(8,s)- n 12 U(B, 0}
=EU; A I(uss)——'?iéi] [ I(uSt)——”’(L%% Y‘(") Y 1)

)
—&f {[ Hu<s) - —07(&0-371(1139 %I(usl‘ﬂ-%]
X[ [ A (we13(0) + A5 (e, y,(1)] dA 220 +BA (e, v, ()du] }

_f [[ (u<s)— -—’é%.%[(uﬁs) —'(xgo%[(ust)+j%()f)-(2—>-

P1091(14)y; (1) Bp1039, (1), (1)*
X[ () +or3(y YW+ p131(2) +p235(2)] u] J

¢ o] F=¥. A

(B2 339 39) Foln 2d 1) @) 29w N(t)/n—&fpy,(u)dA(u) (i=1,2)2
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e QA =8 5 . B

(A8 349 %) A, golEQS AERE tEd . f<<pol Wy,

Ci(t,. D= yl(‘f(‘g?f);z‘(’;(”){[ KX ;<) —IX ;<t)] —[ 55(%2) ;’((") ] (A2)
Citt)= Yl(f{“'u)),";(f,z‘(’;“){[ KX y<t) ~ KX y<0)] —[ ;’E:i)) ”"(gf)))] ] (A3)
Cutty. =g R 1y < txysi) - B - T} g
Cott.t) =g |1 1w <t -1xp<0] -] ;’((f,)) 2011 s

g 8zL A7, j=1,..,05 F=1,..,n; ojth (A2)-(A5)ZHH

I8 72 OCB,0—n 2 DR )=l ™2 F Cot1,0G =272 Cy(. DGy (AH)

In 2 O(R, ) —n"V2OCR, D= |n 12 glcu(t, £)G —n V2 ,ZZIC”(" )Gyl (AT

o} o] Y F Utk
EZAFRERSE G Gyol dtd E(GYH=3°n E(GY)=394< FE3x. &

Y, (X ) Yi(X o) _
3t Yl(Xli2)+ll/2(X1i) $K2(<°°)9}‘ YI(XZJ'I)'l'YZ(Xz;“) 5K1(<°°)a} kx84,

Ci(t, D, Ciy(tty), Couy(t, DT Cy(t)e] FARLZRE g ¢ F 3

Cit, D? SK§[1(t1<X,,.gt)_[ ”(t)_(_oo”)(tl)] }

sK%[%%j;i)—} 2 (A8)
‘

C (1, 1) <K ﬂ(tz)“ 7(t) }

~ o 2
Cm'(tl,t)ZSKf{—%)—} : (A.10)
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~ ~ 2
Cylt, tz)stfl 7(t)— 9(t) }

7(o0) (A.11)
Ci(t, DC u(t, 1) R R
sK%[—I(KXl,,StZ)[ M] I(t1<X1,-st)[ —”(—%)(;#
[ 2(8)— 2(1‘1)] [ 72()— 7(H)]
[ 20— v(tl)] [ 72(8,)— ()] }
(<>°)2
o 2(t)— 7(t)
SKZ{ 7(=) } .
Czi’(tl,t)czy(f, tz)SK%l%'(‘ﬁ‘)‘} (A.13)
A7V A, i, k=1,..,n; 7, K=1,..,n °lth

olAl, (A6)-(A13)C0.2RE ElolEAE 44 AEY 4 Utk
2E{ln 2OCR -0 OB ) An T OB, ) —n " U( B, 0%}
-3 2_'lcx,(t1 D*Cult, )’ BXGHG+ B B Ciltr, Corlt, £ BIGIGY)

+ 2 B Colt, 0Colt, ) BGH G+ B, B Culh 0°Cor (1 ) BGHGY)

FME N

g C(t, DC ulty, DC (8, 1) C 1L, ) E(GA,GY
ik

Lt

+4 ;z=1 kz=1 Cor(ty, DC (11, DC 3 (1, 1) C (1, L)X Gy Glow)
d

<K
=3 3 Cut, 0%Cu (L )"+ E, X, Cuftr, 0*Cult, )’
*k

+3 Zj sz(tl,t)zcz;(t, tz)z+ iz=21 k2=21 Cw‘(tl,t)zcz/,'(t, tz)z

F+k
g Zj C (1, D2C o (¢, 1)*
gl }21 Ci(t, DC u(t, DC (8, )C 1L, 1)
i<k
4 B B Culn,0Cuh, 0Cu (L &ICu(t. 1)

~ Wy

I
<[ 3niK}+2mn KK} +3n3Ki] ———”(tz;])("oo’;(t‘)
a8eg, o/d K({w)d tidtd,
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E{ln = O B,0—n "2 DC B, t)4n ™ O B.ty —n " O B. 01"}
SPRICEIION
7(0)
doz golEAYE wEHT
Lindeberg-Feller?] 413 84z2ist Bojeqdoze » 7 O(B, -)& J&ol 02 7
SR oz FPPT} W, s<rofl ghEho,
E{n 20RO B DX 5,45, Z »}

="—l[g[ Yl(X}l:z)(fil}z)(XU) 2[ KX <9 =0 )] [ KX <) — —-’1(97]

- H et | 8] 81

= ‘ {[ Ku<s)— —”—(-LI(uSS) -—”-(-LI(uSt)+

e
| T(‘?ix)—m] W) ¥ Y_(%T] avcol

= &= iCR L g+ 2D 2oy

Qe o 4 ok maEpd, (X445 Z00 FARE @ n 20(B, )& 720, )
FA8 TR F2E 23 PYFol 02 S aHHez £Yeck B
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3 — observed process
=== gifnulated process
1'5 L ' ?l.:: [} " :: "
Rt e
0 VENGIA
_1.5' ! '“:
|'| A 'f l.t,
-3

100 200 300 400 200

Times(days) from treatment to disease progression of patients with ovarian cancer

" 1 AFGEAE W AYAD OF BRAAY 157) Algdoldatge a¢y
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A Goodness-of-Fit Test Based on
Martingale Residuals for
the Additive Risk Model4

Jinheum Kim3, Seungyeoun Leef

Abstract

This paper proposes a goodness-of-fit test for checking the adequacy of the
additive risk model with a binary covariate. The test statistic is based on
martingale residuals, which is the extended form of Wei(1984)'s test. The
proposed test is shown to be consistent and asymptotically normally distributed
under the regularity conditions. Furthermore, the test procedure is illustrated with
two set of real data and the results are discussed.
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