Frid BHANSSHAIAD
41 R As T2 A RER
G - B HRRT 0 APEREL G L M Ao g Bk £ D, (j=12) &
LB ST G KA T ke R @ (5,D,) 2 F AL
Fe¥ 2 5 gl (odds ratio) & fa it Ap BE M58 53

_ Pr(D,=1,D, =1)Pr(D, =0,D, =0) _

21 =50 21 =51 (4.1)
Pr(D, =0,D, =) Pr(D, =1,D, =0)

£ XDy =1R & F T F L BaFHAR Y R E R = R R R 2 =12
A E A o $0F T (D =1) 0 HE AR DA~ L X=X, H AR

F(D;=0) Bl X]=o0 o p FEREEDISI(X]<Y)) (j=12) > FA &2 H LT

]

e

<

B
3
AW

b ey

BRI E1E o g e 3 lic - § BLBBIE R(D; =1)0 7 D, =12 X, <

=

i 242 (D =0)2

f‘m
3k

< ABRETIE R(D, =0) Mg WG A G T #]

(D, =1)ie &X,>Y, °

Bk - X[ LY, (j=12) (4.2)

—\

‘S'l:%

Bk -:Y,|D;=1 ="Y,|D,=0 (j=12) (4.3)
Bk = :Pr(X,>t|D,=1D, =0)=Pr(X, >t|D,; =1,D, =1) =Pr(X, >t| D, =1)

(i+]) ° (4.4)

[543 ('_)(-—)m d'friwﬁ R I r;#flﬁ_:-oa;__,@;, \"/{{#ﬂ’pff'lgﬁ‘:’
- B4 %(D, =1) > ﬁ@»;ﬁaﬂfﬁ&(x e fefo B W4k B3 F FleaE & b (d 5}_;_.15

BiR)  EREK- SR AL RPEOPL - 2G4 BREE FE- L
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WM

VR BRAERTAL R @ bR ERARRET 0T F 5

Pr(X; >t)=Pr(X; >t|D, =1)Pr(D, =1)+ Pr(X; >t| D, =0) Pr(D, = 0)
=Pr(X;>t|D,; =1)p, +(L-p,) ° (4.5)
H o pr(f)j =) =p; (j=12) - B 7 - & HENPF 207 Chatterjee & Shih %2

BRp=p=p’ MEARATEENAR - LHAP? Ea 3 o 2B H iR

42 HaRR &N

421 A TR

hraif 2 T A AP L DA BRRRE RS T gl AR EORER S
T, =X AY, o ¥ #F 47 & {0 T5DuD,) i =12,.,m} » B¢ T, = X/ AY,

T, =X, AY,, » Dy, =1(X;; <Yy) "Dg=H0X, £Y,,) ° F 4 & *Y(censoring) A5 #-

F 0 Bt RS BRI B S LR R e

—I’ﬂb

A 4k
e

422 AR B L faiEK

BARH D AT o N ER R R RPERE S FIK
(nonparametric estimation of the bivariate survival function) = &_ip § 4§ 3222 Flggn
AL Bl g A RFR > 4 d v (A7 75 PEFAPFER- L4 6
SBGE M R S R R IR o

(1). 3 P 2 B RCSS © 4% 7 i 30 (D, =10, =1) » A P i

A o e e & 4 fie & § copulamodel - ¥ £ T G

~

Pr(X,>s,X,>t|D,=1,D, =1) =C_{5,(s),S,(t)} (4.6)



29 S/ ()=Pr(X;>t|D; =1) o Sdica 8% HFF T MBI ORI > LA PEE R
ABhS 2 — > 4 B4l & p Lo

(). #5 b g2 B EHCSS 0 B3R (Y,,Y,) " & F copulamodel - # % 7 &

Pr(Y, >s,Y, >t) = D, {H,(s), H, (1)} (4.7)

He H (O)=Pr(Y,>t) » £8AHE kp 5> i b g M I 58 55 o

423 PETH

Bt m > AL T RPE Ut EER L o
H 00
(i). C®u,v)=C_(u,v) >

(ii). Co(uy) = Ce U,

ou
o o CRIIS
(iii). C, (u,v)_—av
: " _3C ()
(iv). Cruy -2

A E iR 2 e B 2 & Dy (s,1) (k1) = (0,0), (1,0),(0), (L1) °

43 HEBRLHN S 2
4.3.1 P02 0H

FAT 457 5 {0 T, Dy D) (=12} o RARHS e > B $AB i Sdic

(). d5iEWEEdF FEE B m S k(y El';oo ys

(i), WHespmm T o S8k (a);
(i), kp7=HELp eI L ()

lzi:ff; BLR m},};—,#ﬂ&@:( D,,, D,,) eiE » ¥ M-H R R TIILT m“;fé e
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a. (D,=0,D,=1):% & &7 it i)
al (Dy,D,)=@D): P Ty=X, <Y, Tp=X, <Y,
a2 (D,,D,,)=(01): ST, =Y, <X, > T,=X,<Y,
b. (D,;=1D,=0) :F & ¥ i i)
bl (D,,D,) =AY FF Ty=X, <Y, Ty =X, <Y,
b2 (D,,D,)=(@0): BT, =X, <Y, > T,=Y, <Xy,
C. (Dy=0,D,=0):% w7 it i)
¢l (D,,D,)=@1): *p T,=X, <Y, T,=X, <Y,
€2 (D,,D,,)=(L0): $* BT, =X, <Y, 20T, =Y, < X,
c3 (Dy,D;,)=(01): #* BT =Yy < Xyd Ty =X, <Y,
¢4 (Dy,D;,)=(00): » T =Yr< X Ty=Y, <X, 5
d. (D,=1D,=1): %} - &K
dl (D,,D,)=@Y: *PF T, =X, <Y, > T, =X, <Y, °
¥ TGS SIS, () =Pr(X, >t|D, =1) ¢ s, o (a,8,Py, Py, Py, Py) SR

L =ll[(L1i)'(D”:1’D'2:1)(L2i + Ly ) PP (| L) PP (L L+ Ly + Ly ) P00
i1
(4.8)
# ¢ P =Pr(D,=i,D, =j)i,j=(0))
L, =Pr(X, =t , X, =t,|D, =1,D,, =1)Pr(Y, >t,,,Y, >t.,)Pr(D, =1,D,, =1)
= C. (S, (ty), S5 (1)) S, (At,)S, (At,) DY’ (H, (t,), H, (t,))Py
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L, =Pr(X, =t,,X, >t, | D, =1,D,, =1)Pr(Y, >t,.Y, =t,)Pr(D, =1,D,, =1)
= C2(S,(ty), S, (t2)) Sy (At ) DS (H, (t), H, (6, ) H, (At,) Py,
L, =Pr(X, =t, | D, =1,D,, =0)x Pr(Y, >t.,Y, =t.,)xPr(D, =1,D,, = 0)
=S, (Aty)D5H(H, (), H, (t,))H, (AL, )Py
L, =Pr(X, >t,,X, =t,,| D, =1,D,, =1)Pr(Y, =t,,,Y, > t,,)Pr(D, =1,D,, =1)
=C,’(S,(ty), S, (1:,))S, (At;,) Dy (H, (t,), H, (8, ) H, (At Py
L., =Pr(X, =t, | D, =0,D, =1)Pr(Y, =t_,Y, >t.,)xPr(D, =0,D,, =1)

= Sz(Atiz)Dzo (H, (), H, (t)H (At )P,

L, =Pr(X,>t,, X, >t, | D, =1 Dy =1)xPr(Yy=t,,Y, =t,)Pr(D, =1,D,, =1)
=C. (S,(t,), S, (1:,)) Dy (Hy{ti)sH, (t5,)) Ha (At )H , (At,) Py,

L, =Pr(X, >t, | D, =1,D,, = 0YPr(Y,=t,.Y, = t,)x Pr(D, =1,D,, = 0)
=S, (t;))Dy (Hy(ty), H, (t,))H, (At ) H, (AL,)P, -

L, =Pr(X, >t,|D, =0,D,, =1)Pr(Y, =t,,,Y, =t,,)Pr(D,, =0, D,, =1)
=S, (t;,)Dy (Hy(ty). H, (t,))H (At )H, (AL,)Py,

L, =Pr(Y, =t,,Y, =t,)Pr(D, =0,D,, =0)

=Dy (H, (t;), H, (t,))H (At ) H, (At,) Py,
PR IR TNPE SAVESTE & Tl SR 2
(i) priv e (L) ¢ 7 S,(t)=Pr(X >t|D =1) > e H Ao FRER
et T BRAES A% 2 F3miE o Y AP TR RE A i

Bk Bom e < R002 B34S, (1) o - KRR A PR ERE
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PR R EFRADEEN A R AR F P BRI AA

§ PR -

]

(ii) Fl4i ik BRI (D,,D,) 0 it £ (D,D,) # EHFM S FEAET i

o @i s (L) ¢ F Apde i 30 o bR 8 i AR - i

iz & #ic(log-likelihood function)®~ iz~ B > score function F] gt % 18 - & 4§

N

oo e I AEER o TR MBE AT RfE VA AR Z R

Hes 14 e information B o AF S R L A M 4v o 57

EM i & 2 0 2 £ o

SRR

(i) t@8)pmizaticd » & § S,(At),S,(AL,)  H, (AL,), H,(AL,) 4 -

point mass 8 B o ¥t3t - 4 copula model sHfE:m R 4L > 2L IE P € &

RBP4 SRR PR AT T B LR DT A D)

Snfc? M@AeeuE PR S| SR mass it E o om0 Bz o A

‘B }* 5 A enigat 1 18 o

432 Benprin sl it Bodth S 2

SBc e it WAk bGP 2 B AR B dow STIE (Y,,Y,) £ B (X, X)) R

W E AL A 45 s copula BN crdn s B AE(F M it a B T 4

RAT) 3 ks B FR T A T AIL o B 6 REEE B G (Y,Y,) 2 MR

% 5

Pr(Y, >s,Y, >t) = D, {H,(s), H, (1)} °

Y H (t)=Pr(Y;>t) (j=12) - 2Pl m 8> 2 B3 H () =Pr(Y, >t) >

Kaplan-Meier 3-8 ¥ 4 7 4 :
> I(T; =u,D; =0)
H,®)=]]11->— (j=12) -
ust DT, 2 u)
i=1
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#-H [ o R PR S e 0 18 D] ehd i 3 dic(pseudo-likelihood function) ¥

T AT

C oI o2 ] HDu=102=1) 1 $ 1 1(Dy=1.D;,=0)

L OCH{ -DﬁO'O(Hl(til)’HZ(t‘Z))] [Dgl(Hl(til)'Hz(tiz))Hz(Atiz)] x
i=1

[ ~ ~ ~ 1(D;;=0,D;,=1)
D2 (H, (t,), H, (t,)F, (At x

DA, (1), Fi, (4 )F, () H, (at,)] % (49)
# 9 DY (st) Sh ho e (4.2.4) 5 i B (k1) = (0,0), (10), (00), (L1)) =

L, log Sndc > 7 17

log(L,) = 31 1(D, =1,D,, =1 log[D® (K, (t,), K, (t,, )]+

i=1

1(D,, =1,D,, = 0)log|DZ (Fiy(t,.), H, (t,,)) |+
(D, =0,D;, =0 Iog[D;O(Flﬂtu)’ |"iz(tiz))JJr
1(Dy, =0,D,, = 0)lod|DE(H(ta), H, (t,.))| | - (4.10)

# 1 5% Ellog(L,)| Data]=T(8) #t& A W ez 5 p 3£ -

P2

A4 * Newton-Raphson = ;2 .1 (8) chig+ @5 % h B > tas fehf i o

Newton-Raphson = j* g2 j8 4o F @

ol (p) |
OB p=p**

- 411
AP, i
op? B=p<*

A

k _ pk-1

He gt s ka2 B3t 8

ala(ﬂﬂ) B Zn:{ | (Dil =1D,, = 1)DlﬁOO(HA1(ti1)’ I:|2(ti2)) +

(D, =1D, = O)D;Ol(ﬁl(til)’ I:|2(ti2)) +
I(D; =0,D;, zl)D;m(HA1(ti1)v I:|2(ti2)) +
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(D, =0,D;, = O)D};n(l:h(til): H (tiz))} ;

(4.12)
a;rﬁ(zﬂ) = Zn:{ I(D;, =1, D, _1)D200(H1(ti1)1 I:lz(tiz)) +
(D, =1D, = O)D/ZJOI(l:'l(til)a H (tip)) +
I (D, =0,D;, :1)D/2;10(|:|1(ti1)a H (t;2)) +
(D, =0,D;, =0)D (H, (t,). K, ¢,)) | - (4.13)

# ¢ DX (s,t) _ dlog|Dj (s.1)]

” 8% log|D¥ (s,1)]
35 » D (s,1) =

Yz (k,1)=(0,0),(10) ,(0,0),(x1) -

T A E A s

y I\

NGRS EASNCR: ECEIVETE T

431 &8 432 &
ENEN éuﬁsﬁgxy}aﬂ

3 BIMEALE ¥ - PR e AT - Y A
HA ADEF 2 g 2" " (plug-in)s kB o B B B4R
Slica & o
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4.3.3 a,P; (i, j=01) crprin o e i 3+

1 U
EATY Z BRI
SRR

B A RPEEAE S;()(1=12 %

44

Fo B R R e 2 35S0 (J=12) o £ 432 $4FH Rk

Ji

PG FE AZ WP LA MY £ BAL R VLNFTH VT 0F 4 4 copula

SRR S R o e - PR E BRSO B R R S o

PRI S B E F1 T R S S8 (a, Py, Py, Py, Py) ©

Fefx = | &3 (a,Py. Pt Poys Py)

Bt 58P, (L)=Q0) P pd B A 8s b ¥ - b BB B
R - BRAE A TS R R A G s (4.8) A R EEFR
{(T,,T,.D4.D;,) (i=12..nFaEHinKoda @ FATEHEDE R §
@A AT AP EM R i o AR T
{(T,.T,.D,4,D,,D;,D,) (i=12...n)}eein e B¢ ¢ % #H0A & 4oehD;
o4 0t P S0 By o e FR L RiE 2 B (E-step) > £ $HH F PE 07 S BBk 4
iz (M-step) -
E-M g8 R FEpd 2 apeinn s kv 47 5

L (e, Py, Py, Poys Poo)

n - ~ - -
— L| (Dj;=1,D;,=1) LI (Dj;=1,D;,=0,D;;=1,D;,=1) L' (Dj;=1,D;,=0,D;;=1,D;,=0)
1i 2i 3i

i=1

| (Dy=0,Di=1,0;3=1,0;,=1) | 1(D;3=0,D;=1,0;,=0,D;,=1)
i 5i

L (Di;=0,D;,=0,0;,=1,D;,=1) L (D;;=0,D;,=0,D;;=1,5;,=0)
i 7i
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L (D11=0,D;,=0,D;;=0,D;,=1) L (D=0,D;,=0,0;,=0,0;,=0) | |
8i 9i

(4.14)

:'E" ‘:1 ’ E(a,Pll,Plo,Pm,Poo) ‘:J );Z" I—é“ Lki (k :1121---19) ﬁj:’i% ‘fif'P\—:’ (48) #‘iﬁ} ‘:}"& I— ﬁj:i

& o ¥ E(Of, Py Py Poys Pog) B~ log &> 7 1 !

| (o, Py, Pios Pors Poo)

= z{ 1(D;, =1,D;, =D)log Ly; + 1(Dy; =1,D;, =0, ISil =1 ISiz =1 logL, +

i=1

1(D;, =1,D;, =0, ISil =1 5i2 =0)logLy +1(D;; =0,D;, =1, ISil =1, 6i2 =1)logL, +

I(D, =0,D,, =1,D, =0,D,, =1)log Ly, + I(D, =0,D,, =0,D, =1,D,, =) log L, +
I(D, =0,D,, =0,D, =1,D,, = 0)log Ls; +.1 (D, =0,D,, =0,D,, = 0,D,, =1)log Ly, +
I(D, =0,D,, =0,D, =0, D, = 0)loglLy, - (4.15)

B logl, » % &7 L, (k=12,..9)Plog & » f G Lp o= — 3550 i A 4p

i %0 5 d log g {8 0 log L, N e — iﬁij&z? B s AP Ao g o TP AR el

ﬁE? THP Y Eengk (T AP E i&-logL ECE e B7 ﬁﬁ:a,ﬂﬁr(Pll,PlO,POl,Poo)4)5 Rl
SRt b o

1(,Py, Py, Py, P) =1, +1, + 1, +1¢ (4.16)

=3 {1(D, =1,D,, =1)IogCE(S, (t,). S, (t,)) +

i1
(D, =1,D,, =0, ISil =1, 5iz =1)log Cio (Sy(ty), S, (L)) +
1(D, =0,D;, =1, ISil =1, 5iz =1)log Cgl(sl(til)’ S,(ti;)) +

I(Dy =0,D,, =0,0,, =1,D,, =1)1ogC (S, (t,.). S, (t,,)) |
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(4.17)

1, =3 {1(D, =10, =D)log D (H, (), H, (1)) +
I(D, =1,D;, =0)log Dgl(Hl(tiz)' H,(t,))+
I(D, =0,D;, =1)log D;O(Hl(tiZ)’ H,(t,))+

I(D, =0,D,, =0)log D} (H, (t,), H, (t,)) | * (4.18)

I
=

(D, =0,D,, =0,D, =1,D,, =1) ] logPr(D, =1,D,, =1)+
[1(D, =1,D,, =0,Dy=&D,, =0) +
(D, =0,D5 = 0,B4 =1B,,'= 0] log Pr(D, =1,D,, =0) +

[1(D, =0,D;, = 5B =0:D;, =1)+

(4.19)
l.=>"{ 1(D, =1,D,, =0,5, =1,B,, = 0) logPr(X, =t | B, =1) +
=
I(D, =0,D,, =1,D, =0,D,, =1)logPr(X, =t,, | D,, =1) +
1(D, =0,D,, =0,D, =1,D,, =0)logPr(X, >t | D, =1) +
I(D, =0,D,, =0,D, =0,D,, =1)logPr(X, >t, | D, =1) | -
(4.20)

R l, & o 82 S8 (, Py, Py Poy s Pog) &M 2 #7010 583 7 AR &
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(@, Py, Py, Py, Poo) P2 3 ficcf 38 o F] 5 B4 % 8D, (j=12) &2 BRI 31 B4 %
i@ (missing data) » #7431 EM iF B 235 8 1 (a, Py, Py, Py, Py) 1B -
E-step:4-#f For |, k,p,q=00r1l

E[i(D, =1.D,, =k, D, = p.D,, =q)| D, =1,D,, =k, T,,T,]

= 1(D, =1,D,, =k)xPr[D, = p,B,, =q| D, =1,D,, =k, T, =t,,,T, =t,,

~1(D, =1,D,, = k) Pr[Dil =p,D;, =q,D, =1,D;, =k, T, =t,,T, =t;,
Pr[Dil =1, Di2 = k1T1 :til’TZ :tiz]
(4.21)

M-step: 1 (a,P,, Py, Py, Py) Fo1& &
B 31 (@, Py, Py, Py, P ) oA P 0BV S B S 8 20 1 HiE S 2
Newton-Raphson ;2 & & o & #h's 22 g 5B &% 17 S50 838 |, {o 22 (P, Py, Py, Py) 7

B g i 0 BB |, e B e v B LR u] ¥ o o (P, Py, Py, Py ) A B s

2L o
4

(i) a$E::
a ¥ 1(a, Py, Py, Py P ) e AR 50 F ZH B fies s FIZ R L, Eag Bom H i

B¥tamn 3 ¥ HIE - &
ol (a, |311'P107P01’P00)

ox
— ala
 da
- Zn: { 1(Dy =1,D;, =1)C." (S, (ty), S, (t,)) +

I(Dil =1 Di2 =0, ISil =1, 5iz :1)(:01(10 (Sl(til)fsz(tiZ)) +

I(Dil =0, Di2 =1 ISil 1, 5iz =1)Ci01(sl(til)’ Sz(tiz)) +
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I(Dy =0,D,, =0,0,, =1,D,, =1)C* (S, (t,.). S, (t,)) | * (4.22)

0 Iog[Cak' (s,t)]
oa

He Cl(st) = (k,1)=(0,0),(1,0),(0,1),(11)

AR fq B R0 R & BT Z R A

azl (a; Pll’ P]_O! POl’ POO)
oa’

0%l

oa
n
1

a
2

{1(Dy =1,D,, =1)CZ (S, (t,), S, (t,,)) +

I (Dil =1, Di2 =0, ISil =1, 5i2 :1)(:510 (Sl (til)' Sz(tiz)) +
I (Dil =0, Di2 =1 ISil =1, 5i2 :1)(:02(01 (Sl(til)f Sz(tiz)) +
(D, =0,D,, =0,5, =15,, =HCF(S, (t,). S, (t,,)) | - (4.23)

He CH(s,t)=

2 Kl
0 'O%[zg . (k1) 2(0,0).10),(01), (1) * &7~ #ind_f gl 3

¢ 2 F14 D, (j=12) 4% 0 AR, p,q=0 #1

I(D, =1,D,, =k,D, = p,D,, = q) é1 & & F'* E-step ¥ F{F e

E[I(D, =1.D,, =k, D, = p.D,, =q) | D, =1,D,, =K, T, T,] e Bk 2 « 2= £_E-step ©
NfETEES Y E

E[l (Dil =1 Di2 =0, ISil =1, 6iz :1)| Dil =1, Di2 = Ole’Tz]

=1(D, =1,D;, =0)w;; °

W = C. (Sy(tu), S, (ti,)) x Py :
! Cio (S, (ty), S, (t;,)) x Py + S, (At,) x Py

g

E[l (Dil =1 Di2 =0, Bil =1, 6iz = 0)| Dil =1 Di2 = OvTuTz]

=1(D, =1,D;, =0)w,; °
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W = Sl(Atil) X PlO .
2 CI(S, (1), S, (6,)) X Py + S, (At ) x Py

E[l (Dil =0, Di2 =1 ISil =1, 6i2 :1) | Dil =0, Di2 :11T1'T2]

=1(D, =0,D;; =)wy >

W = Co (Sy(ti), S, (t:)) x Py :
T CI(S, (1), S, (1)) X Py + S, (Aty,) x Py

~

E[l (Dil =0, Di2 =1, Dil =0, ISiZ :1)| Dil =0, Di2 :lvTuTz]

=1(D, =0,D;, =)w,; >

W = S, (At;,) x Po1 :
: C31(81(ti1)a S,(ti2)) x Py + S, (At,) x Py

~

E[i(D, =0,D, =0,0, =1,0,, =1)| D, =0,D,, =0,T,,T, |

=1(D;, =0,D;, =0)wg; >

COO(S (tll) S (t|2))>< Pll .
lCOO(S (ti), S, (i) x Py +S, (L) X Py +S,(t;,) x Py, + IDoo] ’

E[I(D, =0,D,, =0,0, =1,D;, 20)| D, =0,D;, =0,T,,T,]

=1(D;, =0,D;, =0)wg; °

S, (t;,) x Py .
|_CO0 (Sy(t) S, (ti,)) x Py + S (1) x Py +S, (t,) x Py + Poo] ’

E[l (Dil =0, Di2 =0, Dil =0, ISiZ :1)| Dil =0, Di2 = 01T1'T2]

=1(D;, =0,D;, =0)w,; >

S, (ti;)x Py, .
lCOO(S (ti), S, (t,)) x Py + S, (t;) x Py +5, () x Py + P00] ’

E[I(Dil =0, Di2 =0, Sil =0, 6iz = 0)| Dil =0, Di2 = O'T11T2]

=1(D, =0,D;, =0)wy »

Poo
I_COO (Sy(ti) S, (ti,)) x Py + S (t) x Py +S, (t,) x Py + Poo]
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fl* ik 8GR EEE Y BB A B o ¥k (4.23)22(4.24) 0y S il ¥
a - PEfoz FHCA N o s Rt g e HEE 2N 4o

0
) pk) pk)
© %Ia (o, Py”, P, Poy”) |a:a<k>

0 K pk plk
oa’ 1, (e, P, P, PY) |0

a®D — o

(ii) Py, Py, Py i3t

s Py =1-P, —Py—Py & PPy, Pycdit e & » a B 7 & B3P, Py, Py #ei
BIIPyenfe 3 i > F T ¥ L ik > B S lcnB o g > o FILP,, Py, Py
B ) $ T (@, Py, Py, Py, Poo) BOA 405 %0 8 3 # 1, A » &

=Zn:{ [1(D, =1,D,, =1) + 1(D,, =L, Dy=0,D, =1,5,, =1) +

i=1

~ ~

(D, =0,D,, =1, ﬁilzl’ ISiZ =1)+1(D;=0,D;;,=0,D, =1,D,;, =1) ]__

~ - 1
I(D, =0,D,, =0,D, = 0;D,,=0)f=—=— - |, 4.24
', =00, =0., - 0:5, ﬂl—al—zal} (424)

Z{ [l(D,1 D,,=0,D,=1D,,=0)+1(D,=0,D,=1D, =0,D, =1) +

i=1

I(Dil =0,D;, =0, ISil =0, ISiZ :1)+I(Di1 =0,D;, =0, ISil =10, :0)]__

I(D, =0,D,, =0,D, =0,D,, =0)] (4.25)

(-P, 2%0 }’

D, (j=12) &4 % & » #tr2 1(D, =1,D, =k,D, = p,D,, =q) (I,k, p,g=00r1) e

4% E-step * £ E[I(D, =1,D, =k, D, = p.D,, =) | D, =1,D,, =k, T,,T,| & B~

2o AR LHEE 5 (2P, P =P, Pl B[R 2N AT
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o, o, ol,
I:)1(1k+1) _ Pll(k) . apﬁ aPllaplo 8P11 ,
e - I T PO I el

8P118P10 8P1§ aPlo [Pu}:{"n(k)}

PlO PlO(k)
(4.26)
He
57 =210, =10, =0 +1(,=1.D, 20,5, =15, =1 +
11 i=1
I(Dll OD|2:1’6|1:1 _1)+I(D|1 D2:O’l:ﬂ)‘ll::l"l:ﬂ)‘lz::l')]><
(D, =0,D,,=0,5,=0,5, =0)] : 2} (4.27)
11 (1 P11_2P01)
o, @ - - _
7 =21 [1(0,=1.D;, =00, 24, =0)+ 1Bz =0,D,, =15, =0,5,, =1 +
10 i=l
I(D, =0,D,, =0,D, =0,B;, =1)+ I(D, =0,D,, =0,D, =1,D,, =0) |
-1 pe 4
—_|i(b, =0,D,, =0,D,=0,D,, = ; 4.28
= (D, =0,D, =0,5,=0.D, )](1p ZPM)} (4.28)
o2l 2, - _ 5 }
I(D, =0,D;, =0,D, =0,D,, =0) o (4.29)
6P116P10 8P016P11 21:{ ' ? ' ? (1 P 2P01)
SOEE S APIE L ek SificdeT
o2, o, |
-1
oP; PP, | _|a ¢ _ 1 |b -c (4.30)
o, ol c b ab—c’|-c a '
oP,0P,  OP?
o%l, 2%, o%l,

HoY a= ' b=
6P1i aplg ’1: apllaplo
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v

* T &
1
C. (u,v) = U +ve -Dre if a>1 ,
uv if =1

2100, =2 g m s & AT

$ - o424 M dic ) %8 (D,,D,)

d Pl’(|51=i,|52:j):Pij (. j=01 j/:_P“POO o
PlOP()l
(1) ’téjr\’k\i Pll‘f‘-"]/ ;
(i1) 1% T A A EAETE
PP
1 _ ufoo |
@ 7 p?

(2) Pu+Py+2Py=1=PFy =1-PF, -2PF, >

‘ —a++a’-4b
¥R, = 5 fo Py =1-P; -2R, »
2
He g 2I:)11, b= P Py Py (P, —1)
4 4 4 4

(iii) 2 +#%#U, (=12..n)  2¢ U ~UQ)EU &HU, B> -

(iv)  if U,<P,= D, =1D, =1
elseif U, <P, +P,= D, =1D, =0
else if U, <P, +P,+Py = D; =0,D, =1
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else D, =0,D, =0
F] g 7 {7 (D,,D,) (i=12,...,n)

$-#%: 42 X,X,|D,=1D,=1~Clayton (r,) :

(i) L3 F ool ;
l-7,
(ii) L4 &g e g U, U,) (i=12..,n) » #¢

U, ~U@0) (j=12) ;
(iii) £ X, |D, =1 (j=12) e w & fie 5 exp(1) » B2 4% Prentice and

Cai (1993)er47.5% » 4 = (X, X,) 40 ¢

1

a; = (1_U2i)_a -

X, =—logt=Uy,,) °

1

X, =ccxlogit=a +a x 1-U;) =] ;
(iv) if( 61i =1 62i =1) » set(X,, X)) = (X5, Xy)

else if (D, =1,D, =0) » set(X,, X5;) = (Xy;,0)

else if (D, =0,D,, =1) » set(X;, X5;) = (o0, X )
else (D, =0,D,, =0) » set(X,, X,.) = (00,00) ©
EAF L HFIn=xF #(D,,D,, X5, X5) (i=12,..,0) ¢
5 =9 24 = (Y,Y,) ~Clayton distribution(z) :
4 Mok 82 H 30 a()~(iil) 0 AN E T @ (Y, Y,) (=12.,0) ¢
e WRBREIAPFET,T,) o2 o 558 B8 F k(D D,)
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else If X:I SY1i1X;i >Y2i ’ Set(Tli’TZi) = (X1*i1Y2i)’)f’r(Dli1D2i) = (110)
else IleI >Y1|’X2| <Y2| ’ Set( 1|1T2|) ( 1|1X;i)'fr(Dli1D2i) = (0!1)

else X >Y1|’X >Y, > Set(Ty;, Ty) = (Yy,Yy) F7(Dy, D) = (0,0) -

f :F;K# (T1|’T2|’D1|’D2|)(I ,n) °
52 #HHEE%
AP RSB A TEGH P BN PR B o BulHE AL (sample

size) 5 n=5004rn=1000 = $ Tk > @ HIRF HNEAF T HP|EFFE A K] h2
> B u£4F 1000 =k - 2000 =% - £ fT 3oL R X o g+ Clayton
HEF ks 4 5 o PR AP OB £ A e iR b e 4 PR S 8 A e 0 B g iE
BRI e S 2 3 SR A4, =038/05,0.7 frr, =0.3, 0.5 fie ¥ = = A0 d
PR L afefiE e ¥ - 2 R AP E R R e ML y =08 0 AW
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B4 (- ) L 7,034z, =0.3(534pM) > 0.5 (¥ &4pk ) 0.7 (& AApH)
oo B G R frm ot i 2 R pofrE MR BT ROp S iR
% o AP L PfrP, 5 Pr(D, =) {rPr(D, =) chiE 3+ iE (@ B &% 5 0.462348) ;
Vb A dehR S Y o AP ERRY YD E LG s R
(exponential distribution) » ]t 2, fr 2, 5 dg s fe® i (2 B 5 4, =1(j=12) ) >

A

A4 (1=12) A HcehRriE o d Bl (- ) SR FRAFLY 7 2 Hiz & &L
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N=500 Rep=1000 N=1000 Rep=2000

Ty =0.3 Ty =0.3
Biasx102 Biasx107

(St.errorx10?) (St.errorx107?)

P 0.33(5.46) 0.10(3.65)
P
Y -0.09(6.15) -0.04(4.63)
P 0.40(5.23) 0.21(3.69)
_03 I:)2
Ty =0 NP 0.50(5.93) -0.14(4.67)
i, P 1.42(18.52) 0.68(12.53)
i, P 2.04(18.33) 0.78(12.73)
P 0:26(5.21) 0.27(3.72)
P
Y -0.18(5.98) -0.18 (4.76)
P 0.24(5-24) 0.20(3.77)
P
" NP 0.33(6.78) -0.18(4.61)
i, P 1.97(18.41) 0.89(12.93)
i, P 1.21(18.59) 0.89(12.79)
P 0.00(5.45) 0.13(3.74)
P
Y -0.64(5.95) -0.16(4.72)
P 0.29(5.46) 0.07(3.75)
P
" NP -0.51(5.97) -0.20(4.60)
i, P 1.39(18.88) 0.94(12.91)
i, P 1.37(18.96) 0.71 (12.96)

BA(- )R 5500 71000 T 7/ % 7 2 e 744 (“P7) frrie # 7 7452 (“NP”)
Rl E R J e B A T o2 R e e o
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N=500 Rep=1000 N=1000 Rep=2000

7, =03 7,=03
Biasx10? (St.errorx107?) Biasx10? (St.errorx107?)

P 1.88(12.37) ~0.09(9.78)

O _9.31(14.32) _8.39(11.60)

7, NP ~0.38(3.04) -0.31(2.19)

:“0.3 ; P 1.56(3.62) 0.70(2.63)
N

NP 0.22(4.43) 0.45(3.50)

P 0.26(2.78) 0.17(2.10)

E NP ~1.39(3.66) ~0.92(2.52)

WE(= ) A< Z500 701000 74 &7, =03 frr, =03 7/ # 7 # iz 742 (“P”)

Fof # 7 74 A(NPY) 7 2ler, ~ 1, Py FoPy o
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N=500 Rep=1000 N=1000 Rep=2000

Ty =0.3 Ty =05 Ty =0.3 Ty =05

Biasx107? Biasx107? Biasx107? Biasx10?
(St.errorx107?). %" (St.erforx107?)  (St.errorx107?) (St.errorx107?)

P 0.46(8.99) | 10.04(8.68)  0.16(6.28)  0.40(5.84)

7 ~12.68(16.59  -16.9815(17.5 -10.27(12.45 -12.23(12.4
NP
) 4) ) 9)
i 7, NP -0.41(3.12) -0.80(2.55) -0.36(2.17) -0.38(1.88)

=05 P 1.35(3.13)  1.46(3.21)  0.78(2.24)  0.82(2.20)

NP 0.82(4.02)  0.93(4.28)  0.56(3.24)  0.71(3.37)
P 0.59(2.44)  0.34(2.33)  0.37(1.67)  0.35(1.62)

NP -1.05(2.93) -1.53(2.97) -0.88(2.18) -1.03(2.07)

Wz (=) A&+ 5500 #1000 » ¢ 7, =057, =0305 » 7/ 7 § # &

#gﬁﬁ4&%%#E%#£ﬁ%‘%'%ﬁ%°
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T 7, NP

=07 P

>

1
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P

~0>

0

NP

FE (z ) A< 7500 #~1000 » #7,=07 7rr,=0305 » 7/ # 7 * # 7

N=500 Rep=1000

T, =0.3 Ty =05

Biasx107 Biasx107

(St.errorx107?) (St.errorx107%)

0.29 (4.6)  0s45.(4.26)
-15.30(17.53 -17.34(18.21
) )
-0.43(3.08) '20.58(2.37)
0.97(2.93)  1.36(3.05)
0.64(3.72)  1.20(4.03)
0.79(2.11)  0.73(2.17)
-1.44(2.76)  -1.48(2.83)

N=1000 Rep=2000

=03

Ty = Ty =05

Biasx107 Biasx107

(St.errorx107?) (St.errorx107?)

0.19(3.26)  0.15(3.13)

-10.67(10.8
-9.24(10.07)

0)

-0.32(2.16)  -0.32(1.82)
0.63(2.01)  0.66(2.06)
0.48 (2.99) 0.57(2.64)
0.41(1.55)  0.34(1.47)
0.74(2.02)  -0.90(2.04)

L 71‘,_.17,@4 iF AR 3&-&7(1 S Tg Py 7oPp °
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N=5000 Rep=200 7, =05 r7,=03
Hagoimit:
7R KRR s SRR

Biasx107?% (St.errorx107?) Biasx107?% (St.errorx107?)

P 0.06(1.71) 0.28(3.57)
P, -0.08(1:74) 0.08(2.95)
A, 0.59(5.87) ---
A -0.13(5.78) ---
|28 el
7, 0.09(2.76) -2.57(4.05)
7, -—- -0.13(0.91)
P, 0.14(0.94) 0.14(1.49)
Py 0.16(0.68) -0.08(1.03)

W2 (z): pf& 4 % 5000 £7,=0577,=03 s 7/ §  feig 724 fr

PEE ey P
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*h v #-- 3 E 4 F7 (bivariate survival analysis ) friér}&}ﬁ?;‘ (cure model ) %
& 1 F Tl B IR % B IR 5 (incidence) {3 o # # [ (age of onset) shfd B {2
0P s e Chatterjee & Shih (2001) #7483t i 484p e > B % L W] 3t
ikl gk f;:‘ EREY R " BiE b ' 0 @ Chatterjee & Shih i7" 3= 5+ = §
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CWARIAN CANCER

Figure 1. Estimated Penetrance Curves for Female Breast Can-

cer Among Noncariers (Sold Line), Gariers of a Mutaon at BROAT |, sy e e e e ey it Carca. Piotig
(Dashed Line) and Carriers of & Mutation at BRCAZ (Dotted Line). Ford ™y

(triangular plotting symbols) and Struewing incidence data are included
(square plotting symbols) for both BRCA{ (empty symbol) and BACA2 : 31
(solid symbol). Plotting symbols are offset from the associated age by a = 3
small amount to the right for the Ford data and to the left for the Stuew- =~ -
ing data, Confidence intervals are plotted as vertical lines through the
point estimates.
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B2, 8 p 3% < “Genetic Susceptibi

Cancer”.lversen et al. JASS, March 2000.
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