Journal of North Khorasan University of Medical Sciences Sl olal 3 (S, p sk ol ala
2011;3(Biostatistics and Epidemiology Supplement):53-64 OF = $F:(g5 5 gencal 5 () ST a0 5) ¥ e1YAL

WU cwlio s yas Jowo b ¢yl (Wb gw Gl slow i sbrodlS Juloxi
Jado &b bl g9 slg ygwile 51y

S aails las aabls [ by o Ll oole X _Leloo) ) oo [ g0l TiF olsi ams (5 515 _dams
4 L.

R R s & - T K - T Py )
Al (Sbh pole olRails caidilage 0aSiils (sielgmenm] 5 ianjleliog 3 ¢ s jlol HLtils
g . - 1 a T .- 1 - & A
gl (S pole ol (ledlbl (6551 (8 ¢ Jlel Cu o (g Jlol al )l bk IS
g g3 oSS 5l ) e oaSisls el g8 Lokl |
E a e - - o . K P f
Ao (S pale ol Radls diel Sl law « ol 3900y 5 (55505501 09,5 Loty
59,0l o oSS (2ol pole 0uSiais Lol 09,5 ol ®

Mdion (S pole olXidls wiblags 0aSLiils 1 Jghumo 0w gi*
EsmailyH@mums.ac.ir ": g 2SI Conn

oS>

ol 5l 5 e 5laj Sl Uil 558 5 sl S ST ki (sliopla oy it 25 dipo
13 T oot ans oy Sl 3 b el 1 3,5 G5 et Y 4 il o o il Sl 5 il
ol o a7 5 U] 55 sy e A A Sl S35 Uil Ul 55 5 5 ol ] o
il o o izl U535 6 b pute Cll 13 ST eslize

ol s s Sado 2ol ] ooliiw] b ST casliio sl oz o ] conats (Spro o S Sl 0 ks, sl U7 409 5 Oa0
2y G b ool 3,5l 5 srlaiiyn I ptaat Wl o oty Jiz] S eyt i sl eI o] Il o
—00ld degazo yo doliy g jgudln Gloj o Main] 6,8 ))80 o Jto ol jooliiw] b dold] o .ud ,aL?u‘/R sl i jloolain b (goue
5 (@) 8 slagliolow (553555T i 43 ployo gz 1 TAA LI TA - (sl Jlo (b a5 liy Glops ST Gllows 40 Lo po slo
ST 8 e Sz Lg 03p0d dxfie el

Olos o Pl (5,8 05,18, pae Sl e 10,5 Sl5T ous ] Jdo oy canlio Jan] giluad ;) oolizul b loaish
8T8 al 50 il (6,5 )l (o2l sloools depazo 0 0,8 oy byt 05l 55y g doliig 5 gl

e b ool Sl 457035 SIS kit sl it 13 )] ol el il o izl 55 5 by e 4l
& WS saside Gl Glb s sl Gllaw 0 Lo (loosls degazo ;0 0,08 pbivee bli,) doling 5 jgudl leo  Siucls
Doyl 98 pue 5 Hloyo Codbse 0 cage AL Ayl S 40 (Sylos Tl

Ol o 0, s o fade b il T (ST canliio slo o5 Juto sgudS sld 05



www.SID.ir

O 5 S LB doses

QL’-’.-»A_ oUo,.,« Q\JL;:) ‘_;Ub ‘_;L&a:\é J.:l’ﬁ Of

OOl &) g adlllas 5l 08 7y &S Gloy o ogas
Olee & 08 Gl adllae (LG Ul 5)9e sl
SIS gn 3o oo 4d S iy e (slagils
5T el Dlal (28 0925 (o) b2, 51 (S
o adlhe ol BT [F] e Toales
s Dyge 0 skl sy S mls e e
50 Sl 4 el gkl by, o] (owlel Sl e
o ol a4 b, S S (2ep 3 Ol
Sl paeass Joe ol 695y mbe a4 il
el (5978 4 |y S canlie laylas Jas ol
oo 3 eliny 5 jemile le (Kidly Glime a5 0l
o Sl (355 28 L plgise o8 ol )5 Ll
- g il 0551 g9, p Jol> s Sy ||
5T S Gle 4 g 950 gy |y o T 51 g o
ST bl gla by, 5 Sy ol el ol
5 S Y] wilise | Jabe @b 5 eolital Copules
Py msg wlp ) Jate &l S0 0890) VoS
) oT lantl slagssi 5 oogms 253 (8, bl
500 s55%e Jake &l cov 5 el o,
Ol (Sialy 55 Ol s ar o o1 (o9, iogad
B 4 Jabe gl g9 g Jate gl 0 Gladligls
Syl @ly Comlis SIUT Gs5 abewy S a8,
Jaie b a5 Sles wiols s b T sl e LS
gz (0B, Dlble 4 by el glaosls ally jaseie
5 el Soysln ookl Glacil aly e
9 A 090 weligy &S Sloy WS (oo Zolis 5L
o eolidny Soylnt b aril JEe sl

8] 85500 o le S S0 51
i wlal p 50 lasdlas o (VAAY) L5 § S5
o ogy ab o)lal T 4 Y o a5 53 Ld asllas
Slasl @l ly S0l S 3l caz |y Jabe
Wy ey atwly 0B, olbbw lls slacols o
e §1 50 S cpl b alie ol o5 el S5 L6 [7]

¥_ independent censors
? _sensitivity analysis
' _copula

' _Zheng and Klein

doddlo
@l (b e pgata dlite clid,
il Sy ol &) oloj 2 A3 Jolse (B Sae
S Al S e wlgioe o el (nl sl oo o>
Ol S gl g)lo S dge e (g)le
@ by glaools .all o g (gigm sac 53,5 5 w0y
aisS (alin b olep) iy slaools 1) Sl i
So b 2, Bl cazgi 050 ol piie i o
me S 5 T ooy T 4 a8 il el ey
sosls 0529 Ly sveols Glasin 51 S 0gd

. . . A\l ES .
O (Bl i (loj (Gl 4 ddloe 0ad jguils
|) Q—| C)‘?‘U O:v.‘)).Ll.g 9 ..).....»L’ asJllao QLo)’ )’1 s Sl
Al Ve ddlas G o e Glgie 4 0,5 (5.5l
b o Ohlew 1T S p el (See by Sbsis,
elegse by 1 graigis b, o Jlo Ve
oldlas o D] el aseisls olasl Gl seliw
=0 sl sl oy 5l (o iy Jdos 4 by e
cwlie slo s Juo 5l oolanl & Jlool o
. ) ) )
(ool S2 8 5l (S ey cnl po taBlies TS
Sype delicy loy g Heedle loy ol SOl
@ il S S Sley cdb Oladllas o N g FOWANES
o b anlllae 5l Tl 5pSo)lS pzen LYo
. 1 . AT .
rrat 0 SIS ojlgen was o 7, (B, o0 bl
0o ol coo el e e Glgie 4 ]
Sad oleys b auie (leye 3l gawell (g lew
),.,b Oleys sl @ Jlen peeal 0 0, 5 (5 ke
L s B,k 5l g wled (6,50,LS asllas 3l g ailds
oddlin glp 1) gy Jhizl o Glow 4 axg
o S ol il BB g5 bawgi Hlal o5 dlig

! _event

’_ time to event data

3_ survival Time

* _cencored data

>~ cox proportional hazards model
6 _patient withdrawal

7 -competing risk


www.SID.ir

) (65}]}:&-&_‘ E) Lé'“i) )LﬁT 4.l °5i}) Yoy

Has Ol 5 (S ke oKl aloms

ypa s Oyge a4 SOlE fade LU (ST Late &b
D9 0
(Y)

C(u,v;a) =log, {1+

W},a >0a=1.

&b 3 0 (Sawly bl g JST T ol SOas
a0 0y T obe Lyl il oo drnls LB Laie
V] ol 55 & yg0 4 Sl 3 Lade

(v)
r=1+4(-loga) ' {D,(-loga)-1},a >0,a #1.
G 5 Syge 4 (sles @) D(X) ol 55 o8
el Cote o d0e G K a5 058 o

(Y)

k px t*
Dk(X) = F‘[O ﬁdt

P ot BB el 5 selin ooy b sl
BT il ploy Cwnslig ol T oS o0
oloy il @Bl gy jgeilo ooy S g i
Supe a ) Wooly Ske a4 booad oanlis
&b 90 pizen eubs o ol X =min(T,C,S)
L, &=1(X=C) 5 &=1(X=T) “,Sl
LW s 2 o pite 90 bl Gyl
slpl; L as 1, gxn 5 PXNT Cdp 4 ol
S e buipe welig oloy 5 i @21 sl
(C L) T oonliv a5 w,ls arg (oo S oo ks
ooalie obsS 03b 5y ;o (TL) C b 9gde o
B, bl clge 0 1;C 3 T g o 1 00,55
L85 ke o

@) gt e e @l g sk &y
oS oo Ry R D0

seibo gloy g T wala ooy lp s wls @
2535 g0 iy ya5 5 Dyge & a5 4 G analy
MZW=A0e0ZA s weiZ W)=y OeoA)
al shs s w5 (D) degl o &5
L ey @ Jseme sloyall Pe o Bopaisls
wlgige b piie (nl wiBlbige XD 5 px1 ool

3. Debye function

O 5395 Lol Cowl eas Aty o o,lil YL o 45T LS
Jaie b (Voo A) 'Kix 5 Slo el s0p, Ol
r:l.?o‘ S ‘) (\‘H(b) Q,JS 9 s_iu) .la.wy 03 44‘)‘
oS el sla s o gl camlas BT S
Joe 4 puexs Bl 5l Slag] SIS Conl Laioly puons
Ll Guims ol 0 [Y] cosl axg LB LSS j9pien
poti Jao 5l ool b g 558 Olalllas gl 5l ool
oolazwl b (Y v A) Kix 5 Silo lawgs ool &3l,) ausly
030y o0 Sl 5JUT plxil 4 Jade polgs |
35ln 5 @loiies &l ot 5 (29, Gl ilwesly
ool R I8le i 5l agoas oo, S L Lozl
Gl Jow cds gilwand 5l oolaiul b aolsl jo L e5gad
PP Gl A pae 2B rimmes eosed oy Ty oud
2o olis Joe glayally oyl 5o ) il
Oy o hlam @ bgs o sboools dcgasa o
o WAL B OIYAL el boas e
dazlye Sgie sl 5 () @B (lapbis loy (55595551

oS oo Sl oo a3l gy 5l eolaiul b wilosges

SLETY
&b By ol jo Jase b 5l eolatwl 4y axg5 L

&8 &b &S cwl b Jate &b ifate &b
Ol o S slacile wls a4 ) om0 piienis
ol ol S cdate wlys (IS sk 4 oile e das e
G 5l e Ay pxie wiz boge gan e g
b o st slagis o> b oply ae 5l bl
Se Sl eis @b g st 1o Sl il oo @l 2
ool 2 Jate @lgs W WS oo Coad S8 a5
Lo [V] wsboo olml el wsg @l sl i
fomlos oo oolainl (gom 50 fate milgi 5l gaams ol jo
Sl 0 g axsb [0,1] 5L oV g U oS aus 53
2y gl lui ]y, Siwly a0 a5 ail Jase &b
55 el 58 IS5l g o1 e (L)) Jake 2
& TSl ke b ) ooliul @ 4255 b e 0l

el b 50 Ol (e

'- Huang and Zhang,
%- Frank copula


www.SID.ir

oL g (65U (B e

b ol s ol sl glaosls o 0F

pmled dewlxe |y all a8, cuwsl Xj oley yo pl
B B o Sl pladl L (199F) (IS5 S
Slp C Jabe ol bwy oad javie ply aje

S wsls olas > X
R(2LG=X) _FGHO.GK):A
BT 2x,G=x) -G{HO).GO):%

(T 24T 2%,G=X)=
Q])o as

C,(a,b;a) = Ll %a)

Tobys sl Jlosl aols JLs

MlS b g e (H 0 509 Olesa (P 5o Ol Sl
Zi g5 oS (nll oS (o)l axgs il ;0080 i e
50 2 Jy W)l 8 lasgls canly ceompe W L
W wiyls Lids byl slasysly o W g Z;
o 93 5 olyen 4 s milgy oS conl ol 558

YWY
C oo T sl sl o wiy oy @

58,5 o6 yaS pj g0 A

oo F(t]Z. W) =1-S,(t|Z,W) =1-exp{-A,(Dexp(Z,A)}

Aflpeoe olas B) L 1) §53G(t]Z,W)=1-R(t]Z,W) =1-exp{~¥, (D expW 3)}

Cewd S X G gley 5o pll o il jass a5 o>
obes XJ- aS 423 oo il Di(Xj) Ly aeo so
s Jl X > X g adbe pl | oo ualay

D (Xj )= Fi)(xj—l) - Fi)(xj)

)
J5o B 0 B ooz 3w el jeile iy
iz 38,5 3550 Toasme Jlexsl ol gl 1 cenl
bl Gl o 1) o jsuil g laaelins gy STy
1) aaly Hgaibo milg oo W o les gatihy 2B
w05 35000 1) aline miles g a4, ks weldny lgie

ly asliy Xj olej 50 o5 ol ol o6 55k &,

5 0,8 a5 ol Jleisl auly oo el 00908 cunlice

Iy 005 jomile alwsly Do @ € >X; g
QORCaeCox Ty RG220 _FGRNGOT
- RGXT=Y) FGRNGH)G

Oy oS

oC(u,v;a)

. Cu (a’ b;O{) = aU ‘(u,v):(a,b)
Sl oz eaiiSoly Ei(X) & oS S
ooges odalive |, dolicy X oloy ,0 a5 ol 1 Lases

Ll aeay cuws X aly Haadles ley o sl

E (Xj )=Q (Xj—l) —Q (Xj )

3 _conditional survival probability function

sC T slpewsiala olg R(Y) 5 S(t) 4S
i 4wl eadihs oy W) 5 Al
Parie Jate GBS Gl J il €5 Tl
G 5T ez b5 @iy @l @ el b C ol
il gaiadoe JB 5 &5

H,(t,c) =Pr(T, <1,C, <¢c) =C{F,(1),G,(c);}

0,75 1) S 0)90 asliy 08 &S Sy b (S )0k 4
e 4 bl wilise axly e sl aisl 00,5
A oo Cewd Gl 1) 03 o plad el cnnlice
syl Glee LT (258 )18 oo ol o
G ey 335 jguile 38 &5 (J)9e)s waling g
397 5l am delig bl pled (59, p SS9y ©)90
S92y > )3 a5 cunl (> nl 5 095 o0 @y
sl C3leShy Soge 4 ez @iy cnl ataly Hemile
Sl s a8 el cl ail s ke 45 g 555 oo
blis 55, 5 Oyp0 az a0l cul gy atily el
§03)5 o0 @398 395 51w deliy

=100 a5 X oS oyl bys Jlois! alss
597y OgN 9 G3gxe Dpe & odd e Sloj bl
X 1=L.,N ol o ol 0 s 51l "o 8
Slp o (5 (2T jpuile) wil oads jguils
I o,d a8 ol Jleis] qulys oo X >Xp aeliy ooy

I mass
2 _tie


www.SID.ir

[\ (65}]}:&-&_‘ E) L;"“i) )LﬁT 4.l °5i}) Yoy

Has Ol 5 (S ke oKl aloms

sDI) =1 weiSe 22 ]2 sl [¥]
K ol i 80,848 Conl gme pas cpl g Di(X;) =0
Yoy plei Ced 03,5 @z X ley 5o 1) delig oS
Sl 00l s ) 04>

Iy oSE adbpens Sio oleiiw,n ab S aalsl o
)90 dalden plgie @ ) atily jeuile a5 oy 1y
:rw‘-&,-» S Sse d i S o0 Sl )0 S

1S Qo enis)

(C)w) HL(C)w) Hl—[ Q(X)exp(\/\(ﬁ) }E,(xj)

HH Y Q)W)

sl oloy lp loiays &b LP(R) T o o8
398 Sobad Had iy o> Cgraldloe Xy il
pmled Jloel 1) OMhass (S (il alie &0 4
m s B Sl 1 QX)) Jlaie J<K gl Yyl
aly & g0 4 oS plio3 S (glp oS nl L 4 S
“ 22 QX)) =0 Lo J>T (sl canl oas il
oS ol T8 sl Ei(X)) iy azgidly Wlinplas
S (o0 (28 el oad jouile iy Sjyge @
E(X,)=0 5Ei(x) =1
Slookais & 5ls 55 Jiawe Slajguile Sy (izren
ppe a4 a5 ol 10 @y Sl sz 5 6,50
Gl S g Vs alie ol ond jguil i
w020l s R(G)=Qux) =1 wk | <i
syl ;5 izmes P(X) =Qi(X)) =0 )l
S A k] Pl i
0,3 a8 col Lne ooy ol g Ei(X,-)=D.(Xj):0
Gygeo Ay 00 cod Cewd 1y 095 0> 5l Jlade e
Slojgili g 5 0 90 delicy b by, (ol o aodls
ks 9 0980 0595 0 ST Jgene Joo aiilon Jitns
ods 3,55 (Fglite Oyg0 4 iSu 2T sl jgmilis b

= mass

&bl soess &5 S5z pleiin;d @l (B 4 I
Ceol S csliie glajlas Jow B3z sl
ST

Slojpe 58,5558 Cox Sz gl wly
5 Di(x)) Sols @y i sl gl 5 weli
Jlade o Jyere Slis plg DS » &5 1) Ei(X))
Jate @b wlol 2 g 0gde ol | S g o G
sl b0 e slp e S oo Sl load iy
b ol s & @S 2R el
Solig a5 glabis o 0 (2u,00 Ojge a4 oleive
5 P(X)) alwg 4 g dll falS wad o canliv
558 (nl GOd Lyge el e ool (L Di(x))
‘))-53%5*“%?)5545J}W¢JL>4J.M
oaalive |) Meliag” (20) 85 )90 4 whled oo ounlive
slral, oS8 ablhpess Siz aleitn;s &b Jo
S (o0 B p) Do 4 el

. I P.(X.)exp(Z-'ﬂ) Di(x,)
L7 (8) = | I{ o
Zk Pe(X; )exp(Z, )

C@-[15'0- [T T S2oPED ey

i Zf P(x.)exp(z'kﬁ)

Xj ol slr @letuys &b LT)(,B) ol » o
3P Goled oAb iyt ez Jlo adlies
JSK Gl Yl ambes Jlasl 1) edbass 55 G;.M,L
b 5 maS oo S SRl ) R(X)) i

el Koo paile oy Jlaaxl Siby P(X)) gy
K ol b paibe oasy o3 b J>K <yl X ok
o s 4z Wb LR (X)) =1 5)lke & wileioo o5
Gl 1 (Wloads b pe (0500 O yao 4 Slavlice o=
l, deliw X, La)jarallajsl—l N &S0 ,e
|) AALMM.: er‘ I OJ.S 6‘;: uJ‘)JL».J ‘o co; oo live
LG P(x,)=0 oyl J>T Gl ool 055 oalis
daling a5 ol 108 sy Di(X)) Gy o 4z b

Golws 5l eolainl gl 4 sl 00,5 w1y LS 040


www.SID.ir

oL g (65U (B e

b ol s ol sl glaosls o DA

5 358 il ilesly car 45 Col 55 S
R.2.12.1 1530 65 5l ol aalgs aslsl jo a5 o5lwans
ol 00l oolazul

Wassly

or @ Gileand loslinal bl poe cal 5o
oy &l Al poi Jao aslol jo g aSls y Juw o
syl Oloy Ml (22 (o) 2 Sz 1y Allie cnl o
@ bgrye (28l ool acgeme SG (59, p eliny o 5
o @ gl Sux &5 s Glbre hls lles
anzlye Sgio dal 5 (2 slagbin o (55915551
oS oo ool wilos gl

& iloanes 5l okl b s cal s issluaned
5 el 055l o allipass Joo 85 oy JUio
2 osSls la iy Sl estisad b ey
dcgazma Voo olaw ol jo Londl oo b el o)l
el leg g el loy PMaiwl bl oS 1) Ly ools
SYolee wlal 0 Voo poe 4y 00gd 185 o o1 jo
iz pmleioe g pelae slayally bl atie
pobue bl e b Sip Jaie g 5 el
wilse *A IS T Jolee a5 coveenes \YOA
3 oolaiwl b 1 ool acgemo (! wl ol solasl
SOOI IV S PNy

oS calite glo s Jue V7

T N R [ A N
clA JIasS 6 T Jolad Sils e 5 oS3
(O=fevoones YYOA)

O N R C- I JA IV
el JaS 6 T ol (Soadly Gliee 5 SO
@=-+/++YY\d)

e 5 b o al 3 ond Byes Jaa ¥
Y S 6 T Jolee (Sl Gl g STIS
(a=+/1000¥)

&0 el g JaS 6 T ol blsl s el 53 L6
soboly s Maple 5l 5l oolil b (S35 e
20,8 dwle ¥ oo\ Ly,

!_simulation

&b Bl peSle Goyb 51 B s B Gl J
53,5 3,910 5 4l resd ol (S glowin
L(B.A)=LT(BL(B)
Sladlbpress ply Sz gletinys @y & olsl
Fotre polie Jold sl (e 5 Cond 3 &5
W e P(X)),Q(%)),Dy(X)), Ej(X))  Osze
ool (soae sl ,S5 (g, Sl ey o5l
Ol so oS 4y (o0 ST by, 09l 0
A g byl Pliul (22 L gl al>pe @
s B oy welicy lp SB oo g0 285
s onysl ews a1y, BUGBY gl polio s jouiles
& sk Gy boadsl palie cpl 5l oslaial b s
ak e sl
A M men el e 55l |, (B 5 A
S oo By o
ipgd al>ye @
BB = S (O.R (M = FY().67() =
= P?(),Q”()= D®(),EL ().
oS B, B syl b 4 e |y L(B,B;) o
A hymgesls oLz BYBY L1, ol pslie 5 es s
b el )l dsaz slas gl p 5l eolaiwl b ipgus al> o @

A7 A" = SN O.R™ 0= F"0.67() =

= P™(),Q™()=D™(),EM™().

@ s 1 L(BB) olss iz dpe @
Lol o polie 5 008 meaSL B, B, layally
P uLw.» B(m+1),Bc(m+1)

b i,y pgw al>po a4 g MEM+L ooy al> e @
sl 1 dos ol el 3525 4 alSen &5 s
RO (50

&5 s AP () rezs b3 gl wlsien 0Ll o
omles 3,50 1, S(OLR() sla:


www.SID.ir

04 (‘55}]}:.5.3.3_‘ K L;‘I.M.ij )LﬁT 4.l o}_v_}) Yoy

Has Ol 5 (S ke oKl aloms

slo b Johice Jan opan & 1 b3 b 55 ot 4
Glwosly ools dcgeme pl 59y g WS el
o1 Be g Pslayelly 4 by sladyyly b ooges
acgozme (pl ddg Cgo a5 ol SO BB Lo el o
A5 Ol=v.oeeeven VYOA ke 31 Yoo oo 4y oolo
Oeod 4y g 09505 oolaiul adl o A JaS T Joleo
Pyl 5o pmlei oo adgi ools acgemmale s i
5905 caz 1 WS ceslie lojls Jao Jshite
ol (g ilwaad gools dcgaza Yoo o ol )by 1o

@ Jol> slosygly (Sl G pled s ww%t):ep{—()izemgp)}

oS s dmslome |, (MSE) as lagye (5o5ilio ol yo
2 Pl 5% )15 poe 5l e ol 5l Sua
Sybge oo o jsboles il ool
cliie glayhs Joo jo Pliul (25 )30 pae
Dghon (i polie 5l @S Bad (ool o WS
sl 0 0851 Al s oyl 5 ol gl (V) Jgaz o

L SOl ase a5l baosls a5 cpl 4 az g b anlol jo
4« Sty e o Sl b ciloass odgs 7=0.8
2 o sshiles erdlioe oleiiny (B, B8 oo
4 oad dylp slayally 035 e alixde (V) g0z
solie e Lo ol Soo5 s b T a8l laiia
S lize (slo s oo 5l oliisl 4y oeuis MSE
Uhey B saimsnlis mls ol el e 2SasS
2 5 oslizal b Jl ol b sl 5505500 (oolpitons
o g T= oY Jobee Sy lies s 13 e

% by @l asholie RSy Ole o3l 1=
a5 jphilen mumo o 518 sz 090 |y Loyl o5
T Slie) Samly A58 AT S iso 0 30,5 e ala>de
3,8 1,8 oolawl 5,50 g a8l plais! oloil 4 (Jluus
390y 4 by @ls o labisMe BB )l sals
3Bl Gline 4z 0 a5 550k & 09 eealss byl
olae 1)l Ol Bl i Ade (S
g walyS iy 5 byl (b

@ bgpe odign gl by hlen slaosls Jlod
slolo (b &5 gl gl 4 Mow le 197
s i 4 oloys cgm VYAA cyldd VYA
Alosged anzlie dgie wel 5 (z) @SB slapliw Lo

syl g aeling ploj atily sloprie adg og
IS Jins poite 93 Waodls wlgi cur 25 26
CSES @i 3l ey 0 Jlel b Jsin @y
&9 3 eolaiwl b e e led oo b)) (<OD) o3L o
g weliy slapley @ bgrye Glacils slagjss «els
fopglise Cowd 4 5 Dyge 4 |y s a8 il
ot ol &ly

RO=ept-03eqlB+4A}

B,=0.5,=0.1 B, =0.6, ,, =0.3 ol o8

a SSlys ke ab jlesliial U1, Co T plys aujer s
:M.‘OO;W ).:) Ca)yc
(aF(I)_l)(aG(C) _1)}
a-1

S i ol jeile 5 seling sla by ady cux
Jate (asli 5l oolawl b wasdl cod Jois )50 5l
Al oS oo Joo 225 &j50 40 SO
prleise g (0 5)) SISy mses
0 (oo )l 3 ipgs al>pe @

Vi(a—1
(-1 |

v +(1-v)a"

J(t,c;a) =log,, {1+

v =log, {1+

gahaly) 0 &S Vg U oS @95 @y e
Ol wdlais 5 WS o oo SR Jake b 4 by
Ja.g‘j) B QO‘») )‘)5 L: 9 o¢)5] Cawd A ‘) R(t) BS(t)
25 osge a o o bt pos pslae (28 L5 (TAY)
t = —2log(S(t)) = —2log(R(1))
¢\ exp(Z,5) T expW/ )
(+e 0) ey @5 5l Si dola st (nl 2 ogdle
b irlnle pmleios 09 S Houile oloy Cu |,
Sype 4 Slalie Cul) jeeile S 4 4z
ool 1B 51 ey ais 5 e iy s X = min(T;, G, S))
Ol 00,5 Sy g ools degame o 0 b pate  olod

Oy (SO Dye0 A Xi Oley ke ol » Lo


www.SID.ir

oL g (65U (B e

et ol s ol by glaosls o #0

5 el slagley gl Pliul (58 )18 poe
ailse sehe iy (BT gl 4 bgye slagle;
s 095 BB (nl 5O oy Oyse Lot 3l (S
ailes hlew a5 all s (age groups) Lo
WJlo YO 15 05,5 90 @ [A] aue 40 0,Lil 5,50 anlllas
D53 e in s JLa YO (gl b 255 5
U”L‘“‘ » u‘)L"-‘-’ as ML:@ (BMI) N 00y ua>‘.w
Sk b ghile heg oad (G L
sl s ay 1, Yo 5l 5L BMI L o3l a5 "(WHO)
5V 5l a8 BMIL 055 50 & a5 oo (Byme "3l
g 500 pexie [V o] Wod S Yo ggle b 355
09,5 90 o ollew a5 cul (stage) )l d> e
FB s ot a8yt Al pe 5 asl a1
shls hlew (maste Koy Hai @ azg b el S5
&olows Ay al>ye s3> ITIC 4 1B (IITA =10
Osh sl ploy Soe g Aty pate i8S M8
S5 B o oad 5l55 ole 4y a5 ailos "5 lom
)M w“ )L.\.QA 0L )WL‘*’ u‘)Lo.u Sy90 4O aS !
asls Hl3 adlas o 0,8 a5 ol Sby Saenly

. Gl
g dbiy slagle) e Plial (88 (wjp o>
Joe 5l eolatul b isu a8 jeiile 4 by e slagyle;
ol @yt iy Comslad BT plogl 4y aily g
5 sio yolio b JIauS T L g U3 fake alijl skt
5yl e Blsul 0,915 sl ol samlie Ll
-P el eads eolainl 1,SG LY Lo gle lo Sogs

i o
(SE(,B)) S b opl 4 axg b bl

Al ool goli] axy0 S Lo (S5 oae b
Sy 4 aiie Jol o 3150 ples o Lias ilonys 5

* _World Health Organization
> _obese

6 _early stage

’- advance stage

$ _disease- free survival

4 3959 bl Jlan OO &S S IE w090
e bl a8 caul ()§8 BB wis S oy 1) asdlas
0595 plasl pae loy (2l poe 5l Wog &l adlllas
Solo IV al> o o cpsls J18 5 LS jsbo 4y (yloyo
ol Sligl ha oley ol oy dalllae g4,
Sl 5 ol YA oLl 6,8 oloy Sae el
s ol Lol Gan asbice ole VA o L
SIS hlowr ilom s by » BMI b o
& @bl jhcwl plaal gloys 5l g ol ol
S sles o Yd)lﬁ-.t-.’ a>yo yzmen Jolss S p
W aslse ohlow sy, 52 0dd a3ld e Jalse
e GeSle 1wl 0000 5 aBll Jae & s b yaiiie )]
il oo Jlo MNFD o] Jlxs @loul 5 Jlo FYYY ol 3l
5 Jbo VO Glow cuigloz Jlo TV 5 o3l G ails
BMI (:S0ke latals o Jlo A 55 Jloy (0 5 0ae
oo sl DY 505 o1 Slre Glsil 5 YVFY ol3l
Ve ol BMI op S YVYY 55 ol8l BMI
2 ohles 5l oo ,0fY il o OFAY 55 o] o piieng
2o, ¥4 g AIB g A 51 J>1 ) (5 ke adgl al> o
s HIB « A J>10) (5 lew aib iy a0 0 5
asdllas ;o ool 3)ly slews 00 Slows 51 .asyls L13 (HIC
Sy90 dolicn ol 4y aS wlarils v\)}c 5510 slows
oailesily i FeA olaws I osd e 4 L Lo Lk
A olil Gl cumsg Sl a8 a0 00 ol
Sap b6, dalol 5l canl oogu delue oy
Gl S S azg b el (spaos ledged (5 lo0s>
S e iy i (2T jpeile plyie 4 1) o8
oddline Cuxdg oyl 0 50 sdileddl a8 YOV ol
bgye Olaslin a5 wlosg gaclun Lyl b slls oud
sl b edbl g jemile lae 4 Sl Gl
3 eolatnl el oy 0ed o a8 S i o s
o A Ll s SIS canlite sl ks Jas
S psl oad jguile Claslie oled 950 ,0 JMatwl
s oo Ol (30 jemile b (iu ST il

' body mass index
2 -stage
3 _relapse


www.SID.ir

2\ (‘55}]}:&-&_‘} L;"“i) )LﬁT 4.l °5i}) Yoy

Has Ol 5 (S ke oKl aloms

4 azg b aelol jocuadls piae LT (53 sl
conlite layhas Jow 51 lgs e odel Cawsas b
lanl oges colazwl osls jin Jdow cyz (WS
Sooslosily ol 1 1, ales 3 cslite e

4l Vaaf Jlo o VL:J')55 9 Y&‘““; by &5 S

g oo Aamde a5 shilen Cawl o 48,5 L s Le
3 Sily Gl et el Cews 4 @S 4 425 b
Sl o6l s A ply JaS T B i
3 0yglp Ol Oliis g il it (sl pite
OlF e odel Cuws 4 wls @ axg L cwl 52U
2 S clie gl shs o 5l Jols slas,l s

@B slo oo jleslaiul 5l ol> bl anglis 1) Jgoo
(n=200,T=34.5% ,C=51.5%,5=14%) - A JlouS sl L SS1,8 Jade b : bosls adgs oo,

AL o JAo Wil pend Joo Al pexi Joo

. Ju
L Jaio &b b Jaio &b b sl yhs Jow R
Sy Jato 6 a L SlE AL oY el ",
T= ’/’Y L” T= =
MSE éﬁ MSE i MSE i MSE i é« =
x-—‘R 1-3; 1-3; .-3; i :1
ay ay ay ay .
’)'\ ’)’\ ’)’\ ’)’\
ATAA <Y AT +/¥a [+Y) <IfY <IYA < IYY? RN 1'3
<[+ ¥Y [+% [+YY [+Y [++9Q AR o[- OF o[+ OF <1\ Br
AN «/YY o[« AY 7Y [+\O 7 AN +IA¥Y 4 cIB
[0 <IYY o[ \A <Y\ [++9 <Y RN JARA <Y B
c2
s 09,5 piie yiall 8551 a4y gy e @l Y Jgox
T=+/A T=+/0 T=-/Y T=-
—+I¥YA —e¥F) - [YOY NS ol 5590
“IYAQ AL\ AR <IYF4 sl Jhe 3l
— VA —L VYV - JVSY — - IASY bl 03l oty oS
«[+YY LY ERTA <[+ OA AR QL;.:AbI o)‘b YL Ql;
<[+ YY L «/+aY) <\YY P)lm

L proportional hazards assumption
% _Grambsch
? _Therneau


www.SID.ir

oL g (65U (B e

et ol s Llew sl glaosls o £

BMI gl s ysl)b o9yl 0 bgryo gl : Y Jgo

© T=/+A T=-/0 T=+/-Y T=-

AIYOV AYYR -IYAY AIYAD el Syl
NEA N VY VAN Sl e G
RV evE AN N2 el 0L iy oS
“IVA- NI /774 NAZ olabsl o3l YL oS

<\YF o[+ AT <[+ AQ ARTA P)LA.ZLA
Solo Al o e yial )y 8,51 4 by e @l ¥ Jgor
T=+ A T=+ 0 T=+ .Y T=-
.54 . fay - avY - 00F RIS
SAYY aYE T APF el e G
LYY SXYD LYYD LYYE oliabl o3k il oS
YA - YOA -MA - YY olisabs] o5l YL oIS
Y oY f A P e
Fog Sl 5l S5 e 5550 50 s 105 cenliie (9031 S B Jga
P-Value solyl as o (59 5 uge;! o)bel Joetes
AvE \ VAY - A & Lo Al 1
CATYY ) C0)) o BMI
- YESA \ YF1D s 05,5
aibege (Bl Jae ;5 oig iy pl5 4 o5 (Bg; ell 1 a5 le i F Jour
i _ sl .
Exp(B) P-Value o3l a0 Al o, L] B)oylp JUeos
5 sl
VIVYF ol \ V< /AAN AYAS N S )lows dl> 1o



www.SID.ir

48 (‘55}]}:.5.3.3_‘ K L;‘I.M.ij )LﬁT 4.l o}_v_}) Yoy

Has Ol 5 (S ke oKl aloms

aile ol (Sl Joe 50 0digping a5 4 o5 (o9, bl 2 &5 pile piie (V) 9o

P Value df Score
FAYAN \ AR zbw BMI
AR \ \/FQ - e 09,5
AR \ Y/’V’ CJa.wBMILSJ.wog)f%Ee
<IA¥O \ «[+YA & slow Al potit i 09,5
ARY4 \ \/EVY o BMI (g los al> ot
AREA \ YIYTA aw BMI i 09,55 6 Lo al> o

b S5y ol peoele Y] wilico bosls ayje5 JSo

gl Dlaalice Gl JMELL] (6,8 4S5 9050
syl oo pulul sla (5,8 51 (S a5 waliny
aald Cul Saw w185 il co SIS el
a2l 5l Ol ol el Lo el Sysly =)
Seliy oloj g Hgmil loj Gloe (Sinls ez 5 ()l
oy S b conls U1 alosl 1A sl b.i:....)
Joe Zo5 2 Koly Ol Dl 51 Jol il
sl oo mls g)lul b (J5)le 40l o oo
slopley ol bLi)l az o pets Ly (S cenline
Sloslaial b b pled oo (o daling Gloj 5 ol
Gos 4 ) 0SB bl (sla s oo« Jaie g
il e Blighgpgas Bl (Sl 45 0pls geess
bl 5l (S 0Bl adlyiogs Jae o welieg 5
“g55 3 O s & Sl el ko il 3l eolizd
s 4 1) Slaalis algs w398 aulys oo slarils sla
Oos] Sesday Sz oS Gz Sl sty s
Sl jl sl oo colio dalin g jomilo el @595
S5l 30 2l o) o Jate @l ool Sl
Jate &b 5l Geiod cnl o Lo 1A 0o )5 e Loyl
IS g6 i Sl abozr 51 T ol S 4y ST
acgozme ;0 [V] mroges oolatwl +) B =) polie oy jo
b &5 Gl Gy Gl phlen 4 bgye slaosls
eSS s 4 VYAA cold VYA el

Qs"’)T UJ‘ |DL‘>:.:‘ = [\ \] ol rbL?u‘ ‘) Cw] 00
-oler. msed oolaiul R J1581e 5 Js cox.zph jgws
el (B8 95l o0 oaalin (B) Jsuaz 0 a5 (5 5k
B mhe o b ysie 5l plaSone 8,50 )0 byl o
alE a BlS 3, 5l colaiul Loaslol jooed e o,
LgLCbJM u.)l?w‘ £y YAHS u}x:)T 2 (s \°-\‘5]~w-’
= °9)§ ‘_gl.b).».u.a ‘\.\.».)‘ ) M)lo).:b.a J.D.».m.a
al> 0 (BMD) (o 0045 o>l xhauw (agegroup)

w b ol blase ol olen 4, Joe (stage) s lew
Lér—‘ GOM] Cawd A @Lu uuLw‘ » MLNQS" \))‘5 J..\.A
lesn B Jao 53 (5l Al o e

el glayhs Jao olol 2 3988 @ls 4 a2y b
M S hle sl o ilen Al pe Sl s S
Wbyl al>pe ;9 Gilew vl A5 6,0k 4 ol
ks 513 leys 85909 adls 3 (5 Lo

Sheslatnl Ly slaosls Jdow sla by, oy izl 5l (SO
oo @y BYs il o (S cenlin sloylas Jow
s iy e Sl ool pyzan 55 lse by o
@ (Sly pac 5 00l jguile glaosls Sledbl 28 5

! _stepwise forward
* -Wald test


www.SID.ir

oL g (65U (B e

et ol s Ll sl glaosls s #F

saze Jalows 4 ST caslie (sl Joko ) ool
el Sl

S enlie sl o 5l soliul 5 ol gl
@ 0 Hhlen sl o g)lew dl>ye J*‘L’ ol
by o a5 @l o gilen s Sl 4T (g9
wlasls j13 6 )ler atdpiny al> o )3 (S)low arFts
o sl maieis o) 5 oS sl Lo plp VY
et nlply lasls 13 g len adgl al>pe o
5 Ol Sudse 10 (cage (BB Ayl ol )3 (55len
2,106 slows 24 pas

oy g S

Sl o)l gl )5 Slidions el (L Jool> allie o)
gy p e Sglee 5l GBatmg L WAL oo (S
ol Szl sle anpe o5 spie (S psle oSl

ipled o S8 g o ol egad 5 1) el
References

QA u.\ﬁb}g 009.4;.; d.’_‘>‘).n ..\.Ho‘ 9 (GC) f“jb 6LQQLH..:)L~.'
S b o) e aalsl 51 Gleys 5l s e 51 as o
Joets S omyp 4 azgi L a5 Wog 0d9ed (5 k0355
Solow 098 Jlix! Cundy aastie Sy lawgs sl
ooy ol B 38 5 180 o b ol s
&l 255 3,90 S (nl 9550 50 waliy (o) 5 5l
sl ol 35T 4o ool ot 1] g, b eplpl
s BMI zhw (o 05,5 sl ,sin pga> 0 Jow
BR Ly ead bl By 5l eolital b gylen al> e
3,910 5o ol Slilug pas soimaslis bl esdges
L ssr o ol A1 s siannys e pie 55 5 ool
Jolo @l aSimans,) e Gl 4 0)lse (nl 4 axgs
o o WSS Clie sloas Jos Uil

L Pl 5 sy & ey bW sl S,

1. Kleinbaum DG, Klein M, Survival Analysi A Self-Learning Text, Second edition, Springer, New
York 2005; 1-42.

2. Cox DR, Regression analysis and life table (with discussion)', Journal of the Royal Statistical
Society, Series B 1972; 34: 187-222.

3.Huang X, Zhang N, Regression Survival Analysis with an Assumed Copula for Dependent
Censoring: A Sensitivity Analysis Approach, Biometrics 2008; 64: 1090—1099.

4. Kleinbaum DG, Klein M, Survival Analysi A Self-Learning Text, Second edition, Springer, New
York 2005; 403-407.

5. Zheng M , Klein J. P, Estimates of marginal survival for dependent competing risks based on an
assumed copula, Biometrika 1995;.82: 127-138.

6.Zheng M, Klein JP, A self-consistent estimator of marginal survival functions based on dependent
competing risk data and an assumed copula, Communications in Statistics, Part A - Theory and
Methods 1994;23:2299-2311.

7. Nelsen RB, An Introduction to Copulas, Springer, New Y ork,2006.

8.Nelsen RB, Properties of a one-parameter family of bivariate distributions with specified marginals,
Communications in Statistics, Part A: Theory and Methods1986;15:3277-3285.

9. Fazl alizadeh A, Hatami A, The effect of reducing the course of radiotherapy after mastectomy on
rate of local recurrence in breast cancer patients, Pejouhandeh,2004; 9:209-214[Persian]

10. Available from: URL: http://apps.who.int/bmi

11. Grambsch P, Therneau T, Proportional hazards tests and diagnostics based on weighted residuals,
Biometrika 1994; 81: 515-26.

12. Kleinbaum DG, Klein M, Survival Analysi A Self-Learning Text, Second edition, Springer, New
York, 2005 ;83-127.


www.SID.ir

Journal of North Khorasan University of Medical Sciences 2011; 3(Biostatistics & Epidemiology Supplement):65

Analysis of survival data of patients with breast cancer with Cox
proportional hazards model for dependent censoring

based on copula function

Shakeri MT*, Ghavami Ghanbarabadi V*?, Esmaeili H*, Gabbari Noghabi H?,

Homaei Shandiz F*, Baghishani H°

!Associated professor, Department Of Environmental Statistic and Epidemiology, School Of Health, Mashhad University Of Medical

Sciences

M.Sc of Environmental Statistic, Statistic Management and Information Technology, Mashhad University of Medical Sciences
3Associated Professor, Department Of Statistic, School of Mathematical Sciences, Mashhad University of Medical Sciences
*Associated Professor, Department of Oncology and Radiotherapy, Omid Hospital, Mashhad University of Medical Sciences
®Assistant Professor, Department Of Statistic, School of Mathematical Sciences, Shahrood University

*Corresponding Author: Shahid
Fakori Square, Town Of Danesh and
Salamat, Management Of Statistic
and Information Sciences, Mashhad ,
Iran
Email:ghavamighvli@mums.ac.ir

Submitted: 2011 Dec 14 Acecepted: 26 Jan 201
Abstract
Background & objectives: In the common Cox proportional hazards
model one of the basic assumptions is independence between
censoring time and event time. In clinical studies, when censoring is
caused by competing. risks or patient withdrawal, there is always a
concern about the validity of treatment effect estimates that are
obtained under "the assumption of independent censoring.
Introduction-a solution for checking the assumption of independent
and extending the Cox model for dependent censoring is useful.
Material &Methods: To achieve this goal, we use copula function
and extend the Cox model. This model can also perform a sensitivity
analysis for checking the assumption of independent. We generalize
the likelihood function in R software and estimate the parameters by
using a iteration algorithm. We apply the proposed method to the
data of breast cancer patients at Ghaem and Omid hospitals and
check the independence assumption.
Results: We show by Simulation that this algorithm works well and
show the effect of dependent censoring on estimated parameters. We
apply the proposed method to the data of breast cancer patients at
Ghaem and Omid hospitals and show that the independence
assumption is true.
Conclusion: Not assumption of independence causes bias in
estimation in Cox model and the bias is dependent on the degree of
association between event and censoring times. In dataset of breast
cancer patients the primary diagnosis is an important role in Success
in the treatment.
Key words: Cox proportional hazards model, sensitivity analysis,
copula function, competing risks, breast cancer.
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