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Bootstrap Confidence Intervals for an Adjusted Survivor
Function under the Dependent Censoring Model

Seung Yeoun Lee!) and Yong U Sok2

Abstract

In this paper, we consider a simple method for testing the assumption of
independent censoring on the basis of a Cox proportional hazards regression model
with a time-dependent covariate. This method involves a two-stage sampling in
which a random subset of censored observations is selected and followed-up until
their true survival times are observed. Lee and Wolfe(1998) proposed an adjusted
estimate of the survivor function for the dependent censoring under a proportional
hazards alternative. This paper extends their result to obtain a bootstrap confidence
interval for the adjusted survivor function under the dependent censoring. The
proposed procedure is illustrated with an example of a clinical trial for lung cancer
analysed in Lee and Wolfe(1998).

Keywords : Survival function, dependent censoring, bootstrap confidence interval.

1.4 &
REENAN BFE AR FEd 54& AR YR o FWHA VIHIXA ¥x
Aotk ol® Eol, AYVAE HoZ ABsE JFAFAA

$, 7ol ATIzke] FRHE ARAN BT A B3
FAE FAs EE o b AAHA ARE Adte] FE @
g5 AfolE BAS) AEARE SAAA 2T £7b gk oAE B, BAI} ATy
el FRAMOY, BA7F FE SR AAAA FRE APHTE Ba 4BAge] PoE
249 ANE AE & 7] WEO] oHF F9E FEA(censoring)F AT AL B o)
2o gsRoll BEHE AEARE FEUVY ARE TP A2 odE AEBE

—

(<]

=]
+
)=1
+

He

1) Associate Professor, Department of Applied Mathematics, Sejong University, 98 Kunja-dong,
Kwangjin-gu, Seoul, 143-747, Korea,

E-mail : leesy@sejong.ac.kr
2) Professor, Department of Applied Mathematics, Sejong University, 98 Kunja-dong, Kwangjin-gu,
Seoul, 143-747, Korea,

E-mail : sokyu@kunja.sejong.ac.kr

- 127 -



128 Seung Yeoun Lee and Yong U Sok

Mst7] g TAHQ Ry Ee] Hasi

AEARAEE FXT 719 dRE9 SAA-A FHEL WEANDT FEAGA L] FAEH
o2 Eyolgte 7IEAQA A solA AU ol AMME SHWA  7H(independent
censoring assumption)& FAIHQ] HHE FEHoZT {Fxdlr]e nl¢ FL&34H Y2 WHS
Waketztol] o]ttt zefuh, AAHA @AM AN EYPA S A AHFgEA 2=
& 4A ZolE F A dE 5, dd#dAY AN FL AV E AR50

F2go g A7 U FE 8F3te AT AE A, ol AMyo] AEAY F
olgtxm 7FAslL FAXH F£E v Re BFEkx] &

Klein and Moeschberger(1981) AE&EEA A 713 Bo] €85+ Kaplan-Meier &8+ F
Aol MM HHAY 7Hdo] AHEA de A5 HIFAFo Hu AL UFEAA &
coe AL HHY. o9 Zo] URE AEASEN FEHE FAH PHE AME =
HA 7HAel ZHo] oE3a ez YAl e FAAI FES AV HsMe $AHe=w
A H Y0 7HA o] JFFAE dolRe Re] st

aelu, 71Ee] AESAARTORE AAY SYAY MAL FAYE & gode Ao] Tsiatis(1975)
°5}°4 ZYEJeng 4539 Ty A3 AFE ASADY AMY A AFR T o

291 7} stollA o] FojA strd. H, Lee and Wolfe(1998) A8 YA 71H L H)
102 AARAY & Ae PHE AXEHed o ddAe FEHGE A8E ey F
2 Aol YEATNY HRE Lo oA LI, 7€ AEARAA ST

2212 0.2 F 23t BEE AESAIZ B FIHHQ HRE wBoZ AMY 5YA 7}
AR Wolt, ol#dt Mo B dojx & AREE 294 FE9Y(two-stage sampling)
1 Aosgioen ojgt ol Aol AFd Coxe AlFFES &9 H 23 (time-dependent
proportional hazards model) € &3l 230} HAFAZFE 4A F=3dh

T3 MY 5HAY JHA e AFEA e A $o Kaplan-Meler &84 FAHF] HI)E B
Aty st 2L AEFTF FAFES AASAEY o] EAFA % (adjusted estimator)& 4] 2
AR H YEZAE sl FEH AHoltlh Lee and Wolfe(1998)E F£4Q =& &loA] o
BAFAH o] Kaplan-Meier 3 %9 H7IE w9 2 HAPTdE RAE A3z gAANExE
A F BoAFAT ey, o] BRAFA A i F23 0 EAib(asymptotic variance)ol]l #3t
FETZHGo] o]BHORE oygy] wFEol o] FH ‘ZH A FHE IS 77 A h

2 =dAe FAFY BFAE oJ8HoE 5T ¢ YUv dgeE R2EY AHFHEAA
3te] o] RAFAFF NIHEE AFEHA gl Lee and Wolfe(1998)ol A4l A &3t wl #H g3
2ol AR il BAFAH O 95% R2EFH ANFHFE T A Bl ATFE
53led X3 B AFdE BHoFux o)
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< AAsY] AdAE 1] AEAEd VY FERTMeozE Biwdde
7o) Tsiatis(1975)ell o3t SHAUG. webA, ASALF A PAIEe] AgEE 38 =
T2 ARG ol &t FLHHA EFE st ATV Bol ol FoA . Iy HESFH
oz AME SHA HHE H#AI7]) Y8+ Lee and Wolfe(1998)= FE=HTE AR didhd
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F713Hd ARE dv WHHE AAEAT. o] WHdAME ARE 29A HA F2
29 A K%?—%%“ﬂﬂi}l A ol g},

HA 1AM E 71E BERESYG Zo] ASALT MM Az Foll dx BZHE A7t
A3t AE5E ded. o] S, FEAYE AEw IA F A9 A¢E EFE £ 9. F
AF7I7kel Fgel dalM FEAGE end-of-study AME o2 EPA 71A A Yuig A @&
= A9 A3 FEA €2 lost-to-follow-up AP o8 =HA 710 YJuis7) 4
BEE s & Ak He F AF TN FAHLZ €AY A HulEE lost-to-follow-up
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2Ae] TEFZEANAM lost-to-follow-up TEHHE A7 HAAE F3 FAeE AL AR o

2y AAHor g2 Aol Joernz HA EEY dRES R F&£3I4 F3H AT
AAZ FE3s E29 A7|d BeAdME FA E2 A7|e FrEdd v o e AAY
g glom olo # AFE Lee and Wolfe(1998)ol AAZH 7 BAEsle] A gl AHE Fx
g+ Ao

3. HANAIES d=2s FEEY AN RAYFAF

wA (T, Ci,Ey), i=1,2,- S AEBAT(T), FAHLZ FTE£HA AMY AT
(CH3 124 AFtFEs A 5@“4"1 A g Az (Eu)gl AYEZAM FE29 X Eolg
2 g =¥ X;=min(T;,C,Eps 6=KT,<C), i=1,2,>,n & B3 ATH} AN

AAGsen &k 2 194 REFEL BT X, oA %fﬂ} Hi 294 EEFELS 2

A drFa A SHHA AMP AL Ey & FHAHY FAHXRALE HeAY 47 E g

e AANESF g o g8td ZAFA. o] B e (B, Epne S¥€Fc)gx 7138 &+ Qo

1AM FEEdEA] G BESAT] GASA BFH Feode 8 Fol 12 Ao

£ (B Ene (T,C)% sdolgtn 7HAE # v 2d4e EEA=A disd
W=min(T;, E;p)& Aestd 2840 24 o Are Wi=e;min (T, Ey)+(1— €)X,
2 BEAY U

olAl, he I Te F&£AA EYS nRA.
AHIO) = A(DKC=t)+A,(HDI(C< D),

A7 A (D) B A () € 27 FEHA AN olWH o]Fe) HUET WD, 2ARH
APERE AUIOE I(CCH o daAT ANANZ C o] F&H o] Aok
AolN DA FEAY B A-FEHA FHF () =(CHE Astn 55
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ACUICO) = 2(D{IC=t)+ K C< exp(B)} = = Ao(H) exp( B 2(1).
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SAA Feddd
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L 34 AEFFE FE

37 sl 1979 ATER
2E ARSE 29764 A3EE £ AGT AHHEA. 2dR 2
@ oA Fol weh et 2ol ey & o

71+& Ey=ccdtn 7Hgskat

So(® if t<C

S7c(t) = So(O [S(B/S,(OVI* if t>C

A7)H k=efoz FEHYY o|Fe HAYES vebdch

Lee and Wolfe(1998)= o]zigt vy FTHEY dlolA] A& RBAHFA F(adjusted
survivor function)g &% $=&dch & S(H=1~-F(t, §(-), Belx

Bt S0, B = ZHWS D8 + (1= S * = S0 "1/ Sy (W) <}/ m

ot o7)M W= & min( Ty Ey) + (1— e)X; 013 184NN SEABHJAD 2849 =
HzAtel UgoR BaA FE AolE 8 =00n 2 delx 6 =12 Aeldrh

4 RAFAFY REEY AATD

HEAEE 73S was 4530 2y oA 73 RAFHZ 33 2™ 24S
X0 fFx37] AH7] Wil E— =R e Ugte g BAEAYY L AAsux o 2
EY AZ7RE 73] Hstd M dA FE ¢ de 98 A FNE FEa A EE ol
ATE st T3 E(Coverage Probability)S F3t% ).

Efron(1979)e]l o]3t® R~EY #HEY N7 Be B2Edxg & - 1P M43
o RAEY BEZ F(H=g(x"") ,b=1,-,B & 7Fat %8 3 (b) o FEe Fe

a%H 27 AU2 Ydstge W, 100xe BEAS F3 Hn. GE 0 o FARIYS
%o @ %3 2 B stel
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-1 -1 . «(a/2) *(1—a/2)
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n=100, m=>500, B=1000c1 W& Rz, »n &
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¥ 2 F5 YEd & FF87] At 19A0M FEHdd B2 FlA
2P A FHtE B FELES p,=0.3, 0.5, 0.7 o= AHA FEFI= FTTEH BA
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Table 19 Aol ooty FEAG St #8o] ALFE LFE0] Fopt Aol
S itk 598 50% ol el ARJ FEAW W Aol kgl A A5l ol

O FIan e ¥ £ A 2o, g b @ Ao THEEE A Wxd FoE
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Table 1. B2E NI F09 5% LT§EHE
( n=100, m=500, B=1000)

k

bs be 1.0 1.5 2.0 2.5
0.2 0.938 0.946 0.948 0.960
0.3 03 0.942 0.952 0.956 0.932
' 0.5 0.940 0.924 0.932 0.932
0.7 0.922 0.924 0.924 0.938
02 0.934 0.954 0.954 0.956
05 0.3 0.942 0.954 0.942 0.936
' 05 0.918 0.914 0.934 0.930
0.7 0.922 0.914 0.926 0.926
0.2 0.944 0.952 0.950 0.950
0.7 0.3 0.926 0.936 0.936 0.926
' 0.5 0.916 0.930 0.932 0.938

0.7 0.904 0.914 0.916 0.906
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5. <A

2 =FoA A RAFAHG] RAEY ANFNY] g&AAS A A5 Lee and
Wolfe(1998)ol A o} Q183 &A1t HY A ARE AAZ B F1ux st o] 25
+ Eastern Cooperative Oncology Group °| 93t A8 Y4AE 22 inoperable carcinomas
714 6199 #HYg $AE0| cyclophosphamide o2 X8 & ¥ Fo| FEH APEA|0o] #3
AFoltt. Ayt vt ¥ 33w A Algdtm 289 AU AT U1z TF Fde A
717 AAZ A B A3ty Fx €Fdte A 2ASATG. ey, T 2FE 28
Be] gztol] 3 AEAIZEO] FIEAHQ FHZALY ojdte] SAFA BEEHHT.  Table 29
Al YEld A o] 3339 x50 disiMe 1940 #EE AEAZF) 7] 2 F YR g 289
o] F}AEL T AT ol 2vAgA FEE AEAL E35 <t 7IEFH Y, &
o, 13 A T Add ARE FoA dog=

5%, 10%, 16% 9] #AE F&3t 25Y AEAINE o83t AESAZNY RAFAHES 4%
T35ttt Table 2 oA 10%e] 29 A$o Haled FE5E ARES +2 EAA

Table 2. Eastern Cooperative Oncology Group o &8t |78 JAAFe 619 #HY
gzre) AEANY FEHG AL

S 0.43, 2.86, 3.14, 3.14, 3.43, 3.43, 3.71, 3.86, 6.14, 6.86, 9.00, 9.43, 10.71,
%5;117} 10.86, 11.14, 13.00, 14.43, 15.71, 1843, 1857, 20.71, 29.14, 29.71, 40.57
I 4857, 49.43, 53.86, 61.86, 66,57, 68.71, 68.96, 72.86, 72.86

0.14(3.00), 0.14(12.43), 0.29(1.14), 0.43(17.14), 0.57(4.43)*, 0.57(5.43),
1.86(12.14), 3.00(7.86), 3.00(13.86), 3.29(10.57)*, 3.29(34.43)*, 6.00(7.86)*,
6.00(38.00)*, 6.14(9.29), 8.71(20.43)*, 10.57(25.00), 11.86(17.29),156.57(21.57),
16.57(45.00), 17.29(24.14), 18.71(29.43), 21.29(26.71)*, 23.86(29.00)%,
26.00(53.86)*, 27.57(49.71), 32.14(63.86), 33.14(99.00), 47.29(48.71)*

28 9
TEAGANT

* BAlE AREL 28ANA FEE BEE YERAT

Table 2¢] 2t8%E ©]v| Lagakos and Williams (1978)ell <8t Bl 74L& w3 F
A AMERFoZ BAHUT I & Lee and Wolfe(1998)= ¥ E 42 239 HAAEAZ
Alg3te] E@ 3 AAgrtAel gudnte A Wi, HHAEHL FEHEY oM 2F
A T3t 7|29 Kaplan-Meier AEZ A3 vl wstge. o] A59 39 619 FAE
3 AEAIZbo] S ASA #EHJorZ HYRH AYER E(empirical survival function)& +&
gt 2etAd A dogz FE2@ FESFVF 59, 109, 1699 dEte 2+ Figure l.a, Figure 1b,
Figure lc & Zo] AgA YSEEXIME Kaplan-Meler FHZF7 A FAFE vlusd A
BRA FALFL AP PYEE XY o9 FAR ZRE Holxn oy Kaplan-Meier AEIA

4 e e g P
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E Ao M= Lee and Wolfe(1998)7F T8 BAF A= it 5% Z2EYY AlfAFE F3)
o] Figure l.a, Figure 1.b, Figure l.col Ztz} YERUAT. Figure la 9 A $ols BA45:AH

28Y NERITE HaFAHSE BT Wt R2EY 2273 Fgtel Kaplan-Meier A&
=M gtEo 2L gES ZE dhH Figure 1b ¢ Figure lc Al E 95% BE2E 28T

7+ szt Eo] RE A o2 Kaplan-Meier A —@4:.'—1‘194 HEFH HAA Jvd ABHoZ 20A oA

22He BRFVE 204 AR BE ASE BAFARE WS PN AEPEE T4
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Figure 1.a Bootstrap Confidence Interval for Adjusted Survival Curve when the Second Stage Sampling has the Size of §
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g4 718 e HdASE Rol BRdT. Lee and Wolfe(1998)7F A|¢He HIRF3QA 274 AAY
L 29Ald A3 BEFES 2737 Wi AAHoZ ANH AAH LS uestoor 3
t}. wakM, Competing risk®t 22 FA o A& o2& 264 ZEEYHE S A8 + gl
o 2% Ady BE A$E 33 2ABIE AL AY B dolth olg g AlzkH, AAH
Aeke Zhots B o, 19AdA FEHD B A8 FolA AREDL QJoFEed 2vhAd F4
ZASHE 3ol "asdtth, Lee and Wolfe(1998)ol M g Al B old Ao &t 2ehA oA
gdo3 FRY FEu& AMY v&H nHAYES ol HAHN JFE vxAT e
U gAME AAES Y F USE Ko FU 53] 540N EMF 59 AfdE
2879 FEAY A8 FAM o 0% MG 10898 Y= FE3o L zREorE F
B3 544 FA#E AHFe 7 £ Ak d&@ N, FEHez FEAEG HE $x
o] 1A &L FAE HElg HPEo] HAAHeR FAY WE Aoz LA e FA9ddE
He A7) FAEE 2xFH o2 3 FASY A& AHYE o83 SYA AMY AL A
A o] 7tAe) 7N4EE BEd BAFAFS AgstE Aol ¥t Az

B =R E BAFAFA At AZ7E E2EYJRHE 53 ANHUARG BAH}FAHHF
o] BAlo] tste] o]EHQ AT} o]Fotd Bl AgHoZ AFFINE F+H F UL Ao
2 HgztEd, FF3 old i AFE A&Hoeg AYsuz ¢t
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