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A concordance test for bivariate interval censored data

using a leverage bootstrap
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Abstract
A test procedure based on a Kendall’s 7 statistic is proposed for the association of bivariate interval censored
data. In particular, a leverage bootstrap technique is applied to replace unknown failure times and a classical
adjustment method is applied for treating tied observations. The suggested method shows desirable results
in simulation studies. An AIDS dataset is analyzed with the suggested method.
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T AR Adgdo] thE ohdst Al AR HFE AsClA ALE A OFS TR

FTE ZDALE (censoring) & 33 AL A7 EA MR F HeERS] AdBA e w2 WS

o] 7= oj gt (Kalbfleish®} Prentice, 2002). ©]#|3h A#/d 75 Fd 2o A de F43¢
FF ol T F2T ANLAdE #HE 5 A CdE

onr = %:‘l]
TAAH WY 43 537 (acquired immune deficiency
# vle]# 2 (human immunodeficiency virus; HIV) 7+

=
syndrome; AIDS)S 7} &x}9] QI7F W 2
35 5o Aoke) ARG AET 5 Ak AL Am 2

A AR vpelB A R A7 AR
Aol 8 AL d
£ 9% 3 74 et ® A IS o835t 7129 TARY TS gt
th O R, B 479 B T ¥WpY A3 AFE A8 Kendall's 7 A A8-0] aejs
oJXth. Kendall’s 7+ S5 ATE o= AL 25X 7P de] AMSE = SAZFLE ALY §o]
A3 AAHo] o8 =EES 53 =9F 3t} (Brown 5, 1974; Oakes, 1982, 2008; Wang3} Wells,
2000; Lakhal-Chaieb 5, 2009). Kendall’s 7 SA-2 29| 7Y glo] 7 A4 €99 A4S
ol AdETh EF o AAEHA AW, r= F A FE A}, DA% (concordant pair) ] &} H]
A x4 (discordant pairs)2] & o] 2 o¥EF 2}7 (11, T)ol th3l

T = PI‘{(Th — le)(TQi — sz) > 0} — PI‘{(TM — T1]')(T2i — TQj) < O} .
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A71A S(z,y) = Pr(Ty < 2, T < y)&E oA A& T4 (bivariate survival function)e]™ Sg

{(z,y) : S(z,y) > 0}°] HFeA HoJAr}. wWeta] So FAL §& o] &dt] 7 = T(5) = 7o S
A% 4 9ok,

#0o] BEE JAE o] =8 functional & WAl €13 a{S(e,y) — S(z.y)}e) TAE REA Fiol
09l Gaussian process= W& ) /n(fo — 7)°] ZAHCE AFEEE £HTo] FHE AT (Gill,
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Blof| Al A& FA X, Kaplan-Meier 332 8 £% 71 /nd w3), %J— =% At 283
oAel B FAeF SE ojHr} f =¥ #EéA =2 74 A "t} (Sun, 2006). TP T 75T o
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imputation)S ©]&3lo] = Zodo Ulst 1 & FAHIAL Gk AN o] WL 1 #£ 0 uf
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2 ol A 7 SR Akgol thE A RAE e A4S 2]t (Ren, 2003).
< et &, g2 7t

H()ZFIF() VS. H1 F#Fo (21)
Y AFMEE AABH] Y8 the2] Cramer-Von Mises A4 &4 gFo] A8E 4~ 9t}

7 = n/ooo (Fule) - FO(:I;))2 dFy (),

A7)A F, e ‘H‘rﬂ'“ﬂoﬂﬁ SR A5 (X1,..., X))o FAEH ¥ g4 (empirical distribution)z} &
o, n— oo ul, T, > WE 2= ‘?5]—7-]] Hed o714 We 7FA ek 534 o|t} (Shorack T Well-
ner, 1986). CIE1% AUE FHE AVALGANE A0l A0f £t olashol A2 HUE 3
HL4E 4 At} (Andersen 5, 1993). J_E%Ur ol#st sk Ul 7 F(functional plug-in method)-2
77 B 29 A=l ol ARIA k. 2 olfe Frol U Sx9t Bawel Yl 77 FE
Aol #= GG tfst A A4 (coarseness) W7ol o= A|Fo = dutEd ¢+H4% /nET =¥
W/EE A B8 SIEE BT R o) T, 2 FE BT AR BT AL AL
23t} o]E 2237 98] Geskus$} Groeneboom (1999) = BE &5 K()E F83h 2s 17
) Btk 2EQ AT 9 /n(K ( n) — K(F)2 28 e g2 AFEEE 2T 757 7H4
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Calculate estimator and test
Bootstrap from £, Interval censored bootstrap data [ |statistics based on

U3,V UV (0, Ve (T 1)

Interval censored data
(T3 Vi) (U, V)

. Calculate estimator and test
Right censored bootstrap data

Leverage bootstrap - . I |statistics based on
(T5.8).+.(T5.60) - -
e (11.68,),-.(T,.8,)

Figure 2.1. Application of leverage bootstrap and ordinary bootstrap to interval censored data.
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€ FdsE mEA7E AR ol Adl v= de Lp) = [[L, 2000, auyp; & EAHT
A7 p = (p1,..-,pm), pj = F(H;) = F(s1;,52;) — F(r1j,82;) — F(s1,72;) + F(r1;,72;) ]
ot A iy = I(Hj € (Ui, Via] X (Ui2, Vie]) 2 BY=H H; = {(r15, s15] X (125, s25]} 2
29 A}z (disjoint rectangle) & FH3ITh o|#dt REl® AzZYS 187 Y thkst
dae)EEo] 998 A= 23 AL=E AT (Betensky 2} Finkelstein, 1999; Gentleman}
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BRHAL 2BARNA (77, 77P) 9k BALS ol dtel A BAY (=7,...,270) Uk ARE F
A BAY gl BFo

g3te] 2
+ @ ] A fo] £F o ol APEE QARG AAE Wlastel
o 29 Mg 438 AMSGLUTE ol o skl ARAM (Ho: 7= 0)9] 77 o5
£ 2759,

2 28 Bo) A ol AE ADE 5 ARE ERT 5 glon WA ol 54 A
9] H3HE HY] A9 o2l SAYel 2482} (Kendallh Gibbons, 1990

Vi —1) W\/ (n—1)

DA g3 m LA o] Apolojn] Wet Q= T3t 2ol Aoldrt.
QZwJ - 1), QZEE(H((H*l)v

ANA wysh g Ti3h ToolA $50Ieh AR Ho s 7 = 02 AA5] 9430, 4 (3.1)9] #2re
chest 2ol eldt.

Var = 1i8 {m(mf 1H(2m+5) — Zu(uf 1)(2u + 5) — ZU(U _ 1)(2v+5)}
" 9m(m—i)(m—2) > utu=w=2)] [Yvw-1)w-2)]
g [t 1] [Soe- 1),

o714 AR BAH Z2° = #,/v/Var ~ N(0,1)& w24 At}
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=
AekE el A3S sHelsky] I3 thFet 7 gESelA AT Holojie}l AHHS 2ABITh
7t mo) AR 500%e] wHEo] AlWE W Al ZHA EE 7] (n = 100,200,400)°] HLHAT}. o714
Ho: 7 =02 % ¥5 5942 oujaith. 2 9o ole) /b4 r g5 Aggoen 2498 AE
t}

At Ak o] AF AE NS A4 A3 Clayton Fo] AT 3, o go] FoiQ
L9 A AE 42 7 5 Yok o374 a = (0.5,1,2,8)% 7 = (0.2,0.3,0.5,0.8)2 2Ju|3tc}.

1

S(tiyt2) = [ST%(t) + 52 (t2) = 1] =,

71 FH AE 5= Si(t) = exp(—0.5t), k = 1,20t} 7 % Aok A7 A7 9
3 20709 R A8 AR FYEE s ~ U(0,05)ZHE s} o, ¥ F= Aok Azt
UkZ—ZSJ <T1”<ZSJ Vi, k=1,2

o & Asth Table 4.17} Table 4.2= A& ThE m 5L o] 83} R AHAS Ads A0S HolE
t}. &, Table 4.1 & m = n'/?, Table 4201 & m = n'/? & &3 A37}E HolFrh o714 200712
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Table 4.1. Test size and empirical power with m = nl/3 at n = 100 and 200

n = 100 n = 200 n = 400
Estimate Emp. power Estimate Emp. power Estimate Emp. power

Independence 0.00 0.002 0.043 —0.003 0.050 0.002 0.054

0.20 0.208 0.053 0.200 0.086 0.202 0.118

0.33 0.330 0.086 0.338 0.154 0.331 0.217
Dependence

0.50 0.502 0.162 0.503 0.308 0.502 0.325

0.80 0.805 0.542 0.807 0.791 0.800 0.876

Table 4.2. Test size and empirical power with m = n*/9 at n = 100 and 200

n = 100 n = 200 n = 400
Estimate Emp. power Estimate Emp. power Estimate Emp. power

Independence 0.00 0.004 0.067 —0.002 0.0601 0.001 0.056

0.20 0.202 0.126 0.207 0.155 0.201 0.183

0.33 0.338 0.237 0.331 0.319 0.335 0.412

Dependence

0.50 0.501 0.478 0.506 0.644 0.504 0.769

0.80 0.802 0.942 0.809 0.991 0.810 0.998
RAEF BE(B = 200)0] AREH AT FolAe FAE 79 Fd A H(5009 9] RS AlFo|
0.059] =g} m o] ATALL 7148 1 8)2 HAZT. BE A9 teln FA%e £ £
AFS =l 129 377 A4S A Y (empirical power) o] AZE &g & ). 53] F
#£9] A vl wf, m = n'/?o] AFIHIFNAY type 1 errored 0.0500 B 7712 FE HolF
et

Sk ol A Ak 2 ol-8sliA AIDS fhxke] HIV A7k vlol2 s FHEAIZE ] AdaA| of
5 AAstuat dnh. E4E A5 FEE A9 vpoleixol Zdd 1887 9 Aol tid 7=
olty. ol #At T AT ABE L2 97| WAL toE F AT AWAAE ZAFSIALA
. & 25+ De Gruttola$} Lagakos (1989)<} Kim (2006) ) <3} ‘j/“‘EloqE‘r Hlol 2 ZFIA A
7 AIDS 238 AJFS 7HzF T} Vel & uf, o5 A AEst NP e Begdoer #&d 4
Atk kst olela Anke Wl A3 F AW A4 Ak Besk] pEolth wehd B4 Aw
£ Wk obeiow 4 e A M R AB(TLI Y UL A 3 9 0 e
HA(TR)L.2 A" 17 = A X571 Ao} &, vlojdx 4d AIE T F HY 937 A3 (TL,
TR)Z (TL < T < TR)9 3AE 7H. 1%6}74] AIDS 24 m‘gg o AHE 3 WY
ARl oI5 77 FE AW (YL < Y < YR). ¥ Q79 28 AL doleix 24
upolzl2s G A7t ARBACInE 2B AT (7 = Y - T)2 Aele Aest ek o171
AIZEE HIV ZAA A RE AIDS AV E HoHug I8 A7 B3 72 S5 Add
o 2 9lom o] (ZL=YL-TR< Z <YR—TL)°o& %j%u}. AEAL Hy 7 =02
7] 9130 200 AhT) BAEW BHo| AFHAOH 7 BRAAE T A mko] 247 4859
m=n'?x~ 57} ALHYL wl], + = —0.119%} p—value =0.2220]9121 m = n?/° x~ 87} AL
<, 7= —0.1102 p-value = 0.220F F FoA BF AR/l 7145 A £ =, vlojgjx
Q) 28 D70 o) ABVAT} AAAT FAR LT SelulaiAE bkt
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5. Discussion

s AAR (Hy : F = Fo)o k 22 53
(Ho : F1 = --- = Fy)
T SA | A AA
Ren (2001)¢] At m out of n TAER WHHF vl FARRIH 7|4 AEE 37 me 22 37]9
g FEHAC 2 =74 Yuen T (2006)9014 AAIE F 7] mE HL3ATh AT o] F
AL dWHFF 7 FE Aok A5 ZA ZHo® B =7 g3 A2 FEEAS £ =

A= Estal RJAR e Aol o5t =432 gl 7kled A

Ho
=
o) oej @ @A QXTI oWz AAo] AP me] FAS REES FF AT
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