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S1=lv T =1 < ol TL= Al
TASE AT U4 AHWA B nlnAT
o] g-=1. o] 7] Y2
Paueidistn 5A s
A4 201543 149 279, 7% 201549 29 169, AAEA 20159 49 69
8 <

T RG] LR s A% PHeRE 2a-¢8 ARl 28 2ol ok a2 o]
= 7 A AEEEZ ol vHAERY 7ol A-ske Aol AR A2, F DY AL
TE7F AAe= AE stellA = Y AR FEAS AR 4 jith 2Ev T "4«] AEET
7b AABRE AR WIHE sy, o] e ARA £ AEETY YA AFES AT oAy o
T7F APt B =Rl e F I 1 ASEZIF aAee A3 slelAY B9 AR ES S
FPUEL TejATh Vbl RASE 4L ANl wet ARsein mldPS 55 24 el
A ohFe ARWNEY] AP L Rludglon, 2 AE BEHE FolQ AglA AAT e AE
o 8% ARE AlFstaAt sk
Fo80: wAAYE X, 5Y4 AF, 2A-9] FA, ALEE=

1. A&

FERT) 9k ARAN F AT 0 ARRE Wae AERA0Ne 28 A 3 hfolch
AERES NRE 93] B Wio] nUolgon, T Heke] AERE W A A Qe 2ole 9
Heog: 2349 A4l 9t} (C. A. Kitabo®} Kim, 2014). £3-59 2492 vgd =3
o) ARSI A%el ARl B WHOR, T AR A2 DA A9l A o
O JEg A B AEEEA AR BARE 4L 94 0 3 7S vEsel B9 DA 7}
o o 5% 5 AEA g0l YR Bobd § 4 g, AR ¥ IRNNE A3e B AX A
o s} A 7hsAol %7] WEol (Lee 5, 2011) A3 of3po] Whe 7 15e AEEEE LA 7}
T80l Atk olFEx &3] WAstE wAehe F AL 229 44 RS A v AN Sl
2] Sojgi},

Gill (1980)2 Renyi type SAZE Alotslgon, o] Daviset Xie (2011)+= o8 FEQ 715X
£8 0|83t 71E 2a-49 AAWT Renyi type SA%2) B3k, Renyi type AAWHo| 7= &
I-59 AARY AAYHo] 528 XAtk E3F Schumacher (1984)7F Al¢Hst ¥ Kolmogorov-
Smirnov AAHL F APZA EX 9 o] F HUHFS 0|3 71£9 Kolmogorov-Smirnov AAHS
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tste] 283 vk ok o= F ALEE 7 Aol AREAF 7 E e r, F Do AR
E7F wApshs Aol 71Ee] 2a-w9 SARED 2 AR Ye e Aer YA Utk v
O = Lee (1996)h 7]-% 23-59 EAZ et T AEEE 7 xfole g8 FEE v T
27} 2 BAFES 18dte], 2AEY HUEA S (maximum statistic)Z+ A3 AIEA 2 (linear
combination statistic)ol] 2]3+ AFHE A3t Klein?t Moeschberger (2003)-2 12 A A of| A
Cramer-Von Mises AU 3 715 7FEdutolo] AAW (weighted Kaplan-Meier test) 3} 94
AA4W (Median test) QA LApss = 2B S04 AXo] S84 ALY 4 griw dgle
th, Jeong} Lee (1998)9] A727H F *35—‘:‘ E7F wAse A 7S 7hEE-rtolo] AN S
T AWML wAsh: 4% ot W W AAYe o, Lee A2 7472?"%1 FHEE FAskad
t}. Qui®} Sheng (2008)% I xEH= AFSH ooﬂ/q Azl 7 259 747§ N2 polatglon, Lholrt
1A AN 29 A%

o

o)

A g2t 22 BAAQ WS AE5ka, T AR AN ARe] aekd
AAHE A8 oD (two-stage) AAWS AlFsATh A tos Logan 5 (2008)2 = A=
BRE7F WA 43 st A R84 (split-analysis) & 53 ThFS A FAFES vl v drk.

B ERoAE AR F Y] AERE A A AT 5 A 2 7 AAMEE a7hEk, o
g o8] 7R 4E ol R A S AAstel 7 AAWMEY] AAYE vt stk 28 oA
7t A7l thste] A E, 38 RAY A At

AERTI FU4 AW A1 DA MRE AT F RS AZEA BIAL 04 TR
A n7Ne] MAEZRE doAXH (i = 1,2), 45 =2 (random censoring)©] ¥HAY3tc}  ojuj]
(T35, Cij) 5 42 aiA] ZHo|A Q] jHA| MAZRE Ao A7t (failure time)T T E=ZETAIZH

(censoring time)o]2tal Shd (i = 1,2;5 = 1,--- ,ny), AA AZHE AL (Xi,,65) (6= 1,2;5 =
Lo n) BA, AT X8 SEAT A §g;olth. o 7oA B2 Xy = min(Tiy, Cij) ©l
0 TEATR A0, AT HA g2 A9 15 Zeth oo EAS] iMA] 22 AL
(survival function)+ S;(t) = P(X,; > t) 22 Ao Hr}. —,—E]ﬂ- AR 3= A FAEEE
o FYgolR, ATLE

+ H

Hy : Si(t) = Sa(t) (2.1)
ojtt. F AEFEXTF WA AF 22-w9] ARHS Y] B2 A0 & dA Yrh. e
2+ Gill (1980) ] A<Hst Renyi type AW A8 5 glon, T AERE 19 Apolof 7|¥ke &
AR 71 2a-9 A3 ¥ 2 R4S 38 29 24 B fEs A9E 42
=g
o] 7kt BEEAL A ALER27}F obd uAE AR ulg o4 7hsst Al A sl Al
o]Z o AEHE 7 TukR Aol o E FUAE AA T WO ER, wAshe Al A i AR
o} (Bouliotis®} Billingham, 2011). o]o] & =g & EEAL =2dA A3k,

3Rz} 278
AN AERE

thare 2 k= AANES 278t At S

2.1. Renyi type 23

A AFag50l, Renyi type AFEL F AEEE} wapshs 3ol 483 oz & 2
A e} (Gill, 1980). WA ERAZ)Z} 27 nayna (N = na +n2) 9 F A s o) g
FEEORRE A B A fooll HEt] t <t < - <tp (k=1,---, D)L o, dn ¥} Yir B
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2zt iR Aol A ¢, A A XY AFERE ¢, ARAF ADFEL SHAb diy = dug + dog, Vi =
Yir + Yor 2 AY3ta, Wi 712 2 21-59 249 4L Wi, = 1, €933 Wilcoxon
Y] AR Wir = Vi + Yars ZETE o]0l 7H 22-59] AR A& 71 gt 7isdrs
< Renyi type SA%Z) 5 L3H 24%/\1%‘ Sl iN=

2o A

,k=1,---,D

DW i — Vir(
—Z 1% |dik — 1k(7k)

k=1

o] FAHY BE L }(standard error) ¢l o(7)E L&A}

e (2)(5) ()

v
olm] 7 Yip Yar, > 0¥ wj<] 7}% 2t Folth. 4= ul¥ 714 (two-sided alternative)
type AN SAFS

s
Ao
e
=
2
=

Q = sup{|Z(t), t <7[}/o(7) (22)

o3, Aol B W Qi A2ALE sup(|B()], 0 < v < 1} W20, ofu] B EE Heke
EA ZZ A2 (standard Brownian motion process)©|t}.

2.2. £ ¥ Kolmogorov-Smirnov 7%

47 ¥ Kolmogorov-Smirnov A4 H-2 2] F 2] F P4 Ex34of 4§ 75 3 Kolmogorov-
Smirnov AFHE TEEAE] &= AR FE 753 =F 13 Zo|t} (Schumacher, 1984). 9]
WS T APUS T Aol9] AURE o83 ACEM, AZRE AAo] 2H TAGE 2L Foln
DHe A4 o AHoIA B AZRE 22 Aok i A-9ol Hzkel A HolTk

FeREOEZRE TddS UBE AXNETE S, AT tollA idx) HEA S AFIFAY
SE Vi) W, BEE A Xaol thate] (A TR A2 2L

8ir
. Yi(Xa) — 1) "
Sity= ] (YZ_(XM) >

k: X <t
o]a1, Nelson (1969)9] F+2$18 &< (cumulative hazard function) F3 %

~ ik
Ri(t) = k:)(ZiEQ V)
o 2ol ol 0. £AA YIS B Aol €(0) = Aalo)—Ma() 24, 2 23 e ZE(1) = Ra(t) -
Ay (t)e]th. Breslowe} Crowley (1974)%= NY/2(£(t)—£(t)) 7+ [0, 7)o
sian process), Z¢(t) 22 oF 8-S SHIAT) olull cov(Ze(s
3, Pe(t) = 1/(A(r)/?el2ka shah o)z iE T EEO] FUA
Smirnov A Fo| G251, tha3} 2t

0_1_4 > -
MN
Il
b
o
=
oA o

Qrse = N sup g<i<-

Eyde(t)] (2:3)

FEAH0] H A9 Qs DA sup{|W ()], 0 <o < 1}& Hav), o) W EE Hele
2A Z2A2E on)stt} (Aalen, 1976, 1978).
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2.3. A= Cramer-Von Mises ZAY

4% Cramer-Von Mises AR 7]£€2 Cramer-Von Mises AAHS o] &= A
T Azl A& 7Fsdtes £4% Zloltt (Schumacher, 1984). o] WL Al A3E +74d
Kolmogorov-Smirnov ZAH{I} w72 F TR $1dg< Zolo =A% Hyoltt. BE 7|5

+ 77449 Kolmogorov-Smirnov AAHAA AH&-3 7] 5.9} 5 Ustd, 8% Cramer-Von Mises &7
et 2ol FolXth

Qene = (N/A) / " @ty (1) dA () (2.4)

ol T ASExX 7F Aol HEAF 7NEE w WHoEHM, AR A Qomes
2)PdzE wzr), o714 Wi 9 %% Bebe B4 ZRAAE oju)dir)

)
=

2.4. Lee AAY

Lee (1996) 7F Al eket o] AAWL F AEEZ7 ojut FEIE 7IA & 7hof| Ui AAARTL fle
ol T AERE] 949 AES A% FE3 iR, vt FEo] AERE T Aol vw A

xg ohd 4 ik

Al BHE AE Xy% FEAG ANBS 6,00 hte] (ARAAY AR £E Na() =
I(Xa < 6,60 = 1), tA1RoNA AZS Qi Age] 28 Vin(t) = [(Xue > O 342k =8 2 25
R AA AR g9k A2 Qs AR Sl sl Ni = 3, N N = 3, Ni Vi = 3, Vi, Y = 30, Y,
= JERIES bAoAl £ AERES] SANS AN 9B 4E 249 44 FAYL the

o] THT 4 it}
Yz(t) dN1(t)  dN2(t)
\/ nz/ +Ya(t) | Yi(t)  Ya(t)

A AelA W) AFH52A
wt) = {8t} {1-3¢)}", (=0, p20)

o7 Ao, o]& G” FAFolgt 2T} (Flemming¥} Harrington, 1991). Lee (1996)+= ©]&
FE olej9 471K BAFE 1A

(py7y) W (t) Distribution of weights Gr
(0,0) 1(Log—rank) evenly distributed Wk1
(2,0) {S(t )} emphasize early difference Wka
(0,2) {1 — S(t— emphasize late difference Wks

~ 2
(2,2) {S(t—)} {1 - t—)} emphasize middle difference Wiy

FIE7HE A (W1, W2, Wies, Wies) = (G™°,G*°, G™2, G“)% AbH oz o] 091 thE

AFEEE wEh Lee (1996)% ©] 474 $A%e 2289 $AF 2 = Wia/\/Var(Wia), (I =
L+, 4)8 AREste] = 7] AANe Abskgitt. 1§ LEELL Zf E«I HHEAZF (maximum of

the standardized statistics) 2 Z#]
LEE1 = max(Z{,Z5,73,7}) (2.5)

olH, LEE2: Z; 52 A3 235 A% (linear combination of the standardized statistics) 2.2
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4 4
LEE2 = ZblZl*, (o] uf, Zbl =1) (2.6)
=1

=1
olty. A4 (2.5)= FAFIME Sl (21, 22, Zs, Z4) 7} B0l 091 thil#F AF22E wE ¢ ZAH
OE max(Zl, ZQ,Zg, Z4)94' 7]'8 'E‘_:i_% ;l"f‘t/}' EE—‘?_]‘ /5] (26)% ‘E‘/\}‘z—q‘gi E%@‘P{"E‘E (standard

normal distribution)& W=t}

2.5. Qui-Sheng ZAAY

o] o)A+ Qui-Sheng AHHPEL 27hetaal dth. Quigt Sheng (2008)2 7Hs 21-%9) HA
Fefoll thote] wAlok= 4% Stoll A -85 A& 7Fsst 7t T4E Alstsith.

WA FEREORRE ] AFA WA ATty <ty < -+ < tpE NEFRL TS Ly, L9} S 2zt
A AA IFNAY SEAY, F WA 25X ST AT He AL FHEE-vtol
o] =A% (Kaplan-Meier estimator) ©|T}.

oJAl 0 < e<0.59 F2 & AskAk Do = [D |2t o r € [e,1—¢ o ths}] m = [D-r]
2 Aosiar. 2l FAA 2AAE De <m < D — DoA A2 715 45 o33 2ol 39
Ei=g
-1, k=1,2,---,m,

Cm, oOtherwise

A7VA e Fo]H, olo] he 24 BE olele} o] Aoy,

i Ll(tk)L2(tk) Ag(t )
o k= (n1/n)Li(t) + (n2/n)La(ty) "
i AL1(tk)L2(tk) _ -Ag(tk)

k=m+1 (’ﬂl/n)lq(tk) + (ng/n)LQ(tk)
Qui-Sheng A7 FAZFS
U= Supp, <m<D7D€Vm (2.7)

o7 BN, A (219 Vol /5 B4 wl™e] 4% o g3l ofele} o] Bk,

D ~(m) d Y, dk
w 1k — Y1k o
= " Y

_(my\2 Y1k Yor Vi — di
)
Ye Yio Yo —1
01% LXHZJ;?_] DAAE AT2 F AEEE 7F Aol B35 E 2T 87 ol A= e TS A

Lot} Qu1—Sheng 01‘%}74] (two-stage) AR ALl JoIXE R DANA AlgEH = 2I-5
AARNT AR oA AoFog =30 EA 7} O ZHE oA AAH A
gol o] 3 WAlsh £ A WA fUSEE 247} au, ax0l2hT B u, olekAl AEYS] felFEe
a1 + Pro(reject in stage two | fail to reject in stage one)(1 — a1)= ol :

Agl ARYE AR olA ST §45EL 2T a1+ az(l - a1) = a0t HE
pRE A WA DANA p1 < can G pi g 7HAW, 23R g2 Aol ar +p2(l - a)d FE 7R
ot

lo
N
N,
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3.1. ®oA¥ 132
oA AFe AAHES vlEo] F ASEXY FYA FA0 gutdoz AR HI e B¢
9 A 9 dRkslE Wilcoxon HHS RO AF A vlwstauat sioy. 2o A3 /\]"9“5] A
2 AA AEEx s FLst= AAHQ Renyi-type AAEA T, £43H Kolmogorov-Smirnov 7
Zd¥, Cramer-Von Mises ZAH, Lee (1996)2] HE5A%H @ AFF5A =, Quiet Sheng (2008)] #H
A ojdA AAWolth 2. 18004 Agd BIEAL JA BEEE } obd 54 AlH o]

2Whs nEsteg vl tjAtelA ALsa, Renyi type AATA Y A$ 2a-599 duisls

Wilcoxon 2% MAS eistach. wao] A8d 2zte] UL T3} 2ol FASA k.
Hlarel AHgH ZH2ke] AAUE thaa 2ol BAISkLA} St

LR : 272-59 2A4H

GH : ¥993}5 Wilcoxon A&

Renyi_ LR : Renyi type 21-9 ZAAH

Renyi_GH : Renyi type €4WIs}E Wilcoxon 7%

MKS : 4% Kolmogorov-Smirnov 7% H

CVM : Cramer-Von Mises 3%

LEE1 : Lee (1996)¢] Hti A 2

LEE2 : Lee (1996)2] A& A5 A=

. QS1: Quig} Sheng (2008)2] HAW

10. QS2: Qui%} Sheng (2008)2] o] thA|

BAGe] Hl2E 3ol Tl 5714 AR AR A2E AT
)\HZ 3 }-50]‘6]» 7:1 o

L+ A&E
1L 9 B AR

¢

© XN o W

u)i

ki

i

7+ A3So th3t T ko] B2 E Table 3.19} Figure 3.19] A3l th. Table 3.19 5714 A3
o Aol Qof F e BRAVE 4710007 A on, RG-S 7 AFA 0%, 25%}
AR Z7 =9 ATEE b = by = by = 1/45 233
31, Quis} Sheng (2008)2] AAWAA ¢ = 0.12 34}t RE AR §94F0] 0.059} 0.012 H$
o thsf Ali= glon, 1000 ] RS AX 7|7t Sl AR S A8

Table 3.1 Survival distribution for each group

group 1 group 2
I. Equal Weibull(1,1) Weibull(1,1)
II. Under the proportional hazard assumption Weibull(1,1) Weibull(2,1)
III. Crossing at early times Weibull(1,1) Weibull(1,0.5)
IV. Crossing at middle times Weibull(1,1) Weibull(0.6,0.5)

V. Crossing at late times Weibull(1,1) Weibull(0.5,0.6)




A comparison of the statistical methods for testing the equality of crossing survival functions 575

v \%
Figure 3.1 Survival distribution for each group; [. Equal, II. Under the proportional hazard assumption,
I. Crossing at early times, IV. Crossing at middle times, V. Crossing at late times

3.2. meAY A3}
3.2.1. 5 YRR} EIF FS

Table 3.2= Qo]2xo] BHATE Leh= Atolth §o]42 0.059) 0.010] thaf 95% A= 77+
747} [0.036,0.064] 9} [0.004, 0.016] 224, thi-Eo] AR A o] WS =A Hojupx] ¢SS &
Attt 23-¢9 ARHT 22-59 HAS Renyi type AW, Leed] A4 92 Qui-Sheng o]
ARHE ZEATho] Q= A09) nwdle] 2EATho] i AL 7 Zho] tha 92X AFFS B
, Cramer-Von Mises 74%& o]sh 92 gho] tha ®olxt %S Hath 1eu} o5 A3
o F AT BFoA foaFE 2A9 FEE 71Zsla ik

Table 3.2 Sizes of test statistics

-

ad}

it kX 4y rlo

a=0.05 a=0.01

Test statistics censoring rate censoring rate
0% 25% 50% 0% 25% 50%
LR 0.041 0.064 0.051 0.006 0.019 0.015
GH 0.044 0.060 0.043 0.008 0.016 0.010
Renyi_ LR 0.033 0.056 0.045 0.004 0.013 0.010
Renyi_-GH 0.050 0.057 0.046 0.011 0.006 0.010
MKS 0.037 0.037 0.044 0.006 0.010 0.004
CVM 0.041 0.037 0.033 0.006 0.010 0.005
LEE1 0.047 0.058 0.058 0.009 0.014 0.011
LEE2 0.041 0.062 0.058 0.003 0.012 0.010
QS1 0.043 0.035 0.044 0.005 0.004 0.007
QS2 0.037 0.041 0.059 0.005 0.011 0.015

3.2.2. H|EHYARY 1Yo AL AL

Table 3.39] vIHAPRE 710 At AFols ZE AAHY AAH] =94t 53] 213-
<8 AAW, 2I1-9 HAY Renyi type AAWS v|E3to] £4H Kolmogorov-Smirnov 373
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U Leed] F 7FA 2744, Qui-Sheng oD AAHNA AR Ho| vl-¢ =4 Vebutth I3}
Wilcoxon AAH, 4uisid Wllcoxon W A2 Renyi type AW =4 H Cramer-Von Mises A4
o] AR kA AAHE vlsl] IA|w, JA] At ghe Bt T3 Renyi typed] HAZEA T
2o A% 219 2300 2AT AAUS) ws) of) e AAES M FEY U A
Quisheng WO ZA, o] Lol F AT/ WAL FFo Hedsto] v olsol vld
AERY 7ol FYSE A9 ThE ARSI vs) A4S 2o A4AL Han

Oﬂrﬂ

rlo

Table 3.3 Power of test statistics under the proportional hazard assumption

a=0.05 a=0.01

Test statistics censoring rate censoring rate
0% 25% 50% 0% 25% 50%
LR 0.999 0.994 0.894 0.985 0.946 0.757
GH 0.985 0.948 0.878 0.950 0.862 0.707
Renyi-LR 0.994 0.971 0.882 0.985 0.905 0.725
Renyi-GH 0.977 0.935 0.823 0.922 0.838 0.650
MKS 0.998 0.981 0.870 0.971 0.917 0.664
CVM 0.987 0.954 0.799 0.943 0.837 0.565
LEE1 0.998 0.980 0.869 0.975 0.910 0.717
LEE2 0.996 0.980 0.901 0.973 0.898 0.713
QS1 0.153 0.135 0.091 0.046 0.052 0.025
QS2 0.998 0.972 0.850 0.974 0.912 0.688

3.2.3. Zuboj Zzaps= A5

Table 3.42) F AERE} Zulo] AR AoE LR vlsh 2ol 21w AU 2
3l" Wilcoxon 74 AA=o] WSth Renyi typed] T HBEAZFH Leed AFATEA
of o AP Al AN Hohe =2 38 7MoY, 43| o A= 4sith. 34
Kolmogorov-Smirnov 233} 43 Cramer-Von Mises AR H-2 )¢ A8 AAES Bt o]
=2 2I-9 AR 4uskd Wilcoxon AW Hrhks A4 o] E3AR, Xt wabsh= g%
o] ;M AIHFN F AERE T A2 2ol 7t fAEH = Fefoll 7H7] w2l thE AR E v W
2 F2 7H3h wbdA Lee] HhEA ol ot AT} Qui-Sheng A HI} ojdtA AW m+
2 AA4YS X

ot %

Hir

Table 3.4 Power of test statistics when two survival distributions cross at early times

a=0.05 a=0.01

Test statistics censoring rate censoring rate
0% 25% 50% 0% 25% 50%
LR 0.248 0.215 0.154 0.082 0.071 0.060
GH 0.206 0.112 0.061 0.066 0.034 0.012
Renyi_ LR 0.520 0.347 0.203 0.151 0.091 0.053
Renyi-GH 0.792 0.623 0.327 0.549 0.323 0.101
MKS 0.433 0.280 0.184 0.087 0.061 0.039
CVM 0.435 0.285 0.198 0.114 0.061 0.040
LEE1 0.999 0.967 0.828 0.979 0.860 0.647
LEE2 0.400 0.456 0.413 0.133 0.197 0.175
QS1 0.959 0.928 0.847 0.880 0.795 0.642
QS2 0.998 0.965 0.838 0.900 0.776 0.590

3.2.4. Fubo] A2k A5
Skl washe Aol Figure 3.1014 & 4 1o, 2ol watshs Aol Hls] AAAHE 5
Ao ehgoA F LTS 2k Aol7t A Vel FEjelt} (Table 3.5). 4uksld Wilcoxon 2
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2 27) Aol H 2 HES Fol T Aue] AZ 5L wLsuA T A% 7 ARARA F
Z AR} 42 715 1 A ] AbE s o)l olo] £ AEEZ 7} xule] x}o)o]

=S T 9uslEl Wilcoxon AA W AA o] A E I TH (Park 5, 2010). o]2} & sto
3lE Wilcoxon AW W72 Renyi type ARAZA A AAHH o] l"—,\}‘:]’ Wk Zako wAlst
oA A P AAHS Hel 2I-49 AAH v3) 21-¢9 W79 Renyi type 2
F2 =2 @2 7HETE Leed] ARATTAZ o3 AAML2 7P w2 AAHE Bty oyt

O

rII fo o rE
 of

[ - B A T 1A S TR
x
o

, 7739 Cramer-Von Mises 73U} Leed] HEA =] 93 AA, Qui-Sheng AAH & otk
Ao AR v E4th 53] Qui-Sheng FH T oA ARH-E FEEGES] ¥l
AAgo] IA AR &t

Table 3.5 Power of test statistics when two survival distributions cross at middle times

a=0.05 a=0.01

Test statistics censoring rate censoring rate
0% 25% 50% 0% 25% 50%
LR 0.123 0.105 0.090 0.035 0.038 0.028
GH 0.897 0.648 0.383 0.716 0.413 0.172
Renyi-LR 0.869 0.705 0.463 0.579 0.387 0.166
Renyi_-GH 0.990 0.938 0.724 0.946 0.789 0.443
MKS 0.869 0.750 0.488 0.556 0.343 0.199
CVM 0.924 0.832 0.615 0.739 0.556 0.338
LEE1 0.995 0.955 0.754 0.957 0.803 0.474
LEE2 0.104 0.073 0.061 0.028 0.014 0.011
QS1 0.999 0.997 0.963 0.995 0.970 0.870
QS2 0.999 0.993 0.932 0.994 0.953 0.829

3.2.5. Zulo) Zafsle AL

T AERETE Zle] wxkehs Aee T ALEE T A7t dFAM A e FEol gt
(Table 3.6). webr] Zyke] Xolo] 7lgxE A T ¥ukstd Wilcoxon HAHI} old] 2ASH
Renyi type HAWe Y] =4 vttt o] o3 Jeje #22 7|3 el 2 7‘]")]7]’ Lek
U2z, $A%" Kolmogorov-Smirnov A4} Cramer-Von Mises AR HoA =& AAHL Bt
23-59) WA Renyi type HgW 7 Lee2] HthsA Tl o3 AW A A4l ZAl'"/} oA
A5 AAME 7T 2a-9 WA Renyi type AN AQsta F=2do] gle 3¢ Fols
0.052} 0.01 3PollA] BF =2 3 713w, 974 dukste Wilcoxon AAHES AlQshd F-24
0.05 stoll Al =Tl 25% 2 Ffol® $2 AFYS Btk A e g Qui-Sheng 7%
1A AR =3t 2 AR o] vl =8tk

b

=
U
=
U

o

Table 3.6 Power of test statistics when two survival distributions cross at late times

a=0.05 a=0.01

Test statistics censoring rate censoring rate
0% 25% 50% 0% 25% 50%
LR 0.627 0.482 0.403 0.406 0.277 0.208
GH 0.981 0.894 0.679 0.931 0.727 0.460
Renyi_LR 0.924 0.826 0.626 0.759 0.588 0.335
Renyi_GH 0.993 0.948 0.813 0.963 0.841 0.592
MKS 0.946 0.858 0.659 0.759 0.591 0.366
CVM 0.975 0.923 0.784 0.905 0.773 0.527
LEE1 0.981 0.938 0.740 0.943 0.830 0.498
LEE2 0.583 0.382 0.235 0.291 0.143 0.063
QS1 0.984 0.928 0.819 0.914 0.806 0.591

QS2 0.980 0.928 0.807 0.908 0.791 0.582
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4. A&

T AEREY 594 AR LA ANA T2 FAlAteln, Al F AERET} WAtk AL
AA Ao vIAe] AR A7l olo] gt @2 AFL Ay gt 53] B =Folie
WA F AT AERE S stollA] AR el thek AP AR TL glo] A AEEEE R
st AW EC oisl thR ity AERE o] WAL e A9 D W Lol wAkE A gk
A MdE ot A AFERE watshe A% stlA® 2 238 B AAWNES &y,
Yo7l Bo)Adg B8 walehe A2 FEAGE] e vt Ao 259 AR, 93t
H Wilcoxon AW A48 vlas 33ty 1 2345 F3etd thaa 2t

HHAERY 710 Agshe AF tifwY AARA ARl o, aApshe 443 st
f&3t= S 119HH Qui-Sheng AL w9 2 AR S Bk ZRbo] WAeh= -9 Leed] 3
e A Zol o AR Qui-Sheng AR 2 oA AARANA HAGo] E3Uct. Fukell A3t
= A-fole 9kslE Wilcoxon W] Renyi type HAE A 578% Cramer-Von Mises 778,
Leed] FHthgAIZl 93t 7MW, Qui-Sheng AW 2 o|dA ARFMA =& ARHS EileH,
£3] Qui-Sheng ARHT} oA FAHL SRS W= FAH o]z} 2A YeRA] &

N

Wilcoxon AR W 9| A-33F= Renyi type AAEA %, =4 H Kolomogorov-Smirnov ZAAH, 4
JH Cramer-Von Mises FAH, Leed] ZutEAIF 2 24, Qui-Sheng A, olwtA A4
oA &2 AAHL Bt E3] Lee? Ht)5 A% Qui-Sheng oD AR F YEExE] JE)
off ik AFAAZETT & wf F&3ithe SALE Al wafshe AT A of2 SAFE vl
L AAEE HYN, WA Y-S 1330 Qui-Sheng A% A4 F ASEEY AolE &

y o O
Zohd 5 982 ¢ 5 Atk

gtk ko] AT Aol ZuolA 2 Aolsh Uehbe F gERze Felol weh dua

R ope] A9 Bl Fold 4% Sl AW 5N 24 WS Adsn K88 ARE A2
S 9910w, 017149 Bust o) StAT B APATAA MM PP BAFE Fehe] T AZE
2 Wi Al £g0] 8 4 9e A |rjshe upelth.
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Abstract

Log-rank is widely used for testing equality of two survival functions, and this
method is efficient only under the proportional hazard assumption. However, crossing
survival functions are common in practice. Therefore, many approaches have been
suggested to test equality of them. This study considered several methods; Renyi type
test, modified Kolmogorov-Smirnov and Cramer-von Mises test, and weighted Log-rank
test, which can be applied when the survival functions cross, and simulated power of
those methods. Based on the simulation results, we provide the useful information to

choose a suitable approach in a given situation.

Keywords: Crossing survival functions, equality of survival, log-rank test, survival func-

tion.
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