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ojpiet s oMY ool H24 2EEY

(200844 12€ &4, 20094 18 M)

o

(@]
i3 =

F 29 A g vndhe AN & (efficacy) HAA
o) ojWi#k(bivariate) ¥H-e-WEA EAHT ATAYY DA AR oY BES 2
Thall‘»} Cheng (1999)2 E%3 t-Ae] uk-ggho] o=k o|3H(bivariate binary) ¥
2 ANTPen, B AFNE ERES AARRL 7129 7o 2ot AFE- -3 EY(Wilcoxon-Mann-
Whitney: WMW) BAl A% 2490} 284 23RS xﬂ/\lﬁhﬂr Thall?} Cheng (1999)2 BAFAH
o ws ARA7 Blgo) 2A AFAY 2ASHE v, WMW SAZE g SAT viRsA e ol
2 oghl 4 Ml olg) oM £ M4 4 el xE A8X2 & vk Thall?} Cheng (1999) AlA|
3 FUAE QAATY T AA A9 F o Yo AMd sEFE ‘ﬂ-v_if?l' A3}, Thall?} Cheng (1999)¢]
5 A NAE o] WlF WMW o] 98t 2E47L B 2o} E7 oAM= B2 & 2122 vebgth

(safety)o] TL3HA F23 AR HFHE AT
= W
H

1. ME

F BT AP vaE QANFAA 7P wol 2ele Ao 4ok V&9 A} Hlaste] &
5 (efficacy) 9] ZFo]& Hl @3 Z o] 3 71A] ofloui, o2}dt S5 vl thE AAAE A7 EA
FYglol YT Yrh. 2 FAo] F3 33 A 8A YA BAE TFF 54 (toxicity) &
SY3HA 28 M4z HFsle] o U (bivariate) WHSHSE A of ks Aol HZ AVH
I Yot (JennisonT Turnbull, 1993; Cook, 1996; Cook¥} Farewell, 1994; Bryant$} Day, 1995;
Conaway 9} Petroni, 1995, 1996). E53 EAL A2 713 FA0) JodA] Ao tfgt D‘r— Fd
9] W& UEhdn. A& £ -r_\-;%‘%ﬁ(soft tissue sarcoma)°l] et 3}3t A5 A §FE ST}
A7 Zoko] $2HAT FHogE A% 9 AF AFH H9FE vA e AEE ol B F
ABE ol X zolA 228 X 9ADS) (complete remission)E F& AW, F50]4 A7 A9
23] o] HY &30S (graft-versus-host-disease) 9} o] W2BE F57 A4S FAl AdEA
2430k Bt

B3 249 ojwigkd AAHoA A B BAHL oH TARN E%9 F7HE A7 Y3 ‘oj A
E9| BA2o Aol SHevP EE EAL Fo]7] A E ‘ol AR %S Boj=d 5 e
7P = trade-offd] £A 2 BHE $7} 9t} (Conaway e+ Petri, 1996; Thalls} Cheng, 1999). webAl
E53 =49 o) AANA tP/HEL A7 trade-off BX 24 (target parameter)9] 4 &4
2@ AAAL: (137-701) ALA] AZF 92 505, 7FE LU sta oo e o S5 A, w4
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FH(convex hull) 0.2 FHATE AGAE AANANE o)} 22

o AR Ao), dXH oz Ao I AT F ho g B4 oiF A= ARG A
o) I o]+ Pocock 5 (1987)°] 9F3td%e]l 5l sl X ARATLEH AfAHe s FAT 2
S 48 5 I, A5 REH 2L ANFA He @ "ol o]HH wkEusel] tig 3
A 9 B85 2R e) b o) ¥R YA P} IHEER oW EAIE deNA EeH F
49 ol iF FEZFE FAALE AT AR LT Jou o)k EeF 54 Dl hE 54
B 8= @A o] 91t} (Tubert-Bitter £, 1995; Thall?} Russell, 1998).

£ =RoMe B2 353 AN (AL v ) whSol oA i AIAHAN 4F
2.7k 3] E 1 (Wilcoxon-Mann-Whitney: WMW) ZAAFA | 24 B2y S At
A e HEFH WMW AREA LS Pr(Ye < Yr)E 2 sy Me&d B2 ARgsid, o
N R E U-EA P (multivariate multi-sample U-statistics)) SRS ©)8-3ta R8sty BB5
£ ZAs= vhgolth (Lehmann, 1975, pp. 362-371). $JolA Pr(Ye < Yo)E Yoo Yo7t AR &
Pl F uig s BRgo 2Ry 4z &% AP W) Yo7} Yokttt E &Foln), WMW §7
Z3} APAo 2 B0} S-S Birnbaum} Klose (1957)0] B89 EAFe2A U/(ncnr)(97]
A ne% nrt 5P F 2 ZEFOTHE AN 22z ¢ 5 T, Noether (1987)€ ©] HES
g3t deEk ews BB 2 A ANSA dBA 8% =& dEA tY B
So] SR 7EH FLE 497 ol £ 9 (Levine ¥, 1988; Norwood$}l Sampson, 1988;
Petri 5, 1990; Thall#} Russell, 1998), olWgk 9w~ 9] o 2= Molenberghs?} Lesaffre (1994) 7}
A A AFeM +HE A8E E 5 Yt} HY AZEQY Fuvt ANE HA e BAE
E£F 8 (fluvoxamine) FAZ 83 A= FAF S0 f5S B 1 gARH FY0) A%
7 GAAR L] eAgoln], RALL 4 GAZA HaAL ¢(0), AAEE YA G A=),
YGRS Faske AE(2), AEEFHE 5715 A=Y A% RA43)ez &9 28U €A
WeE S3E A9 B4 Aldle o343} (dichotomization) 3te] BASh= o|FHS AR EAFL

2 A2V Q50 Aot B =EAAE opiF NSy RES AFYRY WMW hie

Thall# Cheng (1999) 7} A3t oWz} ojghwisro] oAl A L3t RESE W I T WMW =Y -
2 oz £ AR 753 Wolng Thall?} Cheng (1999)0] Aokt whioz 73 BB

o WMW BA S oj gk oo 83t 13 REFANA Apol& B Aolth. & =FdA+=

o|¥iz o|ghAe] FES AXNAATE AASY o)A v W] Ao U 2ES ANDI=

AFE =2 AAE Hojtt. B =E9 WMW BREAZS B85 Z2HL A I 2 A I

Ao g8 4 Q.

2. WMW Sl 278t 524+ 23

B =FoA A WMW B4 A% S8+ 232 SX24s 43RS 225 AdFA ol
Thall#} Cheng (1999)] AAE A} 2t} =82 W44 875 E Thall#} Cheng (1999)2] 718 4
YL 2389, ZRS AL 2.4 ek AAR Rolw ARE o] A WMW SAF
2 AAE) 2t

olAl WMW BAZ SA%e 28 9ol tis] Z9av, ojFse] AR F dFs
zEsd "ok Cg T7F A2 59 71E(control) ABFH A3 (test) XSS 27 viebd
YEZ VE(k = C, T)= &5 (efficacy: E)T} A (safety: S)& VYElE £ whHRRA 747
1% R} 188 79 e 7HAEE 2 29 257 4849 €9 ARE Rx C £¥ER 59
Aty 93 A PFED (R =C =3)7 & 2.14) AAF AT

~ =
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H 2.1. The 3 X 3 contingency table of efficacy and safety probabilities of control and treatment group

(a) Control group (b) Treatment group
Safety| 4 2 3 | Total Safety| 2 3 | Total
Efficacy Efficacy

1 pCc,11 P2 PCi3 | PCl- 1 pr,11  PT.i2  PTa3 | PT1

2 Pc21  PC22  PC23 | PC2 2 pT,21  PT22 Pr,23 | PT2

3 PC,31  PC,32  PC,33 | PC.3- 3 pr,31 PT.32 DPr,33 | P73

Total pc,1  Pc,2  PC,3 1 Total pr,.1 PT,.2 PT,3 1

SA gl A9 & %ol Ui Aejaane] BlmolA Yoot Yorh 42 718 A58 48 B =
A WY o, ThadlsqL Lachin (1988)c] & £% 29| Yo 229 Yy 227 A& zg To Mg
T AF3 Pr(Ye < Yr) — Pr(Yr € Yo), == Simonoff 5 (1986)°] #|¢Het A = Pr(Ye <Yr)& At

a1

£31th 8 Pr(Yo <Yr)E: 95204 94 ]"HE]“ HE 2 ZAH oz 7)E X5 v 4 A&
7t o 24 ured 25 ]U%, AT} g PI‘(YC SYT):O'{')E E¥HEG % 2.194 7]& A
T & BAFE ne, A8 AEFY F FRGTE nedl 319, 59 WMW §AZL v 2o

n¢ nr
AP =Pr(vE <vF) = —— >y (v&. i) (21)

1, if Y& <Yf,
o U (Y(f?k, Yﬁ) =05, if Y& =YE,
0, if Y& >YE.

b f

0)# & thA s WMW S48k 221 242 Hochberg (1981) @ o3 =8 dF= )

2l

2.1. 0| WMW SH} a2z

e AR ol Azan de A = (AP, A%)9] 4 449
Pr(Y§ < Yf)= Rx C 2889 33 &5

estimators)-& ™ Y 3le] WMW 57 =(

E-pr(vf <YF)S A° =
ZH3g9] 23D (frequency

N

o

chz Z pri-+ = chbprl

I=i4+1
_ ) _ b1y
S hes (z‘pm - )
i=1 =1
c—-1 c 1 C
s
A% =>"pc; > pra +§ZPC,-jpT,-j
j=1 l=j+1 j=1

c
E pc,j
j=1

, olWE WMW BA#3e 3248 A 38, 238 183 RS ne n
3t} (DeLong 5, 1988). 7R oz oMz WMW He A = (AP A%)d] gt 384 34
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A =nc/nrd v e 2}

1 1
= "3+ —201
nc
EE _ES EE _ES

_ 1 (o1 010 1 001 ‘701
T n £5 n

C \ Oi0 010 001 001

01

=L "1L9S ”“’ [ ”‘“ . (2.2)
nc 10 0'10 001 001

2
Hol =% Yie 1pCz ( e PT — DT [2 — AE)
2
UﬁE* Yie 1PT1 (E 1Pc,t~—Pc,z’~/2—AE) )
2
oie = 1PC ¥ (chﬁ PT.t — PT,5/2 — AS) ,

2
UOSIS = Z]'=1 PT,j (E{:l pc,t *p0,~j/2 - AS) ’
ofe’ = i X5 o (thﬂ —pri/2 - AE) (ZI—JPT 1= pr/2— A )
o6 = XI5 pry (El L PCL- Pc,i-/2—AE) (Zlepc,z pC,i/2 = AS)
AL ol WMW SA%e] BHYX) S35 F28 0 2 (asymptotically) thi® AFEZFLS
°l-g3t A3t (Lehmann, 1975, pp. 362-371). IBE A9 42| FFFo| Aolm FHA o

e IaZt 8 o F 2ol Y BES (nr = ne = n)¢d AY nol FiE Avid F4A3IY
2] (Central Limit Theorem)ol] 2]3}4],
Tip J19 To1

EE _ES EE _ES
VA(A - )~ BUN(0,Sa), 1714 Sa = K(’lﬁs o ) + ("355 s )} (2:3)

£ W EE47} UE AL nost nrrt RFAWE 74D ne/nr — AL W 4 (2.3) A6 thee] 4
(2.4)& o2}

. oEE SES oEE sES
Vrc(A — A) = BVN(0,2,), 97)4] =a = [( o 1505> +>\( O us )} . (2.4)
J10 019 o01 001
A (2.3)F (249)04 Bad ANFAZA Ba 2 AF 4 (2.4)004 E5F A4 Alole] AdAS

= 3 2t
afos + /\a(ﬁs
T VoIE T \BEAJoTS 1 hoip

(2.5)

2.2. Global @XH|2 T8ct M a2

TEA B (2.2)9 FAFE T3] AA, B FAHeE B 058 T3 FME T
CY &9 Waise] ZREE, & 2LHES golok an}. o] APEL & 219 T €9 55FH
PR FE HES A, AT AAA Aoly AR i A= E Y o FIATh. Agresti
(1984, pp. 15-22)= R x C &E 9 v daA I=2 X A 712 224 (odds ratio), &
local, local-global global 2 =¥lE AAJEL glon, FAHHET Q=] ¢, & o] &3td AYFES
T8 F A5 AXNFAT. B =R A 224 FolA global £2H|E 0|83t APHES

e

k

it
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T F, & 219 3 x 3 RERY 9] wgpelA & AneY FP FULER ZHT global
ZH] oy Tt 2

Z Z PCab Z Z Pc,ab

(o]
-

a<i b<j a>i b>j L.

Yoy = , % i,7=1,2,3; a,b=1,2,3.
Z E PC.ab Z Z PC,ab
a<i b>j a>i b<j

o
]

o] g3te] Jog AFAEEL b thed 2ot (Lipsitz 5, 1990).

wi1 — wi — dpe(We1n — Dpeape. i

,  for e, 1,
pCi1 = 2(pca1 — 1) e #
pci-pc,-1, for wC.ll = 17
@ win = (Yo — D(poa. + pe,a + 1),
wiz — wi, — dpe12(¥eir — Dpoape, el
fo 1,
pCas = 2Weaz — 1) r Yoz F
pc.a-pe,s, for Yc12=1,
&, wiz = (Y12 — V) (pe,r- +pe,s) — Yoz,
wa1 — Vw3, — e (Yo, — Vpespe, 1 for vom #1
pPc,31 = 2(1/;C721 — 1) ’ » ’
pC,3'pC,-17 fOI‘ 1[]0,21 = 17
@, wo1 = (Yo21 — D{pes +pe,1) — e,
was — wiy — 4Poa2(Po,22 — 1)pespe.s for o £ 1
PC,33 = 2(¢C,22 _ 1) ’ ) )
pc,3-pcC, 3, for d)cﬂ22 =1,
W wes = (Y22 — 1)(pes. +pe.s+ 1). (2.6)

vz 4g3EE 23 L PCii = PCuiey Doy PCLij = PCris Doty 23:1 pci; = 1& o83t 3
oh AR AE A2 NS AYREL A9 AelA) CF TR uie] 7¥h 285 27
NHE 712 22T A Y22 global 2247} SI3the 7HA oA, & FF global 221
Yij = Ve = Yrij g ©)88h] 7Tk

2.3. Jtd U HHEANY

P71 Anol e AP A8 B I AFHILA S GNP dgele 285 2
oA Q7= BT A trade-off BAE Y7 S Fohe EREFEA AXNTAT A
Aow olghisd Hs A4 A7} giel MFshs et (0,0)00 Tia trade-off BAE
g8 BxRs A £ = (€7, )9 At v 2tk @ dawo] do) AFE A HE, & 5
ERG7FEP > 0> 8 BE 7 <0< 70 APe R4 £0F fad 550 FHE 57
& A3t 259 70rg ad A4 S0F S71E trade-off TAE EAY Aolth. ot A
o BERESE ¥ > 0= A0 o kaAel FojxA ghem ol F7sRe Aelw, olg v
tE2 £F =0 < ¢¥o1d Bo] WoiA A ghewA el Frbeke Aot dwtHow A3 ok
ol & o F7hsHe A9 £F > 03¢5 > 09 A @A A Brbsslel IEskA] ekt

WMW EA#E °]83h=

T
oM,
4o

o AR BRY Bk (0,000 okl (0.5,0.5)7F Atk
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‘_‘S
(Safety)

A¥Efficacy)
38l 2.1. Null point, alternative region and test boundary for the WMW statistic

AL Holl Mg 2ol AN A7 e BERSL £,... £ 2AM 129D Q. (C RY)7F B3R
th. oA el 174G Q. Hox £,(k = 1,...,K)E0t O A e AFA A(E,) =
{A:AF >¢f and A > €518 o839 U, = A(£k)9] B2 E22 3 (convex hul) 2.2 B3
o A = (AP, AS) 7 a8 7]z oo £ 4 BEARL 1A +(1-9)A% (0 <y < 1)l
T ARMEE 7129 Q, ol 344 Aok 3 21004 7139 0, F& A (solid line) 2 2
AN thzHy g dojr}.
WMW ZAEAZL A AXZAF A9 22, & /n(A - A)7l 2AHR o2 FFol (0,0)°]2 F
Ew;@ol Sadl olvﬂak AFEEFS o33}, oqmi £a9 AZFHFA Bp 2 A A4S
q 2,9 BRL QT 45T A4 {A: AT = A%} g met ARZMEQ (05,05)F 22 o]F3HEA
Z']] 15 2&F(Type l error) & U5 of 934 "oy (29 2.1). &, 999 7} PI‘{A € Rlca)lA =
0} < a® TEIE 712 R(ca) = U — (ca; ca) AFE el ©] Rlca)® QoA HFH2E A
1% 2% o7t AHR (carca)E AT 7174 RAolTh. o TR IA FohilA] ok Q.9
R(c.) 58 712990lg ek E57 iAol 59U 2428 £ 77499e 465 4e o
2 gHolw whok 2248 we) $14 d0hd 4557 opd ZE2 249 £ Yok

2.4. 225 2
EESE 2R AaME 249 845 ¢(A) = Pr{A € R(c.)|A = (A%, A%)}7 278} o
BE T A 153 A 2% iwa} z} ) 7)Z2g Q3 AR EE ool o3 AR

Pr{A € R(ca)| A = (0,0)} =a,
Pr{AcR(ca)|& = (F, &)} =1-8, (i=1...K).

ojHigF AFRZE 7|7+ e] ths] o)FHE(double integration) 22 FTAH 7149 H Rlc.)S BE
37 n(=ne = nr)& T} o)AlF FRFRIAA ARY T4t F 2 AP, AT Azt giF) B
F Z7RE A8 ¢(€,),. .., 0(¢k) A FRIT] nd

min ¢'(€K) =>1-4

1<k<K

& U RESE AU olx Z BERESIAMY Ha FFGo] AN FRYEY 27 o
W EE SEEFNNY ARYL BN ARYEY 27) dEolnt
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i 3.1. Contingency tables of the number of patients and its probabilities(: = T, C)

(a) The number of patients (b) Probabilities
Safety (Yi,2) Safety (Yi,2)
“AYes(1 N Total 1 Yes(1 No(0 Total
Efficacy (Y;,1) es(1) °(0) o Efficacy (¥i,1) o ©
Yes(l) Wi,ll Wi,lD Xi71 Yes(l) 4,11 i,10 017,1
No(0) Wi 01 Wi 00 n; — Xi1 No(0) w01 w00 (1—0i1
Total Xiz2 ny— Xin n; Total 0;,2 1-6;2 1

FAA ANDAL e 2ok 2P 21008 BERSILF A £ = (¢, ) & = (&, &)
o 7129 0,8 455 ML wet (0.5,05)208 BY o|%d AW n, = (F, W) 0, =
(nf, n5)E 3k 71€7171 19 A OF @, T T A £, £,S A= A4S HYA AAd ©
2 o8B n, = (0, 05) = (e, + & — ) ZHE A 15 £F o DEES 225 nF A5 cF
2359 "o} B =R 2233 Mathematica®l FINDROOT 348 o]&3le] o™ FHEE
o o1FHAEG AY 7P nt B F7E-HL&(Newton-Raphson) o2 F33ith o] Aol
7t RS ge 3R o) thaA 2R DE 7 2R e we Wk AUBAE Aol
AR Y& A4

3. Thall2} Cheng (1999)2] T 24 ZH

o)A Thall# Cheng (1999)0°] A Al 3} O]‘?i‘%k ool Ao AHTARY BEs AP T
3] 4™k} Thall#h Cheng (1999)0)
SE AR A AAE A= vEA 2

mN
=2 3
>
rlr
o
ofr
flo
=
2
PN
oL
rlo
[\]
f
2
>
i
U

I3 AF X8R 7 (i = T,0)F BAIAAN 39 53 AR o
3.13% Zro] 2 kAT ZF Ao AL E W, 42t B wl, W =(Wi 00, Wi 10, Wion, Wit)
& B0 (mi00, mit0, Tion, m1) Y THHEE] weEth Jejnz E53 el BF 1, 5 Yesd
B X = Wit + Wio% X0 = Winn + Wi 2 257 42 (ng, 051) 3 (n4,0:,2) A o1 FE=Z
3, olul FEARL Cov(X; 1, Xi2) = ni(mi1 — 05,10,2) = ns(m:,117 00 — 74,1073 01)°lth

oRAE = AW XZo P B 16 1, RAL Y0 ?SPXW =1,0). E—J)r Hle
z

.
i = T.0), =9 E5sh SR DB, E Yook VoSl GRAE HBAG, S0
glom 47 che st ek,

i\ — V4, 01
Corr(Y;1,Yi2) = e (7r n = 0:162)
\/911(1 7,2(1_ 12)
by = T,1173,00 (3'1)
T4,1074,01

718 HgopAlet mmatel AY ABSFAY ESF Rl Ael7t AeANE Fokie AR
A Thalls} Cheng (1999)2 & 9 = Pr(Yi; =1 (
sin”!(0;;)"/ 28 Adsd, F 2yDe] vlme H)EFe A AT = g(0r;) — 9(0c,y) (G =1,2)2A
ARZL 97)M B4E A = 7 F AERTY T A AE
EHUTE T ARFATN Ao)7 '

2B
[
o
4o &
>
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e 7" T2l C2ol vdl ol 2 A5(EE ¢d4)S 7T dE 531, S9 & 7
CEo) Tl vid] o 2 E5 (= AL IS &

AR L e 2.3 W87} Zth. Thall# Cheng (1999)-2 £4F A3} W3 g(9) =sin ™1 (6)'/*&
o} g3te} E5Th A3 HE 0 = (01,02)9) QAFAF) § = (6,,0.)2 W), VAF AREAFY
A = (A, A%)=(g(61) — g(61),9(6;) — 9(62)) 9] EEE T2 2ol ATt

Vi (9(61) = 9(81), 9(62) — 9(62)) ~ AN(0, %),

5 = ( g (61)%6:(1 - 1) g'(01)g'(02) (w11 — 0102)) _ (a“ 012>
! g’ (01)g' (02)(m11 — 6162) g'(62)°62(1 — 62) o'? o622

a8nz 7 7o) nHe) BEST ¥4 59D £ BEe) AREAFL

mus

)

11 11 12 12
VIn(A - A) ~ AN(0,Zs),  ®, Za=2 ("c +or o + o7 )

0%2_!_0_%2 U%?“’U%Z
O]D]' 0:17]/\'] O'fb“{f Eg-g] (a,b)x]@g] —"dé\_‘o]];]. g(g) — sin—l(e)l/z_g] 76-]_([)_ gl(e) — 40(1 _0)—1/2o]
Hoz FATARY T2 uS G Fejr) A

V2n(A — A) ~ AN(D,2,), %, 3= (pl "f ) . (3.2)

A7NA paZA 718 NEZH AY BT FF FBAT pa = (po + pr)/2& BT 4 ST
o pi(i =T,C)& & 2280X S} vpA RN Z 7,18 FEE 78 Foll FHFE 0,1, 0,29 221
Yo7t BHAE 4 (3.1)0 A p; & FAT.

3.3. 24 2%
ZETE 2] AsAE 4 (3.2)0 AXE AASAZEE o188t ARY T

#(A) = Pr{A € R(ca)|A = (Al,A2)}

789 @(A)E A, n 2T ARAS pacl 8 ARATE BeA R(ca) nol FolRe w 7
ERSAY ARG ¢ (k= 1,...,K)E A7) A, 4 2 £, 7o) mek pad) gl Th=nE

weguitt Agdo s 4BAS pa s 2R A Dok BT 287 ¢ = gio = ¢¥rd
CHHEE 98w P8 Fol 2 ol el pazhe AV PYNYoIN 27EE BE3

7) 22 7 BRRSLAY FAAY ¢(8)), .- 6(6k) ) minicrcx $(€) 2 1 - 5T DFHI= BETE

olA] o] AR Ao i) WMW ARSAZeZ ALe EESE Thalls} Cheng (1999)8 ZE
49} W] 3r}. Thall? Cheng (1999)°] AIAIE AAAH 3 WA <Al AY 1L AHold AR=
250 @ si3tey o|ZAsbulo) = (ifosfamide) % 10g/m?0) 71& AR o)W o) 712 X R A
9} vlw sz} s AF A8 9= 3182y o] T Au)wlo) = (ifosfamide) €% 16g/m? )t} 71& A
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¥ 4.1. Sample sizes of Thall and Cheng (1999) and WMW methods for the ifosfamide trial with ¢ = 1.0

Design & =(8 Sk.2) £k Sample size
i k= 91 %,2) TP all and Cheng  Bivariate WMW | Thall and Cheng  Bivariate WMW

p1 (0.30, —0.10) | (0.322, —0.172)  (0.650, 0.450)

1 p2 (020, -0.05) | (0.221, —0.096)  (0.600, 0.475) 226 190

ps  (0.15, 0.00) | (0.169, 0.000)  (0.575, 0.500)

p1  (0.30, —0.15) | (0.322, —0.238)  (0.650, 0.425)

2 p2  (0.20,-0.10) | (0.221, —0.172)  (0.600, 0.450) 232 192

ps  (0.15, —0.05) | (0.169, —0.096)  (0.575, 0.475)

p1 (0.30, —0.10) | (0.322, —0.172)  (0.650, 0.450)

3 p2 (020, —0.05) | (0.221, ~0.096)  (0.600, 0.475) 486 422

ps (010, 0.00) | (0.116, 0.000)  (0.550, 0.500)

T(6c = 600.1,60.2) = (0.20,0.95) and &, ; = sin~ (6 ; + §;)1/? —sin ™1 (O¢, ;)1/2 for the k™ target,
for 3 =1,2.

29 B%H AFAGY FE2S = (Bc1,002) = (0.2,0.95)0]1, F o]Fuse] e=ulE o] oA
oA Yo = 1ozt T3 ?:‘“«17} AAG ZREFE Al 240.%/\1 7tzt p1 = (0.5,0.85), p2 =
(0.4,0.9), ps = (0.35,0.95)0]8], BE R4 A A p1, p2, psS 712X EA 0 v AR X5 FA N o
3 E5o] 242+ 0.3, 0.2, 0.15 T Z7beb7) a4 kAA ol 2442 0.1, 0.05, 0 AR ol S Frsiof
3= trade-offS BT Yth F 41004 8 = (6k,1,0k,2)F BT BEESS} 718 A FHA| Ao
9] 59 zolojm, ZFFEL =] ¢ = ¢ = ¢Yrol Y3 A Al 1% LFE o = 0.06%
ARAHL 1 -4 =082 B3 T 7t B LA F) 5L TR A= E AR AN F B2 %‘-%
£ 4.15} 2t

4.19) A2 19] 2L Thall#} Cheng (1999)8 EE4 AAAAL thda} Z2th od%F AAEX
°1FHEY Alf%‘ 2 FE-YS yyor 23 nit o c = 0.108298% BF n = 11124 F 2
FESE 222%0] Hu, o] wf 4 BEuAHAMY] ARHL FAHOR £ AL 0.793, £00ME
0.854, €590 4% 0.8010t}t. 23y} &1014 AAHC] 0.80% B RILR AL the £4 & Foy
c =0.107332¢] A%l n = 11324 F ¥ &2 E 226"3"] Ho o] uf & BIZXHNA HAY
L ¢, 9A= 0.801, &,901M+ 0.861, £;901A4+= 0.8082A4 EF 0. gpo| Aol FHSL 226WHOR Xj
o,
#4190 AAE AF 1, 2, 30 HE 2=
ol tisl AE 2& AF 19 w3l 2+ HeljA &
el FE2 005 A= 51 o} 1% = 2 Aol 7t gt 131‘4’ A
3 38 A3 19] H19) BEE S p, 2e 29 0057 9 el AL
H BEFAE 29) ]"1'.4 }o)7b E]— 3 olfE ol BpF A WolAe FEe Z7]7} )
g Zt} siete &gl thEk Aozt ?_73"39] apolof] thet A HTE o]F A% A7 (0,
o Moz Bg AN BEd U AP HE FL Aolg AP AN BEs
7 Aok s Aoleh. BEHOE, E 41l AT 2 ALNA Thallh Cheng (1999)] R The
WMW ol o3t 22571 B2 2HA At ot
T 9A oA AE= 54 54 WBH(acute myelogenous leukemia: AML)S 3ExsHer
A 712 X8E= Ao]EAl o}gh]:A}o| = (cytosine arabinoside: ara-C)olw A% X5 %A= AAE
¥l (gemcitabin)3} Alo]Z 2 E AT ulo] = (cyclophosphamide) ] Z@o|th. 712 X s %A A4
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i# 4.2. Sample sizes of Thall and Cheng (1999) and WMW methods for the AML trial with ¢ = 3.05

é; Sample size
Thall and Cheng Bivariate WMW | Thall and Cheng Bivariate WMW
p1 (0.20, —0.05) (0.258, —0.051) (0.600, 0.475)
pz (0.00, 0.25) (0.000, —0.295) (0.500, 0.625)
p1 (0.20, —0.05) | (0.258, ~0.051)  (0.600, 0.475)
p2 (0.00, 0.20) | (0.000, 0.226)  (0.500, 0.600)
p1 (0.20, —0.05) | (0.258, ~0.051)  (0.600, 0.475)
3  p2 (0.10, 0.00) | (0.116, 0.000)  (0.550, 0.500) 744 890
ps  (0.00, 0.25) (0.000, 0.295) (0.500, 0.625)
p1 (0.20, 0.05) | (0.258, 0.052)  (0.600, 0.525)
p> (005, 020) | (0.056, 0.226) (0.525, 0.600)
H(0c = 0c.1,80,2) = (0.70,0.62) and &, ; = sin~L(fg ; + 6;)1/2 — sin~ (8¢ 5)1/2 for the k" target,
for 3 =1,2.

Design 8, = (0,1, 0k,2)

334 462

436 576

4 240 282

i 4.3. EBffect of association on sample sizes in Design 1 for the ifosfamide trial

TC,11 0.2 0.195 0.19 0.18 0.175 0.17 0.16

Yo oo 2.239 1 0.351 0.146 0.051 0
Thall and Cheng 230 228 226 220 216 208 202
Bivariate WMW 190 190 190 188 188 186 184

¥ 4.4. Effect of association on sample sizes in Design 1 for the AML trial

TC,11 0.62 0.57 0.53 0.49 0.45 0.41 0.37 10.32

Yo e 21.90 7.27 3.05 1.38 0.606 0.224 0
Thall and Cheng 412 386 360 334 306 276 244 200
Bivariate WMW 568 5632 498 462 424 384 342 280

Y FEL 0c = (fca,0c2) = (0.7,0.62)0| 1, FA AF2RE EAH ¢ =3.058 2= Y3}
EETE AR A4l g8 A= BRES) O 257 A FEL 0|85t A
3 BRSE F 4.29 2

4.29] AY 194 REES pi& T50] 02 AE 7184 =9 AGL 0.05 = olFE A
ok 3k, pov HF AFHNEA H5o] TLH FARAA @A) A4 0.25 A= F7HEE &

> 8 o

o 8Lk

sk wo] AE 2= 9] poollA FAA ) 0.25 2718 H= Al 0.20 A 278 EXE T4
719 A 100 HF p2o] A hF FEo] 0.05 w7] W2l Thall#} Cheng (1999)2] TES;=
3340 43602, T8V WMW dhile] R HA = 462004 57622 Z7156th AF 32 A8 19 &
ZEF pz = (0.1,0)F 3} o] F718 HAZA AR Y 77k HolEE Thall# Cheng
(1999)8) BEESE 33404 7442, WMW vhie] ERSE 462004 89022 =4 7134t AE
4= 357 A thE Alole] BB B Frlske 408 RHsi AR JAARME s
3t Afoln AME BESIF FALL B 4 Iy & 4.2004 A 29 F¢ A 19 dFEL =
817) Rl 2LV S ARY, AF 39 AL AF 29 hHIIEE TF3] o] RS HE
.

olA] A:AYY HERl 22| Yool WetA HESF 37|71 F9A WE=AE goti7] HA E
413} 4.20014 242 AlE 19 eiA =ulE o8 72 US| A BE4E A4ete] & 4.39] 4.49]
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AP 712 ABZGATY A9 FF e = Pr(Ye = 1 and Yoo = 1) 22H]0 2317
W 2ol £ 4.37 440 BES9L 3 o] FEE AN E 4.30]4 227t FESF ZESTH
AAEY e2u7 FIRE AAE FES WEe T8 FA grh. ® 44904 & 43F HRT
FE Holx vt FE4o] HElFo] Att

o

H=2
=1

AN BES AR e B A7t AR YA, oM T W 28
a8 ol YA YA gt B =N Agss G535 g opdF sAwus
Wl olwE WMW A R 7hggle] AT 4 lom o3 i F R

stk BES AL ARRE oAlolA B E%F hAAe] BEE duEes O ¢l W
29 ojg Abde] BES ZAF] 4FE wA Urh. FH Thallsh Ch g (1999)2 vl&dl £
g3} WE Agte] FESE AR o VT I AN EeE
{a:A"=A} oz gAYl YolH WH A = g(0r;) — 9(0cy) (7 = 1,2)& 83k 4714
9(6:;) = sin 1 (8:;)/ 2ol B2 O AN U N 455 ZE o]FolAL HE, F 6,9
AL AL 4557} ofd 2= o]Folth. T# vt WMW EAZE o431 W2 B35S JUE ARS
BEE 455 AT ol5or F5F HAY ETL FAF Ay &S AT

AME FERS= 3 419 A% Thall?h Cheng (1999)9] HhiE T WMW ¥hie] ®ES71 Holx vf
¢ TR Aoy, ok o|ghAfe] A ¢ H2 RESE A & F Alv} THHEFE S
A A= etn 2 £ k. 53 WMW S o] Aeo Agshs AL 54
A5 7} ol = A st WMW HAAFAZY T840 2ol 740 tﬂh ZEL7HHS A
b Ty E 4.29 A9 oS 34 AdAd o#e AR & A olfrE

FoMAle] E53 A YT sl N BEL 0c = (6c,1,0c,2) = (0.2,0.95) 11 ERESH
o HlEX o]} NIRRT FholoA] BT @zkfd 03} 19 7P7ke vl ol BR o|Fu&e] W Fo=
AL gt ol **%941 g T %i— S0l wehd 53 B2l sk 7ol glo] Add WMW 2
Wo) g2 A3 ALl E 4.2% AL 7|E A2 WA 5T AL PP a}oﬂAM ggeo
0c = (0c1,0c2) = (0 7,0.62)01 1 E3Z}F ol F7he ERELAEY SR BF ZAF FAol AHE
= "]go)7] wlEo) Thall# Cheng (1999)9] ¥l o8 H257) o Ak

TES AR ARL AAZ S} webr o trade-off BERESO] H4 BT 7Y 71H
4] ARWE AF3N ok sh=vl] Thall} Cheng (1999)9] =FollE 7ZF BERS thak AAYo] £
22| 3.2 A9} 2ol AYEAL B FAH AFS FolE £ ¢k AAlzE RS 2HL 9Y
EERST7L QS u) 7 BEERSHIMY ARYo] BF ujE) AR 2T} 2 B9 BESR 2F
it} oo theEE AR AR A Ak Agel dx 7RG 3 @I} W A
o] Eo o]& RO Are] ARYeR FAFGTH
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Determination of Sample Sizes of Bivariate
Efficacy and Safety Outcomes
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Abstract

We consider sample-size determination problem motivated by comparative clinical trials where patient out-
comes are characterized by a bivariate outcome of efficacy and safety. Thall and Cheng (1999) presented
a sample size methodology for the case of bivariate binary outcomes. We propose a bivariate Wilcoxon-
Mann-Whitney(WMW) statistics for sample-size determination for binary outcomes, and this nonparamet-
ric method can be equally used to determine sample sizes of ordinal outcomes. The two methods of sample
size determination rely on the same testing strategy for the target parameters but differs in the test statis-
tics, an asymptotic bivariate normal statistic of the transformed proportions in Thall and Cheng (1999)
and nonparametric bivariate WMW statistic in the other method. Sample sizes are calculated for the two
experimental oncology trials, described in Thall and Cheng (1999), and for the first trial example the sample
sizes of a bivariate WMW statistic are smaller than those of Thall and Cheng (1999), while for the second
trial example the reverse is true.
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