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BN DVNEZNEE | FHOBBEEOHERKNRKEL 2o TN D,

£ 2 JEBPEOLEENE S GE OH—FOEBRHER OB ARORE (HIRISRMA2 L)

B (%) o o TEOWRER | H - ROMER R
(a”) DIROEIE (%)

80 2.8016 0.07996 60

85 2.9963 0.07624 52

90 3.2415 0.07244 45

95 3.6048 0.06824 36

AT RO RERF Bz L . 65 (2) LG (z, ) DBIMRE X 1 1R LTz, JEFIE DTN
PEDIRWVE AT OV TR, FRFRNTIRE S = 1/2, 1/3, 2/3I2 DWW R Lz, JEFIEROZE
EAEDR WSS, R ORI EL 7221251 T B KREWIZE), Hlv7 L
TWab,

6o n K912, 6GF(z,) L6 ()DIRITREL Bip-oTERY | MOl
PR D FREMD D D Z L3005, Gf (2,0) EGE DR FIE, & tITONWTENRZ 2
SAFIEL, 2 2O MOMOKXM T, 6f () DR KEL, TRLANDOXFETIE,
CI(@DDFNREL o TN D,
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0015 7 G_function
-- GO=1/2
—-— GOt=1/3
""" GOt=2/3
— Gnf
0.0104

w

=

=
]

(1.008 A
. v
# 2
)J’ J,‘
+ * .,
o . ~,
s ," “\
0.000 1 e T
4] 2 4
z

2
X1 z&, GH(z) L Gi(z,t) & DR
2213 JEGIED LR ETRENEZEE SN TNSEEDE—FEDALER
IR CIX, FHEE 3 DIEFIEUCHIKID 720y (BRSO FRMAREE SILTUV7eWy) HAE0H
WCOWTEHIA L7z, LoxL7Zenn s, EEERIE, BRRERICE A
REINDHZEBEZEXLND, £

— R DR~ DR
2720 SEBIE D EERANER
FERIZ DN THE %
IERE LT,

SNTWAEEIIBIT A,
_%Ob\

- L

W OFHIFINREND Z &1
AETIL, JEFEICHRIDNEEN TV AEARICBIT A28 DR
W T, BRHEINTINTNOEE D 85%!

%o 7233, Shun (2001) MG
FP, JEFED LR E FIRAZNZE NN pax & Nopin (5% TE
Z 2T, RO I R O HEE (S, |

—HEOEBHERICONTE XD, 2
T, JEBIEIILA T OWRERANE > TRESND b D ET D,
,20°
n1+K=CﬁA_2: Ninin < N < Nipgy
61
N > Njax

Nfinat =\ N,,,,,
N < Npin

Nmin:

Npmax TH 2 & & D PRFEATR DIEGIHn, & OBELL 2 Z N ZE Mty
= Cﬁ vV tmax &7 Do

N = Npin. N
nl/Nmm tmax = nl/Nmax el an zgZ(Nmin) = Cﬁ Y, tmin Z(Nmax)

BITE TR LT26E(2). Gz )EFIA LT, kDL 5 2B (2, )%

»—»—,(3
— — N

14



G%(Z): Z(Nmax) <lz| < Z(Nmin)
Gi(zl t) = Goi(z, tmax): |z|] < Z(Nmax)
Gi(zr tmin): |Z| > Z(Nmin)

oL E | EFOMWRHERE O KO E oy I TR TR EN D,

Qgiff = Zf Gt (z,t)dz—a= ZJOO[GJ'(Z,L“) —Gi(z,t)]dz

2% 30 Nmin %ﬁﬁ% D+Eﬁjﬂ?@ﬁ{ﬂ§&]vinitial max% ernltlal & L/f:— $i@ BIGiES
%%®%k@%ﬁf%é PRBENTRE RS BT L B REWIE L), Fm&®iﬁﬁk
EWVEE, FHEOBEBRMEROMROBENRRE S LoTND Z LD 5D,

*3 ﬁ@ﬁ@ﬁ@mm&Tmmmﬁ RE STV DEED
— OB R O RO
(t = n1/ Ninitiat « Nmin = Ninitiats Nmax = "Ninitia)

— RO IR
DGR O
1.5 0.00466
2 0.00737
3 0.01028
4 0.01175
5 0.01262
1.5 0.00538
2 0.00879
3 0.01275
4 0.01492
5 0.01625
1.5 0.00531
2 0.00909
3 0.01375
4 0.01645
5 0.01818

t r

1/3

1/2

2/3

2.2.1.3.1 Eﬂﬁ@iﬁ%ﬁit%éﬂﬁﬂﬁ%%ﬁb@h%é
¢W%ﬁﬁ’”ﬁéﬂtf@@ﬂﬁFW@@L@mm%ﬁzt . PRBRE R O SE
BN irir & T D RO X 5 ZIEFIE DR EH A D 4;wa%zé

15



R n+ K, Npitiat < N < "Nipitia
Nfinal =
Ninitiai, N < Ninjtia1 07 N > rNipjtiar
ZDEZE, z2(Npnin) = 2(Ninitiar) = Cﬁ Vt, Z(Nmax) = z(rNinitiar) = Cﬁ v t/rchd, %
7=, GEEOEUTO LI ITER L L X,
+ G%(Z), Z(Nmax) <lz| < Z(Nmin)
G (zt) =
G(]—L(Z, t), 1zl < z(Nygy) or |z] > z(Npin)

F OO ROREIL, RO X IckREND,

=Z(Nmax)

Z(Nmin)
c%ﬁ=2{f WM@—GMLOMz+f
Z

(Nmax) —2(Nomin)
F A4z, PRI = 1/3, 1/2, 2/3, r=15~12 (KK) OHBEOHE MO
M DORRORRLE &R LT, PRIBRHTING L = 1/30 38 I3AE G _EIRDSHBRGHEIRG OIE
IO 5 (EOHAH - FROWRFEEORK L, PHATIE = 1/2, 2/30581%9
G 12 EOBAICHE—ROWBRAFR SR L, ZOMOBAIE, H— R0 BiHe R
LT,

[@@—w@m@}

* 4 JERIED EIRZ B X TG AIIERIEEZ L L LR WEGEE0
5 TEO MR R O R OFESE

55— R O E R
t " | omkomE
1.5 -0.00048
2 -0.00091
173 3 -0.00046
+ -0.00050
5 0.00009
1.5 -0.00118
2 -0.00242
" 3 -0.00335
4 -0.00315
8 -0.00032
9 0.00036
L5 -0.00229
- 2 -0.00489
3 -0.00693
+ -0.00682

16



—FE AR
’ ’ @%k@ag
5 -0.00600
11 -0.00035
12 0.00039

2.2.1.3.2 EFHZTER LG, FEBLSEHHEE

HERAT I B S IVTSEBIEN 2N . IR RF O FE BIBOR T iviEng . FHEIRFOSE
BilE A BBl D 72 BI1ENpia . TAVLIAMIEEIREG OIEFEE T 5, D K 5 2RIEBIE DR
ERAMOLGEIZONTE XD,

n+K,  ny <N < Niitial

Nfinai = { na, N <ny

Ninitia, N > Ninitial
ZDEE Z(Npin) = z(ny) = Cﬁ Z(Nmax) = Z(Ninitia) = Cﬁ VETh D,
F2. GFO)EUTOL I ICERT D,

G5(2),  2(Nmay) < |2

Gr(zt) =

G5z D), 1zl < 2(Nmax)

2213 HDayrs P& AN T, PRI R Z Z XTS5 E O, H—EOBEBRHEROH
RKOFREAZFR ST Lc, TR EVIEE, B—FOMERMER O R OREE D/
SN ERbND,

z = 2(Npax) = Cp VEDHE, G (2,1) = GH@) W= S D, 72, 2> 2(Nppa) 1T
56 (Z,)I6E(2)THY . M1 2025 ZDOKETIEGCE(2) > 6 (2, ) ThH Z &b,
DIEFRFERDER T 2DIEFHA S0 TH D, TR ORFEAFVIZE /NS WEL),
GHIIEH M~ 7 ML, GHEGFDRHIDHENRREL 2o TH Y, FHRAER L MEmR
LTWBZ ERbnd,

#5 EPHITET LAV, $ D SEB A0
DB ORI ORI

5 —FR DA SR
t DRK O
1/4 0.01443
1/3 0.01102
12 0.00564

17



—FE DR
t DRI DRLLE
2/3 0.00194
3/4 0.00078

22133 AERFTE R DAEGI BT TR T 0. FILT H5F

AT CHRET L7 EBIEOUERBIAN D 5 6 A RIREATIRF I 5 H S 072 BN 23 B iR 0
TEBI BN ity 2 £ D 72 5130, &5 RO L5 IEBEORTERADOZEITONTHE X
%)o

nm+K, 1y <N < Niitiar

Nfinal =
ny, N < n, or N > Ninitial

77, T )EUTOLHITERT S,
G%(Z): Z(Ninitial) < |z|

GE(zt) =
Goi(zi t)l |Z| < Z(Ninitial)

2213@@mmn@rt%%uvc F 6 [T e = 1/4, 1/3, 1/2, 2/3, 3/4(Z%t
EIRAY s 01 %4@%%@&F%W%Tbtow?ﬂ®%é%% T D MR A =2 203 ol
DU, AT A L0 B — AR O RA R AN LTz,

F£ 6 REREFIEEFOIEFIE CTHER T 20, FIET 25560
H—FEDE :ﬁ¢®ﬁk®ﬁﬁ

—FE DR
t ®%k®&E
1/4 -0.01782
1/3 -0.02275
1/2 -0.01526
2/3 -0.00263
3/4 -0.0007

2.21.34 EFHDEREREL. HEI—EDREANERSINDGEEIC,
EGIHEEMSESH5E
2.2.1.3.1 HOFEFPEOPTERLANZ, PRSI S H S I EBIEN SEGFIE D IR %
AT EE. SRBRE IR OREGIEN i1 (SRR E T DBIAITH o 72, ARIETIE, NES]
o ERZBIZGETH-TH, EFED LR (Npax = rNpigia) (SBT DT

18



1 — Buinbh EHEER SN D GG imeal =1Nipitian & T D RO X 9 72 JEFIE DY EHR D
BlZOWTEZ 5,

n +K, n < N < rNuitial
Ntinat = 3 "™Ninitiar ~ "Ninitiat < N < n(Brmin)
Ninitiat» N < nyor N > n(Bmin)
22T nBun)lE. HABEAEAKEEEZa, BEREOEMZS, & L. M1 — B &b
RTEDLICHRESNTIEGE TH B, £, (2 t)%uT@J: INEFET Do
G&(2), z(rNinitia) < 12| < 2(Ninitiar)
Gtz t) ={GE(zt/r), 2(n(Bmin)) < 2| < 2(rNipiriat)

Goi(z, t), |z| > z(n) or |z] < Z(n(ﬁmin))

£ TIZ, a=0.05, 1= BpinZ 75%. 65%. 50%. t=1/3, 1/2, 2/3+L L., r& 1.5 I
D IEIZERE LTe St OF— O MFEMER O R ORREZ R LT, 1 — Buin =75%D
Yatr. HRIENTIE R = 1/30%A IEFIEL D EIRASRERG H R OFEFIEL D 4 (5 DA IH
—HEDOWFRMER ORI MRS S 4, TR R = 1/2, 2305813715, 9 F0%E
u%—@®uﬁﬁﬁ@%ﬁﬁ%méﬂto%@m@ﬁAﬁ 5 —HE O RAHE =R O P 703 e
RENT, F7o0 1= B z/hELT2I1FE, B HOBRBRMEROEROBRENKE /2
D2 ENERE NI,

x71  JEBFEBOLEREREL. HD5EDORHI RSN DSEIT
FEFIEZ N S 5560, F—HOBRAMEROH R ORE

) . 1 — Bmin
75% 65% 50%

1.5 -0.00079 -0.00086 -0.00066

2 -0.00101 -0.00086 -0.00031

13 3 -0.00059 -0.00006 0.00096
4 0.00018 0.00091 0.00215

1.5 -0.00207 -0.00242 -0.00231

2 -0.00305 -0.00309 -0.00247

3 -0.00318 -0.00261 -0.00125

12 4 -0.00243 -0.00148 0.00027
5 -0.00147 -0.00031 0.00165

6 -0.00052 0.00077 0.00283

7 0.00037 0.00174 0.00383

2/3 1.5 -0.00421 -0.00503 -0.0048
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) . 1 — Bin
75% 65% 50%

2 -0.00625 -0.0064 -0.00528
3 -0.0068 -0.00592 -0.00383
4 -0.0058 -0.00442 -0.0019
5 -0.00449 -0.00284 -0.00014
6 -0.00319 -0.0014 0.00138
7 -0.00198 -0.00013 0.00268
8 -0.00088 0.001 0.0038

9 0.00011 0.002 0.00477

2214 EX2)

AIETIE, Shun (2001) MO > T, FHEEWHR T TOREFFEHEEIZ LD HE—FE O
SRR A~ DB O\ TEHB LT,

FEBIEUIZHIBRSER STV WA, Bt Lo /1723 80%~95% D #ifA Tix, & —F#
DIRFAFEZEDHKT 1.8%~3% DR A AL, RTINS WIEE, HROBEITKRE o
7o 2212HZH), AT ILEME S hRHIEITZ i L2 WIEE Th>Th, FH—HOml
FAFERDEERT 5 Z LRI NI,

FEBIEL D _ERLTIRDRE SN TV DHE ., F—HOWMRRMER O KO L, SEFIEK
DOREHANAE > TERSN DX TRT Z LT, FREMET ORI, FEFED -
R, EGIEROWRERANC LV Bp > T b, FEFERD LR E TRAERE STV L5650
B—FEORMERE OB L, 2.2.1.3 HTHH LIEFBORESRABNCEK S ICE L DT,
# 8 DML @IE, HERATIREIC L ) S AVTJEBIEN ASEBIE D IR A 2 72358 D Nping D
EDFITENR DY, TIUTL Y F—FROMMRMEROETNE > TnH EEZXLND,
HRIARATIRFLC B S AL REBIERN 23 ERRZ M8 2 7235802 JEBIEED IR (Npax=rNinitiar)
2 Npin ERET 256 (8OO, H—FOEMMEDOM KRR LN, i,
T DRSS EE L, EFIED ERAREWVIZE, WMROBREIIRE o7
(2213HBM), —FH. NB EREABIZGEIESRAZE L2WEGES (X8 D@D
B IEFFE D ERAREWES GHEERE RO 5500 ) ZRE | H—fEoimiame
DERPH BN h o7 (22131 HBH), EFRO EREZREL, 5 EOME MR
R SN DG DI, FEBE AN S 5356, FEGEOBEME AT 2RI ORE S
NS T 2I1FE, FBHEOMWBRHEROWERKOBENKREL 2D 2 LRI
(22.1.3.4 THZHR),

#8  JEBIED LR & TIRPERE L TV D56 D% —TE O RAfHER 0 248)

20



SEBIEOPEBR (Npingr) —FE DA D )
N+ K, Nirit <N < "Nipivial EPF%%@*}?H%?EZ’)%EU\ TL| EIE D
N ERPREWIZE, F—FEOERME
Nfinai = { "Ninitiav N > "Ninitiar
BRRKI U,
Ninitiar N < Ninitiar
FH R FR AT BE S 575§$1/\ T & ERED
ERNARRKEVIEE, F—REOIHEEM
e ny + K, Niitiat < N < Nipjtiar BRI,
rinet Ninitia» Otherwise *ﬁ?ﬁbt LTI, Z<O%HE
— MO RFEMERITA zaﬂkﬁ%?
\—ﬁﬁﬂﬁﬂ b,
n, +K, n, <N < Ninitial HRRATRE S N VNZ &, B —F D
N MWRARER N R XU,
Nfinal =3 "n, N<n
Ninitiaiv N > Ninitial
R} A R SRS VY E R e 7))
R n; + K, ny < N < Npjtial TERREHEAR S,
Nfina = _ ifﬁ%ﬁ L= Tk, WInogHatb
s otherwise — O IRFRMERE DAL FAKYELLT
\—Fﬁlhﬁﬂ b,
HH R FR AT FE S 575“?'1/\ T &, ERED
nq + K, n< N < TNinitial J:Bﬂﬁ)j(% v i & *EO) Eﬁ
N N N < N < n(Bmin) HIRE
inal = \ "WVinitial, "Ninitia N Pmin _
final taby T mitiat *ﬁﬁbf:"ﬁlf i ZLOBAR
Ninitia, N <nq 01 N > n(Bmin) — OB AR 1T 4 ;vkﬁuﬂ‘
\—ﬁﬁﬂﬁﬂ b,
2215 RANEH

at = zda(—C[;) +2 f_cgﬂcb ((z - ’1 +n£1Z“/2)/\/nzl) P(2)dzDEH

K> 0054 zN=\/%zn1+\/§zK B LCHEE 5 &

21




ny K
PT(ZN > za/2|Zn1) = Pr Nan + NZK > Za/2|Zn1
n K K K
=Pr| Zx >\ 2q/2 — Nan / N'an =Pr{Zx<|(Zp — |1 +n—1Za/2 n—1|Zn1
K K
=@ | Zy, — 1+n—1Z,x/2 n—l

L%, ZZIT. OOOIFEEHEIE AN O BN L T2,

n% LK_LVC\
Pr(Z —Z Z =¢ —Z, — [1+—2z —
( N < a/2| nl) ny 1 a/2 1

DNEEDN D,
K=0D%EbEE L., RO XD AT 5B TEOBRMEROBRE ERT D,
1, zZ = Cﬁ

H(2) ={@(f* (@), lzl<C

H™ (2) = cb(f-(z)), Iz] < Cg

2L f (Z)—(z—\/rza/z /\/7 f (2= z—\/rza/z \/7&?”6

IDEE, (@ =fT(=2). H (2) = H" (=2) DERAARY 525,
EBHIC, GE@DERD L IITEET D,

G5(2) = HE(2) ¢(2)
ZoEE, BoHEOBRERIL, 5@ MW TKRATET ZLnTE D,

Cp Cp
G (z)dz + f Gx(z)dz

a* = f G;g(z)dz+f Gx(z)dz = 1Pr(|z| > Cﬁ) +f
—o0 —0 —Cﬁ

=Pr(lzl > Cp) + [F HY @¢p(2)dz + [ H (2)p(2)dz

= 20(—C4) + 2ff§ﬁH+(z)¢(z)dz (#)

22



222 RBREFELEFMNBBHEEDAE

ARIETIX, FFTHT O B0 hED | 2 2T =T WA T B - MERMEF k2 4
LT 2L O FEE M F COREMBEHEEZBET S22 L &35, TILEEZLITOX
INTRRIE L. BN Tp, < ¢ DL A ITIREBIELUITEASND LT 2,

B ikif p; <y
fEAEMER IR if py > ag
THETT—a SERBER i o <p < ag

SEBIEZ WD SEHT X TT—va 3B LW L LT 5,

3AT VU ETOEAICEL T, UTFOFKEICTERL TWS@mX I TF A M
FBITD o DT BESRE -0,

2.2.21 —HEDBRERZTHET 5-ODFHE

ZTKIE“C“ I, HEEBR T COREGIEEHEEIZI T 2 5 —FEOEMRRMER O S LI OV THA
I %, BB FEOMERMEROFIHGIETEEIRR SN TR, RE< QT TUTD 3D
77°U“—7" W END, H1OT77r—FL, HAEKE (Combination test) (2K 5515
ThY, EAT =V DOEHBERITONT, TNENMN L TR LNRERE & (Xidp
i) ZHFANIHE LB L » THRE T 28EFIETH S, Bauer and Kohne
(199421 Cui, Hung and Wang (1999)B1, Lehmacher and Wassmer (1999)], Chang (2006)151%%
Wb, #2077 a—Fik, FM(F&BRE% (Conditional error function ; CEF)
WCEBFETHY , FANTHE LRI SRS & | FEAE T T 5 H1ET
& %, Proschan and Hunsberger (19951 X H 1T 6 b, B30T Fa—FiF, 7X 77—
VarvON—NVEERL, FEERTFA U ERAEOT A — T RREFEZHCTH, B
—REOBRERPPR L RVEATESIROEEZHFA TS LT, F—RHOBRERE
HE45 F#TH 5, Chen (2004)1%° Mehta and Pocock (2011)B4E 23 1F H 5,

2.2.2.1.1 HAMRE (Combination test)IZ & %A%
AL TIL, MEMREIZ X HRENRTTEZFEI T 5, Bauer and Kohne (1994)12113
Fisher DIEHMEIZIES X | HAT =V OplEOFZ W TplELZ /A L, FAMAZEH L7,
Cui, Hung and Wang (1999)BI1L, & AT —T D Z RERFH EZ2 FRICHE LI-EA THEAT
L ERE LT, Fio, [FMFEIZHEZE &7z Lehmacher and Wassmer (1999)4%, ¥ IE B4
ERHWCZOBEAMITFEEZ L LIz ik L e > T b, Chang (2006)513% 27— Dp
EOFZ W THRERG RAMEE L, A2 - EISEP I OBER, REEpEEZHET D
t@@%%ﬁ%%ﬁbtoit\%mﬂ%Mﬂ@?#XF@pﬁK%6<ﬁ%%*ﬁm
RIS TV D
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(1) Bauer and Kohne (1994)2® 7%
I ARG T2V T plEIE[0, 11D —ERAARIZHE S 7o D, —2logpld, HHE2 DA
TERGMIWED, Lo T,
—2logpip, = (—2logpy) + (—2logp,) ~ x4
L7200, TR, AU T OL S ICRETE 5,

12
p1p2 < cp = e 274177

TRDbH, p, <cp/p1 ThHD L SN2 TEHT 2,
IOl E, R T CH 2 AT — Y ORIEEIN TR S DRI

Qo Cp/P1
Pr(a’1 Sp1L=appe < Cp/P1) = f f dp,dp, = cplog(ay/ay)
a; Jo
72 WBRAROE —MEOWAMHER ax AW T, LTFTORXEW 7 TH#E T, ay, a1 %
RIET D,

a = a; + cplog(ag/ay)

(2) Cui, Hung and Wang (1999)Bl, Lehmacher and Wassmer (1999) Yl 75 i%

Cui, Hung and Wang (1999)Blix, LA F D& AT —2 O Z MERFT & 1 W CE AL
LA LT FIEAERE L, ERECEHEE OREL— T 63, iR T ¢ —
FEOWRAMER PRI SN D Z L 2R LT,

Z Mg+ |2z
CHW = 1 2
Ninitial Ninitial

LoT, AT —VOpfEIZLLTD L ST/ 5,
1-dZ) :H1AT—
t—¢@wm:%2x?wy
Z 2T, BHEER DIERIEA,, Nemg T2 < SEDIEFIEN, . Niiriqr & IV TV 2 RIS
BEVBLETHD, £l ZOFETTRHNT TEFBOEMARAE LRWIEE. BEIER
KTFWA L ERICFTA =T RIRERF B pgive & — BT 2 HDBBHDO—DTH D,
RIHIZHER & 7=, Lehmacher and Wassmer (1999) 4|3, & A7 — U OpfE & Wi EIEIZ
EDSEHETHZLICEY ., EERSMICHED = RARA DB T2 < AR 722
EHop oy RiRA o MR ATREZR — b ST HE L 72> T D,
Ziw = w1 @711 = pp) + W @71 = po) = wiZy + w7,
Z 2T, EHAHwy, WolIFANCHE S, wi+ws =1Tdh 5, Lehmacher and

Wassmer(1999) 1 ClL, EAT—VOEAEZFREE Lizw, =w, = %%Tz%};‘é L7,

XoT, ERAT—VOpfEIZLL FO X H 12725,
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1-d(Z,) 1 AF—
t—@@my%ZX?~V
INDHDOHEZ, AR - BREMEP A TR 2 £ L7 HEa Tb, LilopEz
FIH LT, Pocock <> O’Brien and Fleming % DREZRR T ¥4 > CEIH Sz b5 R ey, ay
& AT DO FE R, & T D FRHFRETH D,

(3) pEIZE DK HED—HRE

ATE T, Chang (2006) %], Chang (2014) P17 & 2 MZ L - THERL S 7z pfEIZ HE-S<
TEO—ALIZOWTHRENT 5, FAT =V OEHDIEARIZ L > TH LN pEDOM ARG
FEFMH LT, BUEMFHR, A% - MEVEP IO, FREE ZplE 25T 5,

BR) - BASHER AL RRfT A T 22 & L, B 1, B2 A7 — U Cpfiic sk
SLIREMFHET,, T30 NTE EOFILEELZLITO L HITERE L, REMHTTT, <
ey DL AR BN TR SN D LT 5,

FRPIEf T, <
LS L if Ty > ap
THETT—a SRR if oy < Ty < aq

JREENGH T CTH 1 AT — VOB NEN SN DIMRZ Y (). H2 AT —VDOJmiE
AR SN DR EY,(cp) LT Do Y1 (a)ITTyOMERE LRI fr, AN T, UTO X
INCHZBND,

Y1(ay) =Pr(Ty < ay) = f 1ledt1 =o
0

Flo, H2AT—UICEET 72X, H 1 AT — 2 TRBRKR A I S D LB
DY Pa(cp)E Ty T,OREEERE S, r, 2 T, BLITO XS5 b5,
1/)2(cp) = Pr(a1 <Ti<ay T, < cp)

ay Cp
= f f fr,m,dtdty
a; Jo

X o T, MBREEROE —FEOWMBRHERUILL TO L 512725,

a=a;+¥,(cy)

T, Bl 2 AT VORI TH D Hyy & Hop DFEGRH: Hyy N Hop \2% 3 2 pfiC
o HIHEEHEIL, BEAT =V ORERFERET, =t T, =t, ZHW T TO X S IZEH
I b,

t 1 ATV
{%+¢Am=%2x?~y

F2AT—VETEZELESLS. 6 < T RDba; +9,(t;) < aDE T )w BER LT EE
Hahs,

AT, EAT —VOplEZEHAET HLL D 3D IFIEIZHOW TR T 5,

@O @~ OpfElz 3> < J7ik(method based on individual p-values; MIP)
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@ plEOFNZEES < Fk(method based on the sum of p-values; MSP)
@ plEDFEIZHEE-S < Fik(method based on the product of p-values; MPP)

@ fi 4 OpfEizE-3< Gk (MIP)
EAT =Dl % OpfEize =D F FREMRFHEL LCHAT S,
Ty =p1
T, =p;
Ty, TRIFMNZ22 DT, RO S & TR, frr, =1&£7220 FAT =BT Had
MEIXZENE,

aq
Yi(a) =Pr(Ty < ay) = f dt; = a4
0

ay rcp
Ipz(cp) = Pr(a1 <T,<a,T, < cp) = f f dt,dt; = cp(ag — ay)
a; Jo

F o T, MBREEOF FOBBHERaILLTO L 512720 TR &7z 3 #H Tay,
a;, ERET D,
a=a+cp(ag—ay)
Flo, BEAT—VORBEEHpEIZLTOL 9125,
T, 1L AT—Y
{a1 +(ag—a)T, : 52 AT —
MIP IE, FEFIZ TV Th Y | %32 MSP, MPP 72 £ DL % kT 5720
() L LTAMTHD, ZOHEZ, BRBRLAT—UNbOMEINT — % 21
LW R TR TH 5,

@ plEDOFIZES < FHEMSP)
Chang (2006) V%, H{ AT —Y OpfEDOfZfgERitE s L THHT 2 HiEaRE LT,
Ti=p,
T, =p +p2
Ti=p1>cDEE, T,=p+p, >Ti=p; > &RDODT, Ty =py > cp NILRMEF IE
DEES LT D,
Lo T, ERT—VIZBIT DaDEEIZENE,

aq
Yi(ay) =Pr(Ty < ay) = f dt; = a4
0

@y rcp
f dtydty : ag < ¢p
Yo(cy) =Pr(ay €Ty < ap, Ty <¢p) = @ 7h

p rCp
f dt,dty = ag = ¢p
a

1 Yt
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BORtH &7 & 2ROE FOERERAIUATO L 51205, FR&zd#

VC\\\ aO\ al\ Cp%%&’ﬁiﬂ‘a—éo

1
ay +Cp(“0_a’1)—§(“g —af)ray < Cp
a= 1 ,
a1+5(cp—a1) tQy = Cp
Flo. ATV OREF HpEIZILLTO L 512725,
T1 :%1%‘7—;“—:‘/‘\
1 .
a; + Ty (ag — ay) —E(ag —ai) B2 AT =V and ay <

1 .
a1+§(T2—a1)2 2 AT —Y and ag = ¢,

@ pEDHEIZHES L FIEMPP)
REMHBEEZ{FEAT —VOpEOE & L THIHT 5,
Ty =p1
T; = p1p2
P1<cDEE, pip, <p1 <72V FAMENT TUPTIRIRBLUITEA SN D120,
B ke L C B BN, DT, o> ERET S D LIEEE LS ap >
a; > ¢y ERET Do
AT =BT DalHBEITENEN,

aq
Yi(ay) =Pr(T) < ay) = f dt; = a4
0

@ rCp 1
1/)2(cp) = Pr(a1 <Ti<ayT, < cp) = f f —dt,dt;
a; Y0 Tl

BIORtHE 1T & 2ROE FOERHERAIUTO X 51205, FRN&zd#

VC\\\ aO\ al\ Cp%%&’ﬁiﬂ‘a—éo

+ 1 (ao)
a=a Cyplog| —
1 p 108 )

Bauer and Kohne (1994) 20 J5i51%, £ e, = e~ ) L7726 Th 5,
Flo. BEAT =V OREF HpEITILLTO L 512725,

{n L1 AT

a 8
a, +T210g<a—0) {2 AT —Y
1

e

S

Z Z T, Chang Q014H)PITHIIT S NI AARRYHHIZ SN T, pfEOFZ S < ik

(MSP)IZH1F 2 MR BIZ RT3 5,
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mEBE AR E Lz, BRPHEROT T2 REED 2 BEARE L7258 AR 2 48E
%, TFHEFMIEHIL, FEVI OR—=2T7 A4 U NEDOEAERTH D, _X—ATA b DE
BRITT T AR, EFEBPETENEN 5%, 12% & T0E S, EERZEIL 22% L 8E L
Teo W T 1HEHTZY 208 Bl THNIEL, Filla = 0.0257T 90%DHEH A HIFF S D,
50% DPLERE DIEEFE ST RS T MSP 2 U7 H AT 251l L T 5, Wik A
a; =001, ay=015LRET DL, FakdEVc,=01871Th oD, REROMER, #H 1 A
T =V Tp = 001235 61 (o < py S agDT=ORBREMEGE L72), 2 AT —V Tpy =
0.180F b= &4 5, fiE->T, MSPIZES MEMHRIX, 0.012+0.18 =0.192 >
¢y =0.1871TH v | JwEHTUITRA S N R0z, Flo, BRI 2 %
%%nwmi\%+¢ﬂ%—a0—§@£—aﬂ=001+092xm15—am)—
%ma?-ooﬁy:mn%8>a=am5kﬁ@\F@@ﬁﬁﬁﬁﬁﬂhéo

#9 MSP 2B Dag. ai. ¢

Qo aq 0.0025 0.005 0.010 0.015 0.020
0.05 0.4999 0.4719 0.4050 0.3182 0.2017
0.10 0.2820 0.2630 0.2217 0.1751 0.1225
0.15 Cp 0.2288 0.2154 0.1871 0.1566 0.1200
0.20 0.2152 0.2051 0.1832 0.1564 0.1200
0.25 0.2146 0.2050 0.1832 0.1564 0.1200

Note: J7 1l a = 0.025

2.2.2.1.2 S+ =E35B9%8 (Conditional Error Function ; CEF) I2& %A
&

Proschan and Hunsberger (1995)10113, e+ & MarBask 2 FIH L, 5O 2 i
W5 HEEZRE L, 1 ATV THLNRERRE CUdpE) X%, -
FROMFRMER DT S MR LR U, Sl O E D FER icopp & T 2 H1ETH
ol

A(p)%EPp DB LT, &1 AT =V CTRERIGEDHIB SN HGEOHE 2 AT — VD% —
FEOEFBEROFM T E MR LT 5 & p IR EEEGL T Cl0, 11O D 728, R
BRAERDHE ORI T DL 912D,

[44]
a=a +f A(py)dp,
aq

Alp DI, p AT — NV ORIAT X MFABIE L FEIEIL, 0 < A(py) < LDEE OBV B (Z
AL — )V DGEITIEINB%E) T 5, Proschan and Hunsberger (1995)[001%, AT OBk & 42

EDy
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Ap) =1-0 (VoA -a)P - [0A-p)P). & <pi<ay

HAEIAT TT A — 7 I BUEM R B Z pgive & O D %6 . SEGIBFFHEE % O 5% —HL O 7R
HERDFMAT T HERIIUT DL 912725,

Ccery My + 7l — Z1\/n_1>

Pr(Znaive > CCEFlHO) =1- (D( \/—
n;

Z ZC. Pr(Znaive > copplHo) = A(p1) 72 DT, I HEIRNT DIFEAIR copplZLL T O X 51272
Zals
przva2y+JE¢;%1—A@o)
N
FI2 DM SRR IRIRT 2 2 LT, AT V0607 — X TR L ELE H
WAHZEEBERLTRBY, AREIC LD HIEX, ThEhaticd 2 50 i faskic
XD FEICEWS HZ N TE S, BZIE, Bauer and Kohne (199420 5L ToH X,

e el Lk &, A(p) =22 B, TRbb,
iz, + 707 (1- ()
PR (U VA o P
natve ny + i, ! Vg + 1, Vg + 1y
L7325 Z x5, Bauer and Kohne (1994) R0 51 L —4 5 Z L BNbind,
Cui, Hung and Wang (1999) B0 5L TH AV, ST HA@IITLLTO X 91275,
Alp) =1— (CZ —Z1y/ nl/Ninitial>
V12/Ninitial

Zy, > S p1p2 < Cp

Thbb,
— (¢z — Z1y i /Niitia
— VZy + 1,
P N 7.+ 2, V12/Ninitial
nae Jny + 1y ! Vg + 1y ? Vg + 1y

initial initial

n; n

L7252 L5, Cui, Hung and Wang (1999) Bl ik L —E 5 Z &5,

2.2.21.3 FE—REOBREERNMEXRLGVGEETEMNBDODEREZHRTT S
Hik
THNETRNLTE 7, BARIEIC L 2 HERAMA S\ X 5 ik, £27F
— D OERSYREARNT TS ST S AU, IR E AT Bk S TR LR B HEE 1
ISRk S NI IR DGR 2 B 2 \CHO 0 BRI FE A LB L L, £, £
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TV DOWEBRENRIRDELMT DS SND Z &0, TRTOHBREITFEHETHD
&9 “one patient one vote” DJFHNCK T 572, BELL RN EWS EELH S (Hung
etal. 2014)13), Gt~ T, THXTT—v a v OFBEI»POLT, BEEEART VA LRk
DFA =T BETIECnaive > C2)EFANVD Z Ll KR E LTlEAMTH D, TDI=
W, TETT—arO—)VTHIRIZRRE L, FH— OB R U722 Wi CE
B OEEZTRT HZ LT EROBER G & TR IL T &I H O E
ZHIET 22 L2 BRI E LT FIENRE SN2, Chen (20007 1%, S &M JICPH
0.5 U EDOBAICORMEFKZRIMEED L. FA—TRBRETFEEZHANTH, B D
WRAFERITHE R L2V 2 & 2R L7z, Gao (2008)[Mi%, CP8 0.5 % FlEID AT HILE L
72, Mehta and Pocock (2011)B}%, Gao (2008) "D F1k%E 2 AT — T WA v OFf A THE
HL, FA—72RETFEEZHOTHEHE - FEOBEHERNPER LR WSRI & B o
BN TIEFI A BN S 2 FIEERE L, ZNOOWRNARD v MA 7R /RTZ & T,
FEHEREYFEN L VFH L9 < Lz, ARIH T, Mehta and Pocock (2011) BI-DWTHAS M9
Do

Liu (2021) 19 (Z LA, FEER T OIERELFHEE X, “Five-zone” 7 X 77 4 7T ¥ A
VEMHTIND Z LB D, “Five-zone”ld 5 FE DO MBI OFER DTV A ERKLTH
D —RENT, AR - EERSMET IR OFAESKIAT E RIS L o THIl S L
Efficacy zone (B ZhEIR)

AP IEOIERER 72 L2 a, RBUIRSICARIP IS D,
Futility zone (fEZSTEIR)

ELEME RO IMER G- LA, B Th 2D & L CRBUT RIS Ik s s,
Favorable zone (B FFEIR)

AIEORMAMT SN 2B A T D56, BBRITEHEER Y OREFIE Tkt S5,
Promising zone (5 S2fHIR)

HIE DL EMHEINTITBIEL TR, LasL, RN ERGA. JEFKO ER
R, RERORIhiER 2 16 b S5 72 O IEREK & BT,
Unfavorable zone (RFIHEIR)

HEIEOSLMEM EREINTIZBEL TR, 2o, AL TIEAVAERTHLRWES, &
BRI Y W) O FH B S VT IEFIECA HER Lkt 3 2.

W SEGEEHETE 1L, EPRN e XIINT Y (= Ny — ) AR ET 5o 2 2T, JEBIK
IS RPUE, BEEOSMAAF S ICK L TR TIERWVIREETH D . BAER
DB T D 72010 SR SIS BAE L T 2R & 723N i XIERL I EES W
T Neinar = min (N finar, Nimay) X13A, = min (R, nf* ) OHIER F THRIE S D,

AIETIL, DR, fHO7D, G2 - BEARMEA 1A 1 5 AT 2 FEhE w3, B A&t
TZnaive > Za @ MO D5 A2 E L Ciimd 5 (372D, Efficacy zone & U Futility zone
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ZRRE LR, A%« BRI A0 O FRIfEIT 2 5% E L7235 T H. Pocock X O’Brien
and Fleming % OBEZIR T A o CHIB SN H IHERZZOE EFIHATETH D . LIERF
N T DDz, Zc ITEE I I,

Mehta and Pocock (2011) BICi%, SR IO K & Z12f-S5% | Favorable zone,
Promising zone, Unfavorable zone ZLL D X 9 IZE L7z,
Favorable

CP(Zy,ny) 21— BTHUESND, 1-pIF, AFEET LIRS TH Y, HBRGE
R DIEFIEERFT THWIZRRI DRI D 2 L%, UM SR Z2m72 LTy
DT, FEBIEBUTZET L2RuY,
Promising

CPmin < CP(Zy,my) < 1-BTHIEIND, BELT LRI EHEACEEL THn
T, JEREAETERCT, T 2Ty CPpynlT T A — 7 RBE FEE AV BRI — R O iR
R ZHEAT 572012, /DS ETIIWT RV, ZOBEMFETE T2 TR/ D CPyim 1.
Niax/Ninitiai~ 71/ Ninitiagt X Ol — BITIKAFT 2D, JEFIER DO EZ Z OFHO 7 & » M
HfR 2 Z LIXEHRTH L08, £0%E. REBERORKE RZMMET T 5,
Unfavorable

CP(Z1,n3) < CPpyp THIE SN D, HIEL T 2R SHHINTEREL THRWA, A
HTIE WD, EFBITEREE T, HMBRaikis 2,

¥, ARHETIE, S E B IIILUT O T I OB R OHEEE 2 A5 51k
R 5. S EREIICONTIE, 22222 B THELIENT S
Z\n, _ Ze\ny + 1y — Z1\/n_1>

Vny Vny

CP(Zy,ny) = <D<

Promising zone(CP,,;, < CP(Z;,n,) <1 - B)DHFATHA —TREFELZHAVCHE
DIBFREER I S 525t

Gao (2008) i, LU FICRTb(Zy, ANZHDE | Pr(Znaiwe > b(Zy,75)|Hy) = a & FEHMEK
ERGETIUE, B FEOBMRMERAHEES D Z L2 R LT,

fl
b(Zy,1y) = (ng +1,)"%° [\/n:z (Zm/ Ninitiat — Z1\/n_1) + Z1\/"_1‘

. FEEE A b(Z, AR ET UL, A — T R ER R B, e T D E EHIH
ARECHDH I EEZBHRL TS, LnLARRL, YT A Thhh o W ERERNT & 9
BRRICHAD X | BT T, ATz, Z W2, ZHERRRICT D 72012,
b(Zy,1,) <z, &7 D#HE LT,

D = {CP(Z1,73): b(Z1,73) < 74}
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ZRRET Do DOFPHTIILL T ORBENS D720, T A —TRBREFIE Znaive > 20) D
*IJ)EHEJ‘HI:VG&) %)o
a = Pr(Znaive > b(erﬁZ)lHO) = Pr(Znaive > ZalHO)

CP ., DEF T 1

ARETIE, B ERICESE . CPum DRI ITIEEHBNT 5,

ARG L LT, BRI L 7T RO T & MM M HRBREBET 5, A%
PED EEARIE B IER AR TH 5, 18 221 T, KEGHEOTMBIER OMEHER2E% 7.5
LIRE L, BEMIZZ 2.0 & 80%0)*%Hjjjf“*ﬁﬂﬁ‘éf:&>61%l7ﬂéﬂ7‘:&ﬁ“%’)o B R B HE T
7216 LVWORWVETHERNH D LB HNDN, Bt 1 BF 345 IS EETh D,
ZD7=%, 1B 104 BIAEL S 7= BEREC, EPF'%HFE%;%ML SiE B PR HEE & a3 %
ZEE LT, B RKIEFIEIL 1 BE 442 Bl ERRE LTz, CPppld. LT DX HITHEREE
N5,

D AEBOCPE) = & (BED  2VP2I08) ¢ (0 1)1 k159 52, &I B

©  OTEHLECEZET D N 2 15(Z) = [104 [@"‘Zﬁ] & Nyina =
min (ny(Z,) + 104, Nppo, = 442) 0> HEHT 5,

@ OKVC@EMWT, &ZCPEZIIZRIET Db(Z,7,) %

b(Z,,7,) = (104 + 7,) 70> [ % (z4V221 - ZV104) + 21\/104]73» BEMT 5,

X213, O~Q@DHEMEFERTHY ., CP(Z,) = 0.3603%H I, b(Zy,1,) <1.96L 725
TV, 03603 < CP(Zy) < 0.80D&IPHT, FEFELDOEMMNBITHOILTND Z LR bnd,

b(Zl,ﬁz) menl
2.20 - 500
JRE— A - 450

215 b(zl,n.z)

- 400
- 350

2.10 th’naI
- 300
2.05 / - 250

\ / 200
2.00 . o TN

= 100
1.95 T Favorable 0
Z(T

CP(Zy)
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X2 CP(Z1). b(Zy, 7). ﬁﬁnal@%{%ﬁ

2222 fiE 5 BB HETE D 5 ik
2.2.2.21 FEFEDAKICE DI A

Chen (2004) [71X> Cui, Hung and Wang (1999) BIiX, LLUF ORERIE DA HE-S < 515 T
am L7,

ZHUE, BEOIRESHEN, TR TR SN b0 L 2LFELTHD EE LT
Do Flo. B 1 AT — YV ORERHEDRAMATI T DM~ DR ELZE L TR
v,

2z + 23] . b
N,final = Zo-z?re aA—ﬁ = Ninitial =
o) 01

22222 EHMEREADIZEDCHE
ST E R INE, RN CRIEF T RZ, D5 2 D AILTZ5E O AT C I BERGR HS
FEHINDLMHELE LTERIND,
BASEHT CTHWOEEORERFEEUTO L IICERE L2 LT 5,
Zfinal > €z © Zy > B(cz,Z4)
ZOLE, FMHFTEHBHACPIZLTO L 5125,

CP(6,Zy,n,) =Pr(Z, > B(cz,Z1)) =@ (6\/71_2— B(cZ,Z1)>
V2o

$il 2 1%, Bauer and Kohne (1994)PID I TIE, pipy < cp Z; = P71 A —p) 6. LR
DEHITTeD,

Z, > @1 1—C—p = B(cy, Z1)
2 b1 Pt

Znaive > ¢z M8 O ST M I11T,
\/nfnz & \/nl/?nz fa> Sl szﬁnz_z_ o
TholD, FMFEBRENIUT DO L2725,
SV,  cpng 4y - Zl\/nT)

V2o Vn,

ERITRESN DY . CPIXEDIEHFNROOBEMTH LN, R THLHI2D, 22T
X2 SOBRBD D D, 1 DT H P DIEFIEE G O BEITH NS EHND T L 2D
DIL, HRERHT ORFOIRFN R OHEEMS, 2 D Z L Th D, oSO L &, T2

= B(cz,21)

CP(9, Zy, nz) = Pr (Znaive > €z) = (D<

bz, =04 LT ZRERUTO L A5,
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SpreNTy  Cpy F Ny — Zi\
CP(8pres Z1,12) = Pr (Znaive > ¢z) = cD< preViz _ ey 11 1\/_1>

V2o Vi,
11 > -0 (052
1752 naive VA \/n_l \/n_z

Mehta and Pocock 2011)BIE, § = 8,2 . ¢ = z, KOG E B0 A EE A1 —
L& LTzt &IT, CP(Zy, 7)) = Pr(Zpgive > Zq) = 1 — BEAST=9. Ay EHT 570U
DORERE LT,

2
ﬁ’(Z)= ﬁ Zaan1+n2_Zan1+Z
N Vi g

728, Liu Q2D MINERT 2 L0, EXUE. FEBITIE. Pr(Zpgive > 2o) =1 — FTIE
724\ Pr(yny/NiiiaiZs + 2/ NinitiarZ2 > 2a) = 1 — BEiiil= T TH BN, T OEET
— KA IER (T S0,

BN R OHEEMS, 2RI T 2 Kalid, RO ERENOEHIZEEL THET—% Th
H6 ML ERNDTI-0, FHIT =N JEFASNDRUCH D, #o T, ST &M
TIMALZTENZ 720 0T < FFITn, /ny B/ S WA IR K Z V), Bauer and Koenig
(2006)"%, 8, K U,y i L 723565 D Sl Aot & Mt ) OB ERFMELZ DU CRE #iam L
72, F72. Glimm (2012) 2036, WHERER TH H720, “FEHEMATIZ L1F, EELL A
WRBEFEOFHREN N H D5 Z L E2BE L, S EAVESITEmEAERRT DBIX, T
WA L OBEREDEEICHAEST 25 2 & A HEE LT,

22223 b s L TRV RVMESNBRBHEZITOAE

2222 BT, JEFFEHEE O FIEIZOWNTRRI Lic, Zhbid, SR E MDA
WCESWTHHESN TS, LML, ARCP—ONENLT 5 &, Hatifb s
T LB L&D WIEPE3E EORINT O35 LIFR B2y, BUEIZIE, SEFIEL O
WK DEE &S E R IOEMIE R L — K47 OREfRIZH %, Jennison and Turnbull
01515 E, Bt &2 mD 272 ITH b RNRA R & S NTIEFI O M AT 5 72012, JEH]
B E FAF SR OEMO M L— A7 OREEZRT NI A—FyZ2 G LT O
HABIEE e RIS DIREGIEFHEE DO T A R LT,

) (aprm_ T T — Lo
V2o iy

Jennison and Turnbull (2015) 31X, Chen (2004)I7}X> Mehta and Pocock (2011)181% D 25 —F&
DIWFAMEZR DR L 22V TIEGIEB O ZE R 2 7R T 2 AL, EFBOENEE5 2 &
TIRRKOFENPFOLND DS LILZeVIRBL TIEFIER O 72 S W & 5 2 &)
5. ZNHDOHEE, 3BV E L, Lehmacher and Wassmer (1999) D #t &4 i€ & EFL D
H B & e KA T 5 FiE A AG O T FIED = CTh 5 L ik X7-, Hsiao, Liu and
Mehta (2019) oI, JEFEOEINIL, F/NOFFEATRBR LA E M NEKFET S, &v

) —y(2fi; — 2ny)
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IboLH b LWBERIZESN T, #RGMEZERE L. 24 % Constrained promising zone
design (CPZ) & ’:AU 72, ARIACTlX, Hsiao, Liu and Mehta (2019) 'S\ THIT T 5,

Hsiao, Liu and Mehta (2019) 1%, AR H—73 JEFIE O INZ KGR T S A0, e
ﬁ%m%éﬁﬁ®74wx%wyéﬁﬁbfmé:&%ghfwé&bf\uT@;oﬁ
HBIBIE & HIRISAIE B 72 DHIFIT & Rof{bRAE & LTI L 72,

H BIBI% - Maximize{CPs_. (Z1, Nfinar)}

HIRIZAE 1 Ninitiar < Nrinar < Ninax

HFIZIE 2 2 CPs, . (Zy,7) = CPpyn

HHIZME 3 0 CPs,  (Z1,7) < CPpay
Ny B IIEBIEL
Omin © ERIRHIIZEERD & 2 /N DIEHE DR

CPypin : Promising zone WO ST R 1D 72 T _REFARENE, b L. 6 = Smins
Nfinat = Npax & LT & & DGAEAF SR TIDICP i\ L TORWES L 2 O HHBIRAT#E
1L “Unfavorable zone” 128 5 & A7 L, FEGIBUIZEE L7220,

CPnax © Promising zone WD &AM DB KME, 8 = Smins Npinar < Nyax & L72 &
EDGNAF E MR TIDICPgn \ T L T2 5L IEBIE Ny [T E T 2

CPZ design Tl%, Mehta and Pocock (2011)1 L bz L, LN D X 5 REFEDH 5,

o TR AZRHT LB, PRMBITER OB ROHEEME T <. BRKRAIZ
%%@&5%¢@ﬁ%@%%%mf%m?éo

o ARVY—MEETTORE LSRN E BB O®BEICEET S \ IEFIE %
HnsE5,

o HAMERLRMAT X HIRBEEE AV T - ROBEHEREZHIEHT I LER D B,

B, I TR, FH-FEOMRRMER A F#E S 5 7212, Cui, Hung and Wang (1999) )
ﬁ?ﬂ:éaﬁ%%ﬁ:ﬁé i, WEEZBE LU TORMETERE I ZHWS,

Omin+y/ Tz _ ZgVNy 1Ny — Z1\/n_1>

V20 N

CPZ FHA v DEFIL, %#H@ﬁﬁ®%§i%m%%“5’&’iw BRI
D % BN DBRFD R AT B/ D L& WMEEB X -5 81005, FMﬁﬂ@ménét
b, ARV =Ll o> THNNTH D, Fioy CPyins C nmm\xﬁyﬁ~liof\i
HIcRESND,

CP(5minlzllﬁ2) = (D<

A
22213 EHTHE LIAARRHEB) 2 TCIZ. CPpgy = 0.8, CPpin = 0.7, Spin = 1.6 & 7%
L. Mehta and Pocock (2011)® : MP %, Jennison and Turnbull (2015) '3 : JT 7% K& OF Hsiao,
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Liu and Mehta (2019) 1) : CPZ 1D ZINEIUT DT, Npjpgy S OVEBIBFEHEE 4 O Sl
M AICPERI L, 728, JTIETIE ¥y =025/402 L% E L7225, ZHUE MP IEICE
B EOIRENFS = 1.6D & X O] 0.658 Z JTIETHIlT 2O DT A—2Th
Zals

MP 1%, 6 =8IRS E KM EMHNZRH L CEBY, JITEKCPZIEIX, 6=
Smin CHESEFTE RN ZREH L T D720, 2B, RO MEAE B2
B2 Z IR L7zVy, Jennison and Turnbull (2015) S0k~ 25 L350 | IT 51X MP ¥ T
SEGIEL DS 472 Wi (MP 75 T Unfavorable zone) T3 K& < JERIS A2 NS4,
W2 MP £ T Promising zone (23 TlE, JEFIE O MORREIT/ NS <> TWD,
CPZ{EIZMPIEL W Z /NS E ETH | JEFBOEMA I TV e, ZHUE, 8 = Spnin
ZHANTWDT2D, Z B hSNEETH, T OIRE R OHEEM A2 AT 856 12t
R G EREIIDRE L 705 Z L0, MP 15 TO Promising zone (Z331F D23 722
EREMFEREEEZ LD,

Nj’inal
500
450
400
350
300
250 i
200 —
150 ——Mehta and Pocock (2011)
100 Jennison and Turnbull (2015)
50 ——Hsiao. Liu and Mehta (2019)
0
0.0 0.5 1.0 15 2.0 2.5
Z
3 2k Ny DBIR
cpP
1.0
0.9
0.8
0.7
0.6 ——Mehta and Pocock (2011)
0.5 Jennison and Turnbull (2015)
0.4
——Hsiao, Lin and Mehta (2019)
03
02 TEME 2 2 E LI\ 55 QR4 R
=R ARIT DIEERE
0.1 vz —— R EE L B R ORI Rl
e 5=1.6
0.0
-1.0 0.0 1.0 2.0 3.0 4.0
Zy
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4 Zy LIEBIEEHERE % O S & R ) o BIfR

2223 EHIEE N

Bauer and Kohne (1994)2®D 5 ¥E D FH] Diener (2014)117

BIIE AN O BIBRYIED R EZ MR D OB SNZ N suYra—F 47D
PSRBT D EREBR (PROUD #BR) OHEBIZFENT 5, #HREIL. M) 7 rdr o
—T 4 T INTRES R (PDSTTEE) Xida—TF 4 v 7 ST aWiEs sk (PDS Plus
B I L1 ol T rFafbsivie, FERHMBIEE X, 5% 30 HULNO T A U 5w T8I
B X —OEFRITHED  REMEF T2 ITRIEEO PRSI BYEORAETH 5, FHEE
Uiz 1 BEDSEFIEL 375 B (&5F 750 f5) X, PDSII &£, PDS Plus BEDRAEIS 2 Z T
0.12, 0.06 & AV . FAIA EAKUE 0.025 O AIHT A ki E T 80% D H 71 A3 HIFF S+
DIEGIRE L TRIE ST,

IEMR T TOPRMMATIZ. B5F 37561 (FEIEFED 50%) Zxtgl L THEMmII,
Bauer and Kohne (1994) PHZFE-5 & | LS (D FEa, = 0.5, ARhH 1D FHfEa, =
0.0102, FAMRAT DIERNC, = 0.0038 & FE SHL7c, FRIMENTHE ICRBRDMkGE L7255
ST E R DS 80%12 72 D & D ITREFIE A e K 1 BE 600 51 (55 1200 f51) % ERRICH
HeESNDEIECTH T,

7k, ARRBIIH RN ORERIZIESW T, T X REEHEBSITAF 1200 AOH
B DN SN2 S DICH M 24T 5 Z & 2R L 7=, BN b RIfENT 32hE12 X 5
B — OB OFAEIT, Brannath (2002)181% W TR S 7z, FEMIC, 2 [B1B O R
R ICBBRIE T I &4, BT — AT — % OfE RO LR ME ST\ 5,

Lehmacher and Wassmer (1999)4® 5D F 5l Wessels(2019)!1!

BT VYo ~—JRHBE x5 & L7z, Lanabecestat (2R3 2 45 I/ AH G AR G BR
(AMARANTH #{BR) OHEGIZHAMNT o, HBRA 1L, EIHE 20 mg fE, FHS0mg #f, 77
BARREC 1:1:1 DT X AMeE iz, EEFE H (X Alzheimer's Disease Assessment
Scale-Cognitive Subscale 13(ADAS-Cogl3) A 27 D_—A T A L )n5 104 H F TOELE
Tho, atlisiic 1 ORISR 734 4 (G5 2202 61) (X, 77 BRI 2REL
LT, EHE20mg R, EHKS0mg A2 TN 021, 027 & 7AFEY . F A EAKYE0.025
?® Mixed effect Models for Repeated Measures (MMRM) (2 X 2 fi#HT T, 90%D 4 H ) 3 %
SNDREREE L TRES N,

AABRTIL 4 OB TE SN TR, 1B H ORI Z SO D %
R & L CRtE S v, AMEICEE T 2370, 2 [BIH O T IRZ 2 O fERd
M OERIECHHEE 2 BV & U CEHE S vz, FHECIEEER 1000 il (T ERERIE O
45%) ZRRE LT, XA X THIRERDY 55%AM 72 HIEFIEL 2 B & B9 58k T. 55
—80%7% B IR AR 3000 B 2 L FRICIEGIE Z N, 80%LL L7 B Bk 2 i & H9" 7B
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BATSE LR TH -7, b L, JEFEZ IS 7256 OF M OmAMHERIL
Lehmacher and Wassmer (1999)1 Tl <41, BHAIL, JEFE OO L Lf%ﬂ%ﬂ’b\

= /1000/2202 = 0.67,w, = /1202/2202 = 0.74% A5 TETH 7= (Zad, EEIC
TBERIIARTEFEEZ LS 72D, B 1 A7 —2 QEIHOFHMNT) 28 o 8REHK%
2202 TEIS -G AW, & L, 1 068 1 AT —VOEREZ 5 W EOFEHFRNE 2 2
TV DELw,EEIND),

¥, AT MM OFERICIESN T, JEFEROZF I TONT, ZD%OF MR
HregtEfibsn Tk, ERRORBEIIERICIIFIAINT, @M TIEEOR RO —
T — B DFERD BB RE STV D,

G2a0(2008)"“ % X Mehta and Pocock (2011)8!> 5D E A% Bhatt (2013)20

B R R REIRA X — R a VR DRE AR L LT-, Bl Mk
3K cangrelor FHARPI I 5 OV B9 2 5 T FARG PR 3B  (CHAMPION PHOENIX #&5#)
DHEFN RN T D, PERAE L, cangrelor #£, clopidogrel EIZ 1:1 DHLTT U ¥ LMEEh
Too FEFHMEEE X, T & MU 48 REHIBZ O L, LAFEIE, B X D AT E
fif, A7 v MIRIEOEAET Y RARA V FORAERTH S, FHEl ST 1 BEOIERFIEL 5450
(&7t 10900 f)i%, cangrelor #£, Clopidogrel BEOE AT RARA » NDOREREZNE
I 31%., 5.1%E RFED . fiH ) 85% 03N WIfF S A SEGIEE LT, AR IEICEIT 5 HH
AT DI B LERE ST, T0%DREBI DS ERE S 7= BRI A 20 1k K OVE (i 5% - o
D FEAT O Sk % FH B L, Gamma family @ o VHEEEE HV, A EAKUER R RAENT & &
FIRATEALE 4L 0.0109, 0.0473 LFRIE LTz, SEBIEEHEE T, M-S S B )2y 80% A
DA, BRI 80% L 72 5 K 91T, BR 1 HE 22500 5l (A7 45000 1) % ERRIC
FHEE SNDHETH o=, Z ORI CTlL. Gao(2008)!'41} 18 Mehta and Pocock
QOIDBNZHAE | FHXF Y X7 DIE T A H\ Y, Uunfavorable zone (<13.6%). Promising zone
(>13.6% to <21.2%). Favorable zone (>21.2%)IZ &I S 417z, 72k, ABEBRILH AT CTHE S
73 Favorable zone (Z A > 7272 SEFIHEROEENIX 72> 7o, Bkt Tl. cangrelor D
MEHIA BN RENTZ, THETT 4 7T A O X0 FEMICES L Tid, Bhatt (2016)21C
HEam SN TV AT ES R I,

223 XFEHEE

HRHTIZ 30T 5 R 1L OREBIE R HEE 2 1 0 56 . ZOMEEZZBR LRWViEF OE
XL AR L 724  LoWERRZ /A LRWEERH 5,

AT, B IEIEFI HHEE OME 2B E L A XM AL T 57200 2
DD T 7 1 —F |22 T Wassmer and Brannath (2016)2210 8.2 Hiz & E |ZfEiT 5, Zi b
DT T —FE, FRRT A L OIDIZHNENDELREO DO TH 2,

RAIOTFIET, FRNCHEE SN PIEEICE S T2856 . BIRRBROK D IcHs c&
2 Efe72 B e R 2 R O E XM 2 £ T 2,
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2 OHOFIEFK, Wo, EO XD BB THRBRAPIEINTZED LT, RO R
T — VTG TRE Ao 0 K LS X 2 AR T 5,

o, 222HTHHALEZEFED S L, I<KFIHENLIMEMEICEREZ YT, 2 A7
— UHAWIE DA C(py,p) & i T 5. ZOMAMEDBEEITN D DIR—EERD
V. TOFEIE 22211 HESROZ L,

EHEXHEOMEIZOWTHERT D7D, AIMENRT A—Z6%FRE L, IWEEGEH, :
§ < 0% FE/RB LT 5, (FHEKE & RBHREDIHEZFIE L, 2T oRERBH -
§<§ BIHMEBOFER) LT 2REMELS 2 CTEERMAZH#KT 2, ZOBEDIFEAL
DEHTIE, FHE (Ho&te) 12, 27—V L O Ml p fif Prs =1— (6 — &) /sex) T
RESNDETD k=1, 21FAT =, §IIHEAT—VOHETEM, sepldBEAT —T D4,
DOIERERAFE) . HEEES, B L Use b, ML L-BEFEDO IR — FhORHAESNZ LD ERE
T 5, B plipsld. TRTOEARTBN TSI LTI, bbb, £2To
§<8NTH Loy < pry L7850

2.2.3.1 MEREDIEELIEBRBR

HEBEDT=DD AT — IS NEF 2D LEE L, —BMo b 5 EREZ FRIEHER
R G2 ER L, AR LTcp sl S SMET 5, 2 2 TAT =TS EFIL, KR
ICBIESNBRERICH L, L0 THSRTH D] & D55 L, p .0 FEERD X 5 ITER
T5HDTHD,

F1AT—UTHIET 225G (pp<ap £723p > ap) :p'1 <py
F2 AT —VICHEDEGE (o <pr<ap) :p'y <a,T7203,
a; <p'y S agHn2C(p,p2) < C(P'L,D"2)
BHEX (I 55 00)1F. 8 = SDIRILT Tpy 5,0, 5 WML —KESIATITHE 5 AT, BBk
RPN IEMEIZL — altE L 72D,
AT =V k THoEFEATDHEITRVI s> 08700 MEBEDRR L —BT 2,
§ =512kt F 2 p HOBI%Q5(p, 5,023 [ FEL FO LS ICEFKT D,
P13 ifp1 < ajorp; > aq
QS(p1,5l pz,ﬁ) = a5+ f%'sfl 1{
a5 Jo

i <
oy 5m,p) XD T <P1S

IITa;= 1—CI>(CI>‘1(1—0(1)—S%), Aoz = 1—CI>(CI>‘1(1—0(0)—S%)

IEfE 2 FRSHERRA 1f 513, AT DX 51205(p15.0,5) = aL R DEDEEMELS Z LT K
DVRMEND, H1 ATV THIET 25813, BEHVONLEBEKHTH D,
FBIAT—VTHIET 535G (pr<a;orp, > ay)
1£5=25, — @ 11— a)se,
B2AT—VICEDH S (a <p; < ay)
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LITF o230 812 B U CHUERE 7 & BB fdT << .

@5 1
5t L 5 Jo c(x,y)sc(pl,grpz,s}dxdy -«
CCHBEROIX, FRNCHE SN P IEEEZIEST T 258100 H, THMEEXR
lmﬁﬁ%?%é_&?%éo_ﬂi\¢¢%$_aﬁbtﬁ%_ﬁbfﬁ\$%mﬁib
IeAT—=VICESIEFR DA D T2, FEROIAFBERNERS NV EELENLTH

Do

2.2.3.2 MEREDRY IR LEBERRA
Lehmacher and Wassmer (1999)41 & Brannath et al. (2002)['81} %, #EAHEITHE D K LIEFEX
M7 7e—F 28T 22 L 2REB LT, BERT A BT 580 K UEFEXH LR

BT, HOISHIST 25 k AT — V0 plilidps =1 - @ (6 — 8)/se) & L. MAREICS

WHTHZENTE D,
F1 AT =Y O R MHEHEXE O MUEERAL 513, FEEAEL —a, & LTUTD LS|
Hz b5,
l[s=256 —d (1 —ay)se,
F2 AT — YO HEEIXH O FMAMEIEERAL 513, BRI ILOFE (0 = 13T, <
1) CEVUTFDOEIICE2BND,
- l~2_5 ifay, =1
. {min{io_(g, l~2_5} ifag <1
ZIT s =6, — @A —ag)ses. L s1EC(py5p25) = pPEITONTDMETH B,
los PRI 5 = ap %< ZEIZ X VEHEND, LsliE, p 38 OHEMBKTH Y |
C(p15P25) bP15 Pz PN TH D 2 L EROXN Bz b o, RN
D DLNRWEE IS, BAEMITIZ L0 EHT 5,
B 1 AT =Y TOFIEEER 2 (=0, ap=1) HE. EM2EEXMIEE —HT 5,
T BIEC (D15 0p5) PWIEHIEIC LD DO TH L5, C(py3pas) = cpaSITOWTE
L ZEThsiFHrRMIcEo 5,
Cp1,p2) = 1= P(Wyzy +wy2;) = 1 — D(w; @711 = py) + w, @71 (1 - py))

1w 5, — 6
Prs = sey

ZZ,J = Sweighteda 1(1 - Cp)/( sez)

o R Wy w,
with 6weighteda = (61 se + 6, )/( + )
1

se, se; se,

Clweighteaal T BT 2 2243 HDOT X 7T 4 7 ig EAfH & e b E R\ Y 3

(Y

-
—

60
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2233 mAl{E3EX M (Two-Sided Confidence Intervals)

WREEXE A E T 21213, H:6 <0l HP: 6 =00 2 >0 i fillEEE XD, =
ZE COETIE FRIRAOEHIZOWTHII L2, ERIRRICSW Tk, B35
pEZHEH LREROFEREAEMN T2 Z & THRIHAETH 5,

224  mifEE

AETIH, AHEEICEAL T, T =T RMEEEIRNEER 3 SOREBELZ L E2—L,
INA T ALY T IERAFE (MSE) (B LT HFIED R B2 OV C, Wassmer and
Brannath (2016)?2® 8.3 HiDWNE & S H IS 5,

WFEAEDIHR BT A N7 A4 v &2ET) TiX FRICBERT A T X740 7T
YA U EW o Gh. RHEEDONAA T RAZRKERBERANPEINTND, — 5T, EiTH
EREICREEZ 52509 —DOHEBERLOTHD, TOH, TRV m#fEEMmIT, N
AT AT TR, FBBHEEIT/NIS N ERRDBND,

NATAEBRETDHIEEAEOTTIRZ, (FA —T 7o el & il LC) ko
DIRND, LIido T, AN T AREKEL, DHEFENANAT AD ZFDEF T % MSE
RETERLIND L DI, BEMRREEICE L CHEEICHMET 2 LERZH L, ZhboD
HEND, SHEEMOMERELE & 2 O ClE MSE (F72132 O HIR) ICESE2Y TS
N, ST ACHONTHEET D,

2.2.4.1 RAHERE (FA4—TJLHHEEE)

2 BEARDEEM 26 D B LHEE £ MLE 138 2K 07— 7 12353 < B O RER 26 aive

Th 5D,
bnaive = (61 + 128,) /Nrinar

F 1 AT =V OF7 =2 THS < U EEE SO IE PR HEE 235 HE STV D I5E
Snaive |l ZNA T ADHLHEEME T2 D, ZDO/NA T AL, 8, A, N 52 6Nz & T6HD5E
PP ESEEINs L b Z L2 AV, UFO L1555 (Liuetal. (2002)23),

E5(8naive) — 8 = Covs(ny/Nyina1, 61)

S, DEIMZ RN 2 AT — P OREFER N D 56 GEFIEEHESS, AoF 12 L),
ZORJEITIEL R, NATABIEERD, —J7, §AVNENWZ Lok v Ik 5
BAEICBOCIdAa LR D,

AR L7z K 912, MSE b EEOEBLRMWE TH D, T4 —7 2 HEEED MSE 1ZLLT
DA TH 2 H4%5 (Brannath et al. (2006)1?4) ,

a 2
Es(8,—6)" = Es <—(61 =9) 2) + EE& (nlz_ﬁz>
(Nfinar/ny) m Nfinar

ZOHXE Y, MSE A, DN—WEFT 5 Z LoD . Lo TRERIC—IIC

K& 725,
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2242 BEEEATERAKER

BRSPS b TRk S D (DX 0, JEGIEEHREE DA E B & LT
VATOND) GHEEZX D, ZOBHE, SIZOVWTAA T ADRWHEEE L LT, 1 A
TV L H 2 AT VO VEHEORE 76, 8, FRNCHE LEA 0<u<1) ANV
THEERERAMI S RAERE L TULTFRREIN TS (Liuetal. (2002)123)

Sweighted =ub; + (1 —w)d,

[ 7 B A & e RAHEE B yeightea P T EUTLL FORTHZ B, A, T X T T —va v

V= VHEAFT 5 Z L 23025 (Brannath et al. (2006)241)

. 20%( o (T
Vars Gueigneea) = —— (02 + (1 = 0°E5 (5)
n na

2.2.4.3 TETT4 TEHFERAHETEE (Adaptively Weighted ML-
Estimate)
Brannath et al. (2006)1>41, Cheng and Shen (2004)123], Lawrence and Hung (2003)°1 & (%, 7
BTT 4 TERMIERLHERE LT, LT LI 2E AT — VO EHEE RS, §, DEA
fFEFHEZRREBLTND 2,

wy/seq

6weighteda = ng +(1- ‘/‘7)82: w =

w;/se; +w,/se,

T 2T, selE DREZE, wildw? + wi = 12T THANCIROTZEATH Y, wy =
0/ Npiria N E R EHRTH 5,

Z DHEE Febyeignreaq ! T H RN T O HIEFEEN 22 G52 AR E & & 72 5
T, 2232 KV WIEHTEOM D IR UEEXED . PR T o P I EER WG E

155 = L5 = Sueignteda = D7 (1= ¢p) /(B2 + 22) L7219 . Z 0T SO%{RAX I T {15
R —ET 2 (@=05 DHFEIZP (1 —¢,)=0L725D) 2D THD,

2244 hRIEFFRREEE

THTT =3 )b & TIERALRIC PR A3 SIS U A AR A E B S meqian &
H 5 Z &2 I 41TV % (Brannath et al. (2003)17); Lawrence and Hung (2003)12°); Proschan
(2003)128)),

A AR HEE b meqian . 1EREZS AAMEHERK (IS 5; 00) DHAEREEA 50% & 72 5
s kD&, DED, 223.1HD p EORQs(p,5p,5) ZHVTUUTOHFERES
WZOWTIRS Z EITh v ELNRD,

QX(pLﬁrsz) =05

2 ARHEE &1E Brannath et al. (20060)P1T/REN TV D THIEARFHEE B 1245 5,
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ZOHEEMIL, RBROK TR GRS HIE LoRER) ([ —ERURETL LN TE

AR RAEHEE RS LT, BBICRSFRZREHEKE (B2, 50%# 0 K LIS X H
MHEHINDL ) ICESS bOBHEARRETH D, M0 K UEHEXM O RO EsR
1305 KO REL 257D, ZOHEERITAIIEZ DTG T 5 H AN ASA T ARET
Do TDONRAT ADRKEINE, NITA—HFOEMET X TT— a L )b—VIIRIF L, %
DORFHITRICHIES R 2 L—2 a VRRETH D,

2245 AHEE B D EEET

Wassmer and Brannath (2016)?213 71 — 7 7o E &, EEEAT S LHEER, 747
T4 TEMEEEEHEEE, FRERFEHEERD 4 DI2OWT, FERSEHRE AL 2 B
BT A T, HIRRHT COARN T IEIEAE (a,;=0.005) OF%EA M X M Ik S UE
(y=0.5) DEREAMIZED 45DV FTVATOVI 2 b—va ik diHiziT> TV
Do ZDEE | JECEEHEEIL. 2z BEDRMHAT SR 80% LD L OREL, £
o, HEAT =V OREFEDL (Ry/ny) OR/IMEZE 0.1, R KIEE 5 ERE LT, THTT
#A 7R EH O ML-HEE &, FREAREHEE &R HOWIERK SR EICHN D HFEAT—Y
DEMATIw, =w, = 1/V2E Lz, AEOFHEICHR AL IS, /A T A L i
(MSE) {2 X5 - BLEZITV, LT L IS T2,

WTHOHEE RS TS, T AIVMSEL U 232 D /NENWZ b X5 & HEHEAR
BLHETh D,

HOR R RHEE B2 R b BUVWERE (N4 7 A & MSE AR/ &) 2R L, Ak
HSAEA EMRNZIED W TREGIE - E S 2RIk b L b L Bbihd,

FTA—TIHMEER L T X T T 4 T EAMTEREHEEREIT, MSEIZB L CTHEREN L <,
FIRAHEMTH L ZEnD ., FERICEGERHEEM & B2 bitd,

[ E EANT E AHEERIL, S T RACOWTITEL » BT I RREOREN 2 WEE
DIHISA T AN 0 &2 BENLSTIHPRERRHEER LD 1 7 208 KREL MSE IZ
ONWTIEETHOY T U A THOHTEL WV H > TV, FRIASA T AN 0 & 725 F kLU
DR T VA THETH -T2, > T, ZOHEMEIINTOEHRRETELD, F/M
FEHT COHRIEIEIER R WGEAE THHERT L Z & 280 bk,

INOOHEEMEIZIE, HOEOFEE L T RIEDASA T AR 5H Z L NRES D, HE
ENEDZANTT X T T — a = WEAFT D72, RBROFHHBRS T MSE (£ 72137%
ZZONNIE) & FERISEIE L FIRAED AL T AZTE L, OGN T X T T—
2= NV ERDTDH T EEHERET D,

2.25 T Dth

223 T, 22DAT— (YT : 11E]) 2> DR S DIEGIEEHEE 2 1E D 2
BELLBREZIR T YA &2 AV DR ZAE LT p EREEKME A E M 5 HikiconT
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s Uiz, 22211 O L7 A EICk T 2R IZFIHT 25 2 &£ T, 3 2L kDR
T— (FRMEAT : 2 [BIBLE) O EINAHBRICBNTH, pfl (IEMZR pEBLY
MVIKL pfE) OFEBIIHBAHRS THD, —J. 32U EORAT =V bk EiLn i
BRICBWT, EfREEEEORHIZEIIZERS TIER,

Brannath et al. (2009)20 %, ZefFf+ X 3EAIRE=E (conditional rejection probability : CRP) @
FHIZFIHT 5 2 & CIEfEREEIXM AR T 5 HiELZ R Lo, Tsiatis et al. (1984)B3%173
BRLUEHMRREZRT A NZBIT D AT = VICESIEFZFH L TR 578
BB AR L HIETH D, Kl (Bt L0 & — oo c7 &4~
T—varEFERL, 0%, BRITE FERT 55E) Tk, EMERHEREEZ AT D
ZEDMMRFES LD, ENLSORIL T, IEMERWEEBMR L AT 5008 9 NTHFAMEDK
TE DMK L. T OREDNLITEFRN R T Z E N TERWY, FEITRT Z &0
TEDLDX, WEMEN RITRTINC D Z LA RIETHZ LT THDL, LoLen
O, JREICED VI 2 b—ya VEBRAZE LT, EANRRR T T, B3 mss
BT HEHEREE P RERMRHEERZH{OND ZEPREN TS, B, HFEORE
LlX. h € (—oo, )KL T Hy: < hversus §> h & L1256, AT — IS ERF
ERMALTCHEHLEZ pEA RIS LTHFATHDL Z E2ER L, ZOREICEL Y B
HXHPA—ENICEE D, AFECIVFEHREREEXEIZAMTHY . FAHHE L
FUEBANCHE > TRERARGIF 1L LA T =Y TORRHARETRY TH D, D%,
Gao etal. 2013)BU3 T X 7T — a VEiEOT A 2 T TR b I D BT DR ERT
HEA, UPTFELTCWETHFA U FICfilc~ vy B /45 2 & CIEMREE X 25
THHEERE L, AFEICL Y FEH AR EEXEIEmETH 5,

—4 . Mehtaetal. (2007)32%, . CRP OJFHIZFIHT 5 2 &L CREERXH 2R ET 5 Hikz
#8242 L7, Jennison and Turnbull (198933134242 U 7o iy LAY 72 BER IR T A NTXE T 540
WU R ZIE L7 5ETH D, L LA, 7 v i U S RE X R a5 4
ROE—FOWMRMERZ T X THE Ly (BlxX, FHEET CREF IR L o 7c5GE
FEEITIXEN S WL O PR & B EICAND) T2, —fRICIRSFIIC 2 2,
AFEEZAONTZSE TOHEEREIIESTFAICR Y, SHETIIAS T A2, B, A
FETIHERYPIE LA T —VORTIERL, TRXRTOAT— Y CEEXBOEH A A HE
Th b,

T, KETERRZFETEFBARRT X 7T — 3 UIiE, JERREH#EOIE», &
DT — ZITHES  HREIRHT O[S ERR. THE B DA T 25T,

226  rpact # AL EGIBEHTEDELE

AKIETIE, RNy T —TD 1 DTh D rpacttP% W TIERIE P HEE 2 KT 5 R a2 —
RIZDOWTHERLT 5, rpact ZFHT 27U, FHMHEE OB G s, 2 A E 1T A~
v RNEAEETOHM) [Zob b3, 2.2.3 TR L IEFIEEHEE O FMi A B L7- p
ECEEXM OB N FREL 72D, AT, 09 b, FHlEE M ERE DS AT,
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AR IE I IE GBS HEE 2 FHE LTV A Z & n | BRI ERIE 2RI L2 fE A
TE & O DREBRIZE R A Y T, rpact Z W T p AKX 2R3 25 iAW CiF
T 5, RETHRT DAL, mpact DA S THHEHIE L THAINTWHDOT, Abt
TEHRWEEE W, 705 mactiTL D 3 2L EDORT —U bk S5 BR T8 5%
LR TH L DD, FEFEFHEEZIT o126, IEMREFEXE O IEIE Y Tldk
Wi, THEBRWEE XD,

RRT F AV ORE

3ODAT—VNOH SN DR (TR A 2 Bl AT 2 1 [B152053 2 2A5R)
ZRET D, BT CIEGIEFHEE 2 a9 2 7o, BER LRI E R B2 R L
TEAT =D pEERET HHAMEE A5, FRENTCIX. A#H ik X O
HIEDOW T E=EE L, A2 IEOSERIZIE O Brien & Fleming B OHER & v, LG PEF 1k
DS (non-binding DHLFY) 1ZiX 1 EIH, 2 BIHOFRENT TENEN-05FBLT05DZ
EICEES S FEHRFUEZFXE T 5, rpact Tl getDesignlnverseNormal()Bd%c A VT, AT
DEBYITHET D,

BB, 774N RTIE AT VOB ERSBIIEFERRTH Y | RBREKROA BRI
A0.025 TH D, 72, AF IEDOEFIL OBrien and Fleming B OB TH 572, K
FHITIE, BRI 2 — RERET 2 M4BT, KEFITIX, 7 74 /V 8 Th DR
DIEWIED O 72 HIRERRE &2 N TT — it & Ehwd 5,

# Example of an inverse normal combination test:

designIN <- getDesignlnverseNormal(futilityBounds = ¢(-0.5, 0.5))

BAENTRE SIS RBT DIEHIPRFUEZ . plotORIE A HWD Z & TRIRT A Z LN TE 5,

plot(designIN, type = 1)
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Boundaries

s
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837
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EE T - grom1-0.025) - 1.95

=
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o

511

=

o

=

=

3 0— — Ciritical value

£ — Futility bound (non-binding)

s .

- | | |
0.333 0.667 1.000

Information Rate

MEZSPE 1L D BER 1T non-binding DEER CTH 5720, AP IEOBERICHEELE KT S 7
WH DD, G E RN EAE KIF T, E7o, getDesignlnverseNormal()BI% A v
HZ IR, BEMLEICHEREEZFIH L CEARAT =V O p EEFHAT DA MREE H
WS Z EBHBIICRIE S LD,

TF—2DAT]

rpact [ZFVNT, JEBIERFHERE & £ 5 PRI 07 — Z ZF M T 2121%, AT —
OEKFFERZREHTILERSH D, —IZ getDataset ORI H W BV, AJ) L 7= EHIHE
HEOX A>T, BEWICEHMEEEH O L IGRBEOED MR S D, 2 BEOWITRE
] be iR C ) & Lhie - 5354, meansl, means2, stDevsl, stDevs2, nl, n2 X7 h
WK (X7 PAVORSIFZFHORAT —28) THRET 2, fl2iE H1 A7 —YBXT
B2 AT —UIZBWTC, IR L OB T T OEN G N LT 5,
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F1AT—Y

T e (R
e FEFIEL (n) ¥ (means) (stDevs)
HiEp¥iis 34 1123 44.4
pagiisyica 37 98.1 46.7
F2AT—Y

e (R
e FEFIEL (n) ¥ (means) (stDevs)
HiEp¥iis 31 113.1 42.9
pagiisyica 33 99.3 41.1

rpact TiX, LFDOa— REHWTT—% k> M E/ERT 5,

datasetExample <- getDataset(
meansl =¢(112.3, 113.1),
means2 = ¢(98.1, 99.3),
stDevs1 = ¢(44.4, 42.9),
stDevs2 = ¢(46.7, 41.1),
nl =¢(34, 31),
n2 =c¢(37, 33))

Flo, MOFEL LT, HFEAT—VETICEB SN RET — 7 0BG &2 ES
H2LICE-TH, T—Fky FEAERT 22 LN TED,

getDataset(
overallMeans1 = ¢(112.3, 112.68),
overallMeans2 = ¢(98.1, 98.67),
overallStDevs1 = ¢(44.4, 43.35),
overallStDevs2 = ¢(46.7, 43.84),
overalIN1 = ¢(34, 65),
overalIN2 = ¢(37, 70))
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T — X BT

getAnalysisResults B2 & W CF — Z it 2 i %, 2 0Fg, ko [T A
Y OREE] TrEF LT designIN & [F—H D AJ)] TiEFK L7 datasetExample % fEE T
Bo B, TI7ANETIE, T—FINICEAHE 1 AT =V LHE2 AT —VORERENHT)
IND, HB1AT—VORROBITH N1 ZHIRT 256, getAnalysisResultsOBIEIZ I 1
T, stage=1 LWL TL2MERH D,

getAnalysisResults(design = designIN, datalnput = datasetExample)

ZORER. LTORERH I SN D, H2 AT —VIZBWT, WEREEZHWTHRAL
TR AT RIL 1837 L 720 | FHHRFE CTH 5 2454 LV /NEL eoT, - T, Il
RALTFEATE 22, £, VKL pfEIX0.0785 &72 0, #0 iR LEHEXE O FREIE
4803 L7go7m (0 kX0 b/hE< | BEREIZ0AZZATND),

## Analysis results (means of 2 groups, inverse normal combination test design):
#t

## Design parameters:

##  Fixed weights :0.577,0.577,0.577

##  Critical values :3.471, 2.454, 2.004

##  Futility bounds (non-binding) :-0.500, 0.500

##  Cumulative alpha spending :0.0002592, 0.0071601, 0.0250000
##  Local one-sided significance levels :0.0002592, 0.0070554, 0.0225331
##  Significance level :0.0250

##  Test : one-sided

it

## User defined parameters: not available

it

## Default parameters:

##  Normal approximation : FALSE

##  Direction upper : TRUE

##  Theta HO :0

##  Equal variances : TRUE

#t

## Stage results:

##  Cumulative effect sizes :14.20, 14.02, NA

##  Cumulative (pooled) standard deviations :45.61, 43.60, NA
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#HH

Stage-wise test statistics

: 1.310, 1.314, NA

##  Stage-wise p-values :0.09721, 0.09680, NA
##  Combination test statistics :1.298, 1.837, NA

Hi

## Analysis results:

##  Assumed standard deviation :43.6

##  Actions : continue, continue, NA
##  Conditional rejection probability :0.06767, 0.19121, NA
##  Conditional power :NA, NA, NA

##  Repeated confidence intervals (lower) :-25.271, -4.803, NA
##  Repeated confidence intervals (upper) :53.67, 32.80, NA

##  Repeated p-values :0.29776, 0.07854, NA
##  Final stage :NA

##  Final p-value :NA, NA, NA

##  Final CIs (lower) : NA, NA, NA

##  Final Cls (upper) : NA, NA, NA

##  Median unbiased estimate :NA, NA, NA

FE BB HE B DG

rpact (23T, nPlanned Zf8E T 25 Z & 12 K 0 HRIMEHTIRF I G- R 1 O F H
AAE T %, nPlanned TiE, 7Y OHK AT — VIS DMtz GOETIEE L~ ML
X THET 5, FlxiE. nPlanned=60 & L7285, HEAT —JIZBWCHREGHOE T
60 BIDBENBEKS NI HE ORI EMB PR ShD, 77 40 FOFIFFHIT 1
%1 THDHEHDOD, allocationRatioPlanned (2 L W AEHAIHETH 5,

results <- getAnalysisResults(design = designIN, datalnput = datasetExample, stage = 2, nPlanned
= 60)

ZORER, LTORERNBM N IND, SR OMEIZ 0.645 L7220 +7r k&S
A LTWARWeD, JEFIBOER 25T 5 2 L REERRE E2 5, L LR
O KA E RO EIT, RIS CBIR SRR 2 LRI SV T T
L2720, P T 27 b A RARZDIESLDEDRE SITMED K& B ER
BOEEMHRT 22 LN EB 25,

## Analysis results (means of 2 groups, inverse normal combination test design):
it

## Design parameters:
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##  Fixed weights

##  Critical values

##  Futility bounds (non-binding)

##  Cumulative alpha spending

##  Local one-sided significance levels
##  Significance level

##  Test

i

## User defined parameters:

##  Planned sample size

it

## Default parameters:

##  Normal approximation

##  Direction upper

##  Theta HO

##  Planned allocation ratio

##  Equal variances

it

## Stage results:

##  Cumulative effect sizes

##  Cumulative (pooled) standard deviations
##  Stage-wise test statistics

##  Stage-wise p-values

##  Combination test statistics

i

## Analysis results:

##  Assumed standard deviation

##  Actions

##  Conditional rejection probability
##  Conditional power

##  Repeated confidence intervals (lower)
##  Repeated confidence intervals (upper)
##  Repeated p-values

##  Final stage

##  Final p-value

##  Final Cls (lower)

:0.577,0.577,0.577
:3.471,2.454,2.004

:-0.500, 0.500

:0.0002592, 0.0071601, 0.0250000
:0.0002592, 0.0070554, 0.0225331
:0.0250

: one-sided

: NA, NA, 60

: FALSE
: TRUE

: TRUE

: 14.20, 14.02, NA
:45.61, 43.60, NA
: 1.310, 1.314, NA
:0.09721, 0.09680, NA
: 1.298, 1.837, NA

:43.6

: continue, continue, NA
:0.06767, 0.19121, NA
1 NA, NA, 0.6449
:-25.271, -4.803, NA

1 53.67, 32.80, NA
:0.29776, 0.07854, NA
:NA

:NA, NA, NA

:NA, NA, NA
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##  Final CIs (upper) :NA, NA, NA
##  Median unbiased estimate :NA, NA, NA

rpact TiX, 21X, thetaRange =c(0,30)FEETH I LT, =7 =7 hrA X2 LS
Bl ORI ERBENEZUTO LB IZKRT LI ENTE S,

plot(results, thetaRange = c¢(0, 30))

Conditional Power with Likelihood
Stage = 2, # of remaining subjects = 60, sd = 43.60, allocation ratio = 1
1.00 -

0.75— b

Parameter

— Conditional power

0.507 ~ - Likelihood

Conditicnal power / Likelihcod

0 10 20 30
Effect size

Flo, =727 YA XOHRTHRL | BERA OGBS TEGE ORI E R OR
HEFRETH D, FlzIE, LTFoa— Rk, =72 Mo X815, EERZED 35
DY E DRI ERE I OE N FRETH 5, 708, getAnalysisResults)BIH T, thetaHl =
15, assumedStDev=35 LfRETHZ & T, [FRROMEREZHGDL LN TE D,

stageResults <- getStageResults(design = designIN, datalnput = datasetExample)

getConditionalPower(stageResults, nPlanned = 60, thetaH1 = 15, assumedStDev = 35)

ZTORER, UTOMENH I END, RSB 0.784 L7200 | EHERZEN M
T CRIE SN LV B/ E W 35 BETHIUE, 80%IEWSIfT &t 75,
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## Conditional power results means:

#HH

## User defined parameters:

##  Planned sample size :NA, NA, 60

##  Assumed effect under alternative 15

##  Assumed standard deviation : 35

Hit

## Default parameters:

##  Planned allocation ratio o1

Hit

## Output:

##  Conditional power :NA, NA, 0.7842

F72. IT L LA, thetaRange = ¢(0,30) EHRET D Z & T, HEERZIL IS ICETE L
T, =7z M AREEALSHTIZGAEDORHEFERB NI EZUTOEBVICKRT LI &
MWTED,

plot(stageResults, nPlanned = 60, thetaRange = ¢(0,30), assumedStDev = 35)

Conditional Power with Likelihood
Stage = 2, # of remaining subjects = 60, sd = 35, allocafion rafio =1

1.00— | Parameter P
z — Conditional power [
2 -+ Likelihood .
B 0.75 \
3 *
5.3', %
b
[+]
a.0.50— ‘\
e \
.0 \
=
= ™
c n
8025 \ .
L
™
I I I I
0 10 20 30

Effect size
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BRALFRAT
ERDREGHEFHE I OV TG L7CRER D D JEFIEZ A E SIS, BHIOTFELE

0 OIEGIEL (Bt AT — ¥ OMBEG DR TIEFIEIT 60 #1) THRAMRIT 2 FhiT 5 Z L1
Licld 2, ZORER, BEAT =V TUTOMRRIGONIZ LT D, I, KFFIT
X SEBEE R TICERAEIRNT & T T DR BET 203, EGREER T 555
%, getDatasetOBIE 2 W TR AT — U THRONTET — X E2ATITDHZ LT, HkiiT
DFERRFRETH D,

B AT —

FE R 2=
Pz SEB (n) ¥ (means) (stDevs)
TRERE 32 111.3 41.4
Xt R 31 100.1 39.5

JElF & L RIBRIZ, getAnalysisResults(B 2 W C7 — &2 T &2 329 %,

datasetExample <- getDataset(
meansl =¢(112.3, 113.1, 111.3),
means2 = ¢(98.1, 99.3, 100.1),
stDevsl = c(44.4, 42.9, 41.4),
stDevs2 = ¢(46.7, 41.1, 39.5),
nl =c(34, 31, 32),
n2 =c¢(37, 33, 31))
getAnalysisResults(design = designIN, datalnput = datasetExample)

ZOFER. LTFOREEBH T S D, BIEMHTIZHB N T, WIEREEZ AW TRE LM
PRI 2,128 L7220 | FEHIRFETH D 2.004 L0 K& < Apotz, 6> T, IR
IFFHITE D, F-, BVIKL p I 0.0183 L7220 #V K LIEHEXE O FIREIL 0.768
LZpole (0 XV HREL, BHEEBIZOOZEATHRN),

¥, 3 AT VL LEN DR SN DRI W TEFI DL 21T - 1-354 . IEMEZR
BHEEMIIZE TN N, UTOX S REEXRFRIND, SEOEE, EFI%K
DERZFHL TWIRNWI &b, Bt TR S - FEEEKM (0.62,24.52) 1%
EZHUTHD,
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## Calculation of final confidence interval performed for kMax = 3 (for kMax > 2, it is

theoretically shown that it is valid only if no sample size change was performed)

## Analysis results (means of 2 groups, inverse normal combination test design):

Hit

## Design parameters:

##  Fixed weights

##  Critical values

##  Futility bounds (non-binding)

##  Cumulative alpha spending

##  Local one-sided significance levels
##  Significance level

##  Test

it

## User defined parameters: not available
it

## Default parameters:

##  Normal approximation

##  Direction upper

##  Theta HO

##  Equal variances

#H

## Stage results:

##  Cumulative effect sizes

##  Cumulative (pooled) standard deviations
##  Stage-wise test statistics

##  Stage-wise p-values

##  Combination test statistics

H#it

## Analysis results:

##  Assumed standard deviation

##  Actions

##  Conditional rejection probability

##  Conditional power

##  Repeated confidence intervals (lower)
##  Repeated confidence intervals (upper)

:0.577,0.577,0.577
:3.471,2.454,2.004

:-0.500, 0.500

:0.0002592, 0.0071601, 0.0250000
:0.0002592, 0.0070554, 0.0225331
:0.0250

: one-sided

: FALSE
: TRUE

: TRUE

: 14.20, 14.02, 13.12
:45.61, 43.60, 42.43
: 1.310, 1.314, 1.098
:0.09721, 0.09680, 0.13826
: 1.298, 1.837,2.128

14243

: continue, continue, reject
:0.06767,0.19121, NA
:NA, NA, NA

:-25.2714, -4.8030, 0.7676
1 53.67, 32.80, 25.31
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#HH
#HH
#H
#HH
#HH
#HH

Repeated p-values
Final stage

Final p-value
Final CIs (lower)
Final CIs (upper)

Median unbiased estimate

:0.29776, 0.07854, 0.01828
:3

:NA, NA, 0.01968

: NA, NA, 0.6209

:NA, NA, 24.52

:NA, NA, 12.62
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23 BERTTORICED EFHBHT

ARETITER N COREFEEHEEIZOWTHENT D, 2.3.1 HD 2.3.5 HE ClddEke T
— Z B DIEBIEREHEE IS OV THEA L.y 2.3.6 TH T BT — X IS8T DIEFIFEHEE
WZOWTRRIT 5,

BT — 2 TO—MZRER T COREGEAHEE D LS LT, FRMTIZHE W TR
HE2OFE LIeT — 20k o THEE LT 0B (—IEARGHHEEM) % W7o iEfE 2 s 4
B FEDBRE SN TS (Gould and Shih (1992)16)) , —HEA Sy BHE EME I B OIEHZN R D
ERRKEVWHEICBRHEE SN2 ENMOLNTWD2D, I H BER T O OHEEEN
REINTEY, AERHEEME LT, BEIEE 7o abT vy 74 e T 7R
> 7 O EHEET HFIC LY BIEROSHAEHEE L, JEBIE A RS 571 (Xing and
Ganju (2005)B7) NIBEIN TN D, 7272 L, ZOFIETIEE - FOBRRMERE O KR
ST 5 (Friede and Kieser (2013)%)), F72, EM 7 /L3 U X A% W 0 BHEE O F5 1k
(Gould and Shih (1992)B3¢) HIREINTHEY . ZOHETIXE A7 v FIZB W THERR
TRBREEREND (1T SN2 T EHEEEZRD, M AT v FIZB N THR T — 2 Ick-S% 5
BOREHEBLZHET HHNTE D, ZOFECBWCUIHEEE B PIIME KT T D
RS RET SRNCFIENIEE > T LE I BERDH L E, HEOBEDNEOKE &
WINC TR TANELDE, Tay s 70X MuR EIi3e0E AT 2 FR N
W7 EORBEDER S 4 TW %  (Friede and Kieser (2002)39) , &0 72, Z Z TIXE—
FEDOMBREMER OB RIS < HEED M CHIANE S TH D AR B EE 2 7=
SEBIELFHEE O T LD B R8T 5,

231 EBEEEHRICEITSAE
FIHED BT HEBIEDOREZ1T O %Ha. a2 L TO X S IZRET D,
Hy: 67 — 6 =0vs.H;: 8 — 60 >0

¥, IBRHEOEDOIERI R 26 & L, MREEOE DI R Z6: L5, T DR, —FF
BT DIEGIEIILLF OV FHHRTE 5,

N o 20%(z, +zﬁ»)2

initial = —5§re

TR LT, mBIOFHEZE T LR T I6RIE 2 0FE LT AR B EEZ LU T
DY HEET D,

1 _
Stmped = mZ(Xi —X,)?

i=1
ek, Xyl 3In BIOIGHRE 2 OF G LTCRFOSEME &+ 5, 2 O EASBHEEME Z VT,
LIFOMRY | BT ISR E G 2 BHEE 95,
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2
]Vf~ = Zslzumped(za/z + Zﬁ)
inal =

Sgre

Z OFE, JEHNFUCEERZEDN 2T P ANA T A0, BRI ZEN S 2 5A 1213 o
KHEE AL DENHE SN TS (Kieser and Friede (2003)140) , /34 7 ZADOFREIFILLT
DR TERIND,

n

E(Sfumpea) — 0% = m‘sz

BB, SIFEOWMERROAEEFKRT, £ T, UTICERTEY ., AEARSEHEEED 5
ESNDIRFRNRITEED SN E 5] < FTAER D BHEE B E A DO AA T A% i &
BEHHENTE D (Zucker et al. (1999)1411)
Sgdj = slzumped - ﬁ@?m
B, 8= 8pre DHEIINR L 2%, T OIS NIz AR EBHEEIEZ VT, &
AT I LB IER B A FHEE T 2 F S TE D, 1220, B S e AR HHEE B T
PNTARGE LT VRN R e WELDIEFERNIRS LV /N S WHAITIT B A R/IMEEL TLE D
(Proschan (2005)12) , E D728, KD —FEARGBHEEME D A 7 RN S WA,

HA DR TR ST 5  (Kieser and Friede (2003)40) , 7235, Fc ik ORE R FH & 135
KD BHEEEZ N THEE SN D,
232 RFHECESHRRICEITEAE

PIED KT DRFEOBE 21T 2 St WSEEOFIHEZ (m,m,) & L. F%ME
DRFHAEZ LT DX D ITEFRT D,

Hy:67 —6c <myorér —6c 2myvs.Hy:my <87 —6c <m,
Z OARGRIZEL T D Z2 D FAIHREL D[RR E & 72 5
Hy: 67 — 6c <myvs.Hy1:6r — 8¢ >my
Hyy: 67 — 6c = my vs.Hyp: 67 — 6 <My

ZOARBUIK LT, U FORERFHREZE XD,
(6r=8c=m)

Jast/n
AT AR 1R LTy Ty 2 tyogacajas XUETy < —tnop1oapn?2 B ST HLH 1 A3E
HJézhé Z LT, ZODRMBEIZIBWNT, W5 OMGE A A BEKEa/2 TERIS
MR FSEEORGELH, b A B K Ea/2 TEAISND, ZDIZD, § =8 @ ME L. M
tt'djl - BTHOi%ﬁﬁﬂﬁ“é T2 8O DIEFIEIE
202(2q)2 + Z[;)Z 202(2q)y + Z[;)Z

(8pre — ml)z ’ (8pre — mz)z

THEESND, ZHUICKH LT, EAGHHEEMZ AT, LLTOEY | ST 0 s
IRIEBEEHEE T D HNTE D,

Ti = = 1,2

Ninitiqr = max
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28t mpea(Zaj2 + ZB)Z 25tmpea(Zasz + ZB)Z
(8pre = ml)z ’ (8pre — mz)z
e, A BHEEMSS mpea PR Y ITFTHEER 2 — *EZIK’\ﬁﬂE/Efﬁsad,%ﬁﬁb\é%%
TE %, o, EBEMRBROGE & R ORUELFT B TR O B E a2 v T
HEIND,
FIHED LK T DIEBMEDRE ZAT O A1 3EHME~—T v my & L. IESPEDOBGR
ZUTOEDIZERT 2 F CRSEMEORIE & FFRICH ) FNRTE 5,

HO:ST - 6(: < myq US.H1:6T - 66 > my

233 ’%—%E@i@%ﬁﬁﬁ%«@%&%ﬁ

2.3.1 TR L7e A BHEE B2 S UEBPEFFHEE TIZIERA AR ICHE > 7 — 1
R 9 HENE DO GERIREIZ B W T —ROBRMER O RITEH TE 213 L/ 30
(Kieser and Friede (2003)140) | F 7= JEFIED + 2 KRE T IUIMTEEOSAICH L THEH
—TEOWFAMER O RITR W, —T7, FEHMHRECRFMHRBRIC W TR, oA
RO RDA U 5 rTREMEDFERT S 41TV % (Kieser and Friede (2003)4) , 2019 4EIZFEAT
STz FDA A &0 AZB W T b IFLEUTRIEME O EHMRE % & A T2 R T,
FEOMFEMERDRERRIBRPAEC L AR B 5 LM SN TR Y | FH—TomiamR
D ROBELTET RETHD LS TWD (FDA(2019)*), Rz, HRHIfFHT £ T
DFEFIELD /N SWRFHIZ S —FRDOMWRR D RIT R E S 20 | mNIEGIENARE L 2581, 5H
—FEOMFAMER DO RIIRE S RD2EPHE SN TS (Glimm et al. (2020)[45] Friede and
Stammer (2010)4¢) , F 72, HAKBEHTIRF OIRIEBEF Z A T 2 (RFEMEIZBWTIHIEE A
DA T A IFLHDGEITIED A T ) 3o H5E I FH—FRORRRMERDBE KT 5
(Kieser and Friede (2003)[40)) , #Z T, ¥ =2 L—3 3 VT X > TR KO O
BOWREZMRL, B -FROBMBREROEREZMZ 572D, AEAKELSIETITFHL 0o
IHEPRESNTEY FDAREMA IZZITARGNIZE WO HEL H S (Glimm et al.
(2020))) , Z DOHEFNZHDOWTIL 235 HTHINT D, S HIT, E-MRBRIZH N T, Hfk
DIEFIHNT 3 U THRANTETE L7 REFIE D GIEINDO B A2 TP T D356, RO R

OHIMINZ DR, WO LR T DL EIITE —FEOWMBMHEREN KT 5 L@ ShTn
% (Wittes et al. (199947, F£ 7z, FEFHPEABRCRIEMRERIZ I T, Ff OIEFIEIIR L
TFREDEREZHRETDHFICLY B—ROBEBRMHEROEKITHD T 5 FN|EINT
% (Glimm et al. (2020)1431)

2.3.4 HEEDHEIZDINT

BT OFEFHEIFFHEE IR R OB 0 B O HEE IS S A 7 AT L5
F1HIL TV % (Posch et al. (2018)1481)
HASTATRE O FREHEDOHEEME KRS T D5 T 2F, LFOXTEHEZ b5,

Nﬂ-nal = max
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© ret(2n, —2)(r(q,6 —1) —r(q, 6 +1t)) q(2n, —2)
fo fo o?[1+7r(q,6 +t)][1+7(q,6 —t)] ¢0\/20'2/n1 (t))(zznl—z <T> dtdg

B, r T FTOXNTE X LD,

r(x,y) =n, <22(21 : i) X+ Z(ZnTil— D 3’2) /m
ZORF, EOTRIEBIRSH 0 DGE ITRAMENTRFOIEERT — 2 2B L FEMED D
HEEMII AR CTHH0, HORBENRSNIEDOEE D LGEICEAE L W ADFF~SA T
2 aA U, HOWBREIRSPADEZIR DG EICHME L D IED T~ A T 224 L 5,
B, B AT VOB N REL 2DITONT, "M T RN D, £, B
DIERNRENRKEL R DIZONT, AT AOREIT/NEL 2D,

IAEARMTIF O 3 DHEEME T 254 7 2T, BLFORXTEZ b D,

® e 1 (s —1)(q — 0?) + t?n,/2 — o2
fof_m(nl—1+n1r(q,t+6)) = -9 2+ 2r(q, t+6)

X B, 257 7m; (DX 3n, 2 (qV)ydtdq

ZIT.y=02n —n)/e?TEREND, ZOK, BEDOSEe2 N RKE VT L BT O
FHEMRT —ZIZBIT D BOMEMES2ITEE LV ADHHM~AASA T AZAET, H1AT—
COTEFE B RE LR BIZONT, XA T RINEL b, Flo, BEOIRENFSHK
XL RBIZONT, AT AOREIFT/NEL 725,

BOESRITIRE DEFIXH OB MERICB W TIL, 8 1 27—V ORERHn, 13D WGEEIC
FIHER OB D A T ZNRKREL 72V, 40 EOEHREEZAI R, 72720, HOlR
FEINRED 0 DGEITITA A LOWEHREE AT 5, /o, EOREIREZFFOHE, &
X O TRRIZIAA D —7, FHEEMO ERIFHKE D | IREDIRORKE S X > THANE
FHX DN RSN D0 E DR E D,

ek, S NI AR B E NS Sy (I AR D A BAEEMES fypea & D B3
TADRREIIRESRDLIENRMOLNATND,

B T OREFBERHEE I L > THE U 2 BT RE O EIER 2 OHEEEIZ S A 7 A0
BRI OWEHRERLY > I 2 L—3 3 12 X - CE59 2 blindConfidence &9 R
package SRR SN TN 5,

2.3.5 =15

Z Z ClE Glimm et al. 2020)*I TR ENTWD “HER T v & 2L = RERIZMERBR O
BT TOIEFEEHEE OFHI AR T 2,

— %2, PK/PD iR Cid PK DIl D AUC AEZFHEEE & L THWHIL, AUC
IROEBLAICHE D . Fo, FKEE TR, 7 — X I3RS EERE (CV) TERHS
N5, £ LT, BAEHICH LT, LT X S AN E S LD,

T T
Hop:—= < 0.80 vs. Hyy:— > 0.80,
Tj T
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Tp Tp
Hoz:_z 1.25 VS'HAZ:_< 1.25
T T

Z I T, T LTI ITRRRRE & AR (j = 1,2)D PK O MR D AUC OB FE 2 FE L,
%< OBHIYHTIX 0.80 & 1.25 BAEME~—T v & LTHEREINS,

Z TR 2 EHITCIE, S AXIRIRICRI LT, W< DD R 2 EFCH Z R
PK RS FEfi STV ey, WITHRRDHERP G2 N TWelzd, BFR T O PRPERS
BOHHEE uiéﬁuﬁﬁﬁﬁ%ﬁﬁ)ﬁ+uéﬂfio ZORMBRTIT LIS T A b E N, BRE20 6
(4260 B)) MFE L TRl 2 & 2 RSB T O P REGIEEHEE 2 Eii§ 2 H &
Lz, 22 A7 —VOREMEmIZFE 10 12R LBl S 7z PK OO AUC O CV
IZEEDWTEIRSI N,

#F10 %52 27— ORERIEK
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AT MR T3 250835 51TV %  (Friede and Kieser (2004) 5)
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3.4.1 ESCAMI : 2D EEE RS O LB ER

ESCAMI ikBR1L, MARVAMEREE £ 7213 ST _EFARI A AR 21233 2 w[al i 45 7 ik
T TWD B Z KRG, eniporide ZRBRIER & L “HEMR Y 7 8RR T o % A1k
B HRRTHY 2 AT =V DT X T T 4 T A U 2RA LTS,
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25 0.0080 AKJi#iDIGE ., 1 AT =Y DA THLNRAEIMEOT T 2R LIz LTR
Bz b1k U, pfE2Y 0.7 (Baueretal. (2016)P1CIX 0.5 LEEH SN TV D) LW KEWHA,
BrE O FBRIC CTHMEN RSN D ATREMENMENE L TR EFIETS 2 L L, 2 R
TV G A, PRI GRBIRSNT-HERE 77 8RB OEEZ S L, 90%D
B 22T KOG EHEE 21T 28 & LTV, EBICH2 AT—VICT,
RS 72 R GEMIIARI) 2BNT 252 &b rEEE T D51 %2 LT, ST
DOEBELBEITL, TRTCOBOEIGHRICH LTH I ATV LE2L ATV E2HAa LT
— HZ\ZDUNT Fisher OFEARECEHWTHE ThH 1256, b AN TH D 1 DDOIHH
FE L 77 B ABEO L % Fisher OFEAREIC THIET D3R TH - 7=,

FIAT =V EE2 AT =V ENTNOEE LIFERAEORER L, ThEhk 12 LK
1BITR LT, 2 AT —V ORI, H2 AT —VICTHERBINHREZIRICLTE
D, E1 AT —VOWBRE 2SO TRV, WFNOFMEER &, EAMEIE & B
RPENZ L2 EWRT 5, TRHIITORSE., R EIEA il p=0.12 Tholz, AHEE
EIE 150mg BEA Fe HAK< . 50mg B & 200mg BEIX 7 7 ARBEE OZEN/NS o Tz, HoE
DENRIEHT & VDO BLE G | BB IR CTHEATCR O 7oL — /2 HED & 100mg
BEL 150mg BEANEIR S, 552 AT — VAT, PREIRNT T OMERMERE % S & 8
FABIEUCEH L, 32 AT — U ORLEFE A AR 316 4 L HEE Lo, REMHTTIX. &
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RDOFEGERIZ X2 Fisher DREEMENAE TRINoT2720, lx OIEREEL 77 B AR
Z L DB EM S e o T,

12 ESCAMIRERDE | 27— OfER (FLSD)

77 kR Eniporide Eniporide Eniporide Eniporide
(N=88) 50mg (N=86) | 100mg 150mg 200mg
(N=91) (N=74) (N=91)
a-HDBH 442 +26.0 453 +31.8 40.2+22.5 33.9+20.5 43.9+27.0
AUC
(U/mixh)
CK AUC 70.9 + 56.5 69.5+54.9 58.1+39.2 48.1 £36.0 69.5+49.2
(U/mlxh)
CK-MB AUC | 6.8+7.0 60£53 59+53 45+4.1 6.5+52
(U/mlxh)

# 13 ESCAMI RBRDE 2 27—V OfEE (EH+SD)

777 (N=322) | Eniporide 100mg Eniporide 150mg
(N=321) (N=316)
o-HDBH AUC (U/mlxh) | 41.2 +28.5 43.0+£26.1 41.5+259
CK AUC (U/mlxh) 63.6 £50.3 69.1 +£50.2 68.0 £ 56.5
CK-MB AUC (U/mlxh) | 6.5£6.9 6.9+6.2 6.6+£6.7
3.4.2 INHANCE : 1214 FAZE 4 mE B B E O LB ER

INHANCE 3813, 18 PAZEMM% A (Chronic Obstructive Pulmonary Disease, COPD)
DEF ZX5IT, indacaterol ZFRBRIGEHRE, 77 A & formoterol & tiotropium % %f FRIH T
(formoterol & tiotropium (XF5HERTRR) & U Tk S 72 WATHERM LGSR TH 5,
INHANCE BRI 2 AT =V DT X 7T 4 77 HFA v ERHA LTS, H1 AT —Y0OH
M, 852 A7 — VI THGEET % indacaterol DHEZBRINT 52 L THh b, AR ADF
BX, 1 A7 =0 TEIRS N2 1 DL EO indacaterol D& & 77 R Z, HF1 A
ToULHE2LAT—VURBELTCHKRL, BEMEARIET 52 Th D,

TETT 4 TTHA A BE T D EE O RIS T INHANCE RN HY B 5T
%, Lawrence et al. (2014)°X, INHANCE iBR DG HE, HERIRO T A K71, R
Hr & AT OFER, T —2F=2 U 7 ERBROEMRE, RBICET 2 EREHMIC
BRTHEY, HHSET7 %, New England Journal of Medicine @ The Changing Face of
Clinical Trials ® 3 U — X ® 1 > T& % Bhatt et al. (2016)8%, JGREEDORINOT X 7T 47
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T YA L ORERB] & LT INHANCE 7Bt % 2817, Lawrence et al. (2014)101% 5| ff L CTalBkt
B OME A F L DTS, Baueretal. (2016)°1E, INHANCE ik COT —HE=X U 7
ZESOEH ZHOICHE L CUv5, Lawrence and Bretz (2014)°1 3 2 FH & 48 4R 457
BTT 4 TT A L DOF = AHRBROH] & LT INHANCE R84 255, Robertson and Glimm
(201910 THRZR T 5 —hki/ Ny B S A & ARHEE & (Uniformly Minimum Variance
Conditionally Unbiased Estimator ; LA UMVCUE) @ J5{k% INHANCE iR D7 — & |2
L7~ LT %, INHANCE 35RO F1EIf#AT O 5 5513 Bamnes et al. (2010)1T, A f& AT
D& R1E Donohue et al. (2010)"NZCTHE XTIV, FDA OFEELFR— N HBEITRD
(120031 KTEX, Lawrence et al. (2014)l°1& FDA %4 L 7R — RU2AD3Zth0Z, INHANCE &
BROFHE M OFERE E & DD,

INHANCE BROH | 27—V L2 A7 — V%@ LT BRAER O EHL, 1BMEPAZE
PEATR BBRE A X5, 12 WREE O 7 7 FEV, Z3HliEE & LT, 77 'RIZHT5 1
SLLE® & indacaterol DEENEZMRFET D Z & Th 5, ABRBILAEF, indacaterol (2 4
OO HEREEZRE LT\, HREFNTIZ T indacaterol O H &2 SR 2 2 DO ILAEL ZE
LT,

AAEL 2RO T 7 FEV) (L) ZaHliEE & LT, 77 &8 & OBERZED e
230121 K0 HREL, oA H#HEENED formoterol #f & tiotropium FE L D &KX\,

FEE2 2 WIF R D FEV) AUC 4 7l H & LT, SHEEMEDS formoterol # & tiotropium
LV BRE,

2 ODOFHEEHR FZ 7 FEV) & FEVIAUC 4 ld, BUERREWIZEDRBENZ &2 E
IRLTWD, 2 A7 — VIR HELIEIRT 50— v, W OREEL M-I HED 2D
Vbbb pa, WEERH - I REOHEERICEOVHERSKRICET R Y, 2 >0 HEE
Tt 72 RV U CTHERNIR O TV, TREREORIUL— L OFEMIIL, Lawrence et al.
QO1MHIESRI T\, 7k, HEAENT O B IIZIEEREEIRO A TH O | FEFIECEHEE X
FHEI L TR o 7z, TR 770 44 (BRE 110 40) 23 2 B OIRREM( A L& L L
7.

Hh R RRMT OFE R &2 2% 14 |27~ T, Indacaterol 75ug BED sHEEE S formoterol £ &L U &/
& HHE 2 BT S 7o T, DS O BT AEHE AT Uis, B — i
DX, WEMELH-TIREHARETH D 150pg BE L RICZVHERETH 5 300ug BEAE 2 A
TVl LT,

# 14 INHANCE 75k 0 H [ fiEAT OG5 5
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it HEES D R 7 FEV (L) HRFE D FEV; AUC 40 (L)
FEBIEC | /N 3RO SEGIEL | Fe/h RO
TR REEE D TTRAREELED
BEM 72 & 95%CI B ZE & 95%CI
Indacaterol 75ug | 104 0.15 (0.09, 0.20) 95 0.20 (0.14, 0.27)
Indacaterol 150pg | 105 0.18 (0.12, 0.24) 96 0.23 (0.16, 0.29)
Indacaterol 300pug | 110 0.21 (0.15, 0.27) 99 0.28 (0.22, 0.34)
Indacaterol 600pg | 108 0.20 (0.14, 0.25) 97 0.23 (0.17, 0.29)
Formoterol 105 0.11 (0.06, 0.17) 93 0.22 (0.16, 0.28)
Tiotropium 112 0.14 (0.08, 0.19) 99 0.19 (0.13, 0.25)
77 &R 104 - 90 -

BOEFRNT DFER AR 15 10T, Fof&fENT CiX, Bonferroni ® 5{kE%x W CH EKHEL
a/4 (0=0.05) & L7z indacaterol D HEREE 77 & n“\ﬁi & DB DRRE Z2 FHE L TV e,
Bonferroni DF#E % W THEKEEZ /4 & L7-DiE, AERBHAGEFIC indacaterol 23 4 H & &
L1 Thole, KLV O@EmWITIEE %?5 EIIFRECTH 7208, aRBRGFHH 231
MEVZ 72 272 DB L72 v o 72 & Lawrence et al. (2014)[ 3k X T\ 5, 77 &R & ORERZE
IZ. indacaterol & tiotropium DV NT AU i AKAI :%%0)% BHi/NDFE 0121 & E[FD |

indacaterol |X 77 R IZx L CTHREAIICH B2 BB 2R LT,

* 15 IMMME%%@%%%ﬁ@%%

s PR K BRSO BT 7 FEV) | 77 2RI 2 i
Q)®W$:%$ﬂ® M7 Lo 9~ 2 Wil p fiE
7T v AR L ORERE
& 98.75% CI

Indacaterol 150ug 389 0.18 (0.14, 0.22) <0.001

Indacaterol 300ug 389 0.18 (0.14, 0.22) <0.001

Tiotropium 393 0.14 (0.10, 0.18) <0.001

PN 376 - -

3.5 #ETRIHERIDTGIE

KL, WWIRBEOBIROT X 7T 4 77 WA A L THRES N TO D RGEE., A

B KEHEE DO FIEEFINT 5, BIET DT HE
LEEWRLTWD,

P /A=A
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351 RERIRTE

WWEHORIROT X 77 4 77 WA VCHEHATEDRESIEE LT, EMRET 7 r—
F (222.1.1 3) &, Dumnett lREZHILIR L7727 72 —F 3% %, Dunnett i E & Lok L7z
77— & LT, Koenig et al. (2008)'Y & Magirr et al. (2012)ISNZ L D2 EHENH D,
Friede and Stallard (2008)['}%, Step-down Dunnett &, #iafRE. Koenig et al. (2008) [141[Z
X % Adaptive Dunnett £ & 2 G212, #HH))& tle LT %, Adaptive Dunnett 2 7E 1L R &
rpact /X 7 — U THATAIRETH Y | rpact X 7 — Y ORI % 3.6.1 T THEHT 5,

3.5.1.1 Koenig et al. (2008)IZ & % Adaptive Dunnett #&7E

ARIE T, Koenig et al. (2008)!"1Z X ¥ #2248 XF17= Adaptive Dunnett £ & % 5EALZ fiFRL 9
Do RFEZ, —BRET A BT 5 HBETFIAD Step-down Dunnett fREIC, FffFoO &
WRREROBEZ HEZBALTL DO THD

RIEREDEIREAT O T X T T 4 T T WA AR DM T 7o —F 1%, 1BEREL xR
FED BT Dunnett fJREMSIZH WD Z & Th 5, IREREOIBIRDITONT GG BT
IZBWTBRIR SN0 o L IRREEOFFH &% —o & LT Dunnett fREZ @52 & T, &
ROE—FTROWRHERZ o ($FKYE) IThRDOZ LN HHETH 518, Dunnett fE 2 PR E
FIEIZ & > TR L7z Step-down Dunnett 2 7E 2 H ) 556 T 6 55— FE O s R I HIH S
MWD, IREREOEIRDUSNOT X 77— a %75 T LN TE 72\, Adaptive Dunnett %
TE1X Z D Step-down Dunnett f&E DMEREZ I L, N OIREHEDIBIRLSN DT ¥ 7T — =
CHEARREREICSE L LD TH D,

Adaptive Dunnett #E D FNEITIRO@E Y Th 5, PRMEHTIZT, 1 DE721T 2 DL LDk
WHEANE ST D, 220, WREHELERT 2 HIECMEELEWCEB 6T, FIfT—%
T TR ANEREZ WL EERE TR L TV L RICHET D, IREREOIE ) X
et TGO —EIIE LTeBEO KRB L IR o128 2 AT — VDT — 2 IKFET 57z
O, PAMETFIRZ BEHEMA T2 2 LIETERY, H2 AT —VITEAIRERE (S S T)
ZETREEUE, JTAFHE SV TWCE D IZREEIT 9. # 1 A7 — ¥ THivk L7 IREEE

(S ¢T) ZEOHREICEAL T, txftBl SN TWERELELET 2LERH D,

ET. H AT —VOT =2 TS G E WA As = Py (o5 = 11X(8)) &M
%, 22T XOIFHRERBICNTDHE 1 AT =Y DT =2 Th D, KM i
RKIIHE 1 AT =V OFERO IS 7o, Il L2 G 0REHICB W T HERE TR
ThD, WIT, BIRENFEHEOHLDOT — 2 TS plligsaROT, 2 AT =BT
DFIHs \Z0 T D ME L ERT Do WAAMNTIZISN T, p BRI Z lREmERE L 0 /)
W (gs < As) BB, TOMIGRAFEAT 5, Z O pfEqsiE p-clud (Brannath, Posch, and
Bauer (2002)l')) OME 72 LT\ 5, pclud &lX, 1 AT —V DT —X x5 z2b &
TOH2 AT =YD p EDRMEDE AN, FEE—RRIAM0, 1] F LW ER LD bR
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FICREVWEVWOIWEDOZ L AL, 2 AT — VT FA LB TH - OmRHEEN o
(HFkYE) LML,
Adaptive Dunnett fE (2 351T D Gl MR MER O R FiE LA T 5, b EOTERE &
1 DOXRERIZI T D, EfMA (OEEEm) OBLHEIZ 3 2 Al Step-down Dunnett
MEEEZ D, § CTOREGEH; DIREITHT 2RO WMiREBIILI TO LB 5
b b,

i

As = Py, (s = 11X,(5)) = m(maz>dgﬂ”leg

- [ /M_ W [Zm
=1 f_oo 1;1<D<d5 le zZ; le +x || p(x)dx
WIZ, 2 AT —VICHEATIRERO T — X IZHDS S FEIGRO p fEZK$H %, Koenig et
al. (2008) 3N X, pEDOHE M FIEZ 2BV IREL TS, —FHik, BIREOHE2 A7 —T0

~5®A%%méﬁ&f\%9—ﬁi\%mﬁ@%127~9ki0%2x%~9@ﬁ
FOT—=2uHNDHETHD, ROmact /Xy r—VTliE, A7 arTHTInopfEd
FHTTRETH D, RIEANTIZIN T, p AR AR L 0 /NS WGE .  OFER
MAEFAT D,

BIFEDH 2 AT =V OT —Z DI E MW L56 . FIHH %3 % Dunnett #i 5 S 41
TpfEIFLLTO LBV 52 b5,

qs =1-— fm l 1_[ @ (zg)T max2 + x)‘ ¢ (x)dx
7 liesSnT,

i =1ifSNT, =0
BIRFEOE 1 AT —VBLOE2 AT VO FOT —2 W54, BIGLH:D p
sl I FReo@E Y 52 b5, qs < As72 HIE, BGHHs 23/ 5,

qs = Py (maXZ >Z§;L%ZC|Z(1) lESﬂTZ)

LESNT;
_ ® Zmax 2(711 + nZ) (1)
=1- Zsnr,
lESﬂTZ

qgs =1ifsn7T, =
FC T A IR OO W ] 2 SR [ E Lﬁ%ﬁinl@%ﬁr/ THhE LD, I BABICHE
HRFRETH D, -, ?’*féﬁi@ﬁg?ﬁuﬂ b JEFIEEHEE HALAIAD D,
Hh R FAEAT CIRIERED LK S EE X 72354 . Adaptive Dunnett /% &% Step-down Dunnett f# &
KO HEREPSESI N TS, Adaptlve Dunnett fREIZI1T g AL, PABRE FNEICH/ES T
EEARAGR ORED BN G O EZAT O Er T D, TR CHREREN I LT

¢(x)dx
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4. Adaptive Dunnett # E IXRIGHR O EIZE LIZBEOFHE 1 AT —TYO0T7T—X L H\W S 7
. Step-down Dunnett & & O Fefi+f Z JE7AME 213 Adaptive Dunnett f7E D% & 0 IFHIZ
INEL 72D, MOFEE LT, 1BRBEORIUL—L &2 ISR ET D 2 LN TE, A X
Tit7e ERIRDIEY — NV SEHFRETH D, o, THEMNT ORI Z B E 3 5 L2378
. F=HEEFEOFETHRD TE Y, M~ FERTHE L 72 Dunnett k2 E O S+
TIEFRMERNEEARE TH D 2 TH D, LA L., Koenig et al. (2008) 3Tl FRFERER D
integrity Z (R T D720, IV 2 DT X T T —1 3 UOIBFEREORIRO > ) 4 %R 5
BRGAREIC 7 2 F W L TR Z E 2R LT D,

3.5.1.2 Friede and Stallard (2008)IZ & 2R E A ED LK

Friede and Stallard (2008)['0)} %, #AME. BEZIRT VA1 . Step-down Dunnett f7E
Adaptive Dunnett fi € D 4 DD FIEITDOWT, TR TIBIRT DIREREOR A LT /NT A
— e (zV 2 70Mx _ g e = 072 BIFHIMEBIAD | BEO LRI, &= 00/ HITETO
R EIR) 2REL, W< 20O v T U ADO T TOH—FEOmAMRIS KO %
M L7z, BB OEFEMESRIT, Adaptive Dunnett fREILZ DEFRN HeDEIZ L 5 TIFE
HFKRELMER L TN —T7, 3 DOFiEITZeRN —EOMED & BRI & IR o T,
R INE, WWERROEEOREIIE U TR LR E o7, HRBRHGR A TT T
BREDAZ TIE RN Z E D RE SN D560, IBRIEOIEIUL— LN R I VBIR 206 2
AT =D T L E 9 ATt MRV & o 258121, MERE, BERT A |
Adaptive Dunnett fREIZIE & A ER—THZRT A 3L L 0 DT/ WIRIE I Th
Y . Step-down Dunnett & E X PRSP TRV ) Th o7, —F, BB ATE O
WWEBEPN A TH D Z LIRS, EEOWEEREAE 2 A7 —VI2ED 5 afgEtEs m 0y
B, b LT, BRI T &R EOBEN b b AR e BELSN OIRIRIEZ 55 2 A
T = VNHED DR m WS GHRE. Adaptive Dunnett f27E,  Step-down Dunnett 15
ETAEWITEWREA L7220 | BERRT VA > L0 3%FE S < 2> 72, Friede and
Stallard(2008) 191X, 1 DO FEDOKRM AL D FITE WD TiXZenWed, EoFiE%
BIRT 20I2 O T, EORRIER L IREHEORFUL— VBT 2 FRIE RITKFET 5
LBz, DL EED LT 3RV 7 FoFHATgENE, SRERBIRHE O RS
HREDL-S T D EBRITND,

352 mHE

2 AT —=UT WA LTI, RRIENTRICEIOIRREED D e R OISR 2 R 3 IBR R
ZIRIR L, IROBFECEIN S VT IREHE & i IRBEZ L 2 RIS A< Wb b, 20
IS 2 W A8, ELWHHIERN T ThiZen & B S-8OS HEEEIZ A1 T
REELTENMBILTWS, UMVCUE I, 2O/ A 7 A& EMICHHIE L7cHEEM Th
Do 2AT =T YA NZEIT D UMVCUE % fANZHER L= DI Cohen and
Sackrowitz(198)ITH ¥ | AT — VR TIEGFIE N ETH D L WO REICESHEERET
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bHbH, TDO%, AT — VM TAREFEOREFBIZYEE L7-F1E (Bowden and Glimm
(2008)121) | 2 BPED> & 2 BePEIZHEHR L 72 FE (Bowden and Glimm (2014)22) 23423 S 41
Too HERSMEIC X D RMIFIEZ S T A o~ HEE L 72 FE  (Kimani et al. (2013)23) | 2543
BME 2 E T TR EIC L DRAEA T — U ~BAT TE DR T VA~ LR L= Tk
(Robertson et al. (2016)123]) 23EZRE X 41, & 5|2 Kimani et al. (2013)23X> Robertson et al.
(2016)24D FHE ThR/NIHIZ IR BN GAE ORI ZUE L, ZEREICIET 220 TE
% Fik (Stallard and Kimani (2018)%]) 2 g I 7, S HIZ, SHBEE TIEe < KD
R AEFE L725A DT (Robertson and Glimm (2019)!19) #4222 X417, Cohen and
Sackrowitz (1989)[9123 22 L 7= UMVCUE & 3.2 THIZRE# 4 D IRIEREOEIUL—L 1 O S
<. BRDOIEHREEZRIRT 2716 TH 5D, A TIE, Cohen and Sackrowitz (1989) 11D H52
4% UMVCUE Z L33 5 2 & T, &0 ik fuL— LI H 7T RE 72 Bowden and Glimm
(2008)2NZ AT 5,

3.5.2.1 Bowden and Glimm (2008)IZ & 5 —#&m/N D EIEH G EFREE =
Cohen and Sackrowitz (1989)!"NZ L W AN E SN2 2 AT — VT A BT D
UMVCUE [ZLL FOXTER I D,

Z 1 o)

2 2 o(W)

Z=Xay+ 7. W=V2(C—X@)). V: H2 27— VORI

Z ® UMVCUE /%, Rao-Blackwell DEHZICH L, NME#HERTHLHE 2 AT — TV OH#E
TN & A TRIRE O HEEE A X 1y > -+ > Xgo & LCRIFESIT . WL O D5+ it & i
Hx256Z L TEHH I TWA, Cohen and Sackrowitz (1989) PU2342%2 L 7= L UMVCUE
T 1 AT =V L8 2 AT — VOB O S NG LA, kO EOT TR Y
BTG T 2 HERTH D,

Bowden and Glimm (2008) ?!1{3 Cohen and Sackrowitz (1989) 2> UMVCUE % 1 A7 —
VEF 2 ATV ONIED BB AETH DG EITIET 5 2 & T, LEO PR
JFUZEITH UMVCUE OHEEZ FIREE LTz, £/, ROENIIRERECTIER < L EO1E
DN FEBICREVIARFEZRINT 5 Z LA TH 0 | AWML O FEHEIZ LS < TR
RLEBEL TN D, itk %2BE 2. Bowden and Glimm (2008) 21jx UMVCUE DJLiEE
EZUTOXTIRE L,

o3 Xy + oL )Y _ o3 {6 (Wjs1) — ¢ W1}

figy = 2 2
SYORNY bﬁn+g%{¢@%nﬂ—¢0%fﬂ}

Xi(i=1,..,k) : N, of)DENIMSLZRERAHED BE | DF 1| AT — P OIGFRIN R
DOHEENE

of; 1 B 1 AT — U TORE | DIGFNROHEE B D 53 HL
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Yi(i =1,..,k) : N(ugy, 03)DERDSICUED i FBITENTZIRFIROFE 2 2T —2 D
A
02 1 B 2 AT — U TORE | OIRTNROHEEE D /31

Fo. Wo LT OXTE A BN D,

1 (03X + ol o |
WS,t = 0-2 - X(t) 0-12'(5) + 0-22'5
e Jﬁ®+0ﬁ

s=1,..,k. t=0,..,k+ 1.
Xy = 0> Xy = = Xy > Kgyr) 1= —00,
0 (s ¢ s B BITENTIRI RO /3
RO RPULEL HEER TIIRS pEORE S T 256, FiWw, T 0Xh%&

20X @ x iz % = L T UMVCUE 24T 5 = L S THETH 5.

91,(t)

Bowden and Glimm (2008) 2!} %, #£%9 %5 UMVCUE OMfEEZ VI 2 b —Y 3 Ik 0k
AE L7z, HREMNTRES 2 E 2 G0 B L LT, PRI E N E E UMVCUE O
MSE N KREL 72D Z LR LT, ZHUE, FREMEHTRESEWVZ & Rao-Blackwell £9%
7o O DNRRTEREN DI TH D, —F MLE (BB 1 AT =V RVEHE2 AT —TD
BN O EYME O EAfF & ) D MSE (BRI S OB L Z T 7\, 72721,
HIETRRTIRE RS B & TE LUMBIR 2 RIS DRI NS <72 D729, MSE 2#/hs< T 57
OICH IS Z RO Z EDRMT LHLEWEILE 2780,

Bowden and Glimm (2008) 2%, 15HHEA SHEE LG E O, k{EDIGRONj FHIZE
WIRIRZIZIR & 556 Dy ® MSE X O A OTIRZ R L T\ 5, BEOTREIROK
T INFEMROLGE L, EMBRTRVWEELHmF L2E 24, UMVCUE @ MSE I3y, =
fy = = usOHEITHKERY . —HOLEEZRE, jOTRE (uz) TEHRELIA
HARTEN R BTz, MSE Dy = pp = - = us DA ITE K & 725 Z L 1X Sill and Sampson
(2007)2IDFER L LIRS T D, FOFEHIT SN TRV, 72, gy =y = =pus =0
EARGE L7285 @ UMVCUE @ 20000 [B15y OHEEEZ 77 > b LTc & TA0 pay & gy PFF
UMVCUE O3 iD e — 7 ML i LT 72 v 0 oo LI Tl R oo
T2, FENENERSAAIEEIE 7z,

3,522 —HRDIBEHFETRHEEELNOT7 TO—F

INET2AT—=UT WA BT DROHEERED S A T ANTKHLT 5 ik LT,
UMVCUE W57 7 a—F Zfifii Lic, HEEEDNSA T AZWOT 2 & IXEDn#%E
HMESE5, TRbbi#fEOREEL TP Z LI oRND 2 E0nb D, NMifteEz R
52 LI KV ERERRGES G R U, (BHEXKHIEAA D 2 SIXERTIE R0V Lt/
WV, ZIZTH, BRI T AERET DO TERRI AL T AT H7 T o —F %\
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KOINT 5D, B, AT RAEKMT D, TS T AEZFEST L L5 ifEERIX
SCREFENIANA T A %EL | DF VIREEZ SR T AEEENH D Z L ICHET HHE
Nd 5,

Carreras and Brannath (2013)71}%, Lindley Offs/MEEEEZFIH L, 4 DLL EOIRER &
T2 AT =V T WA A PR IMEERARE L TWVD, FEELIFIVIalL—T
> EHWT, #8215 & Cohen and Sackrowitz (1989)111(Z . 5 UMVCUE } UX Stallard and Todd
(2005)2NZ K B34 T AR D2 MERLZ B LZ, VI 2 b—1 3 VOFER, Cohen
and Sackrowitz (1989)'NZ J2 % UMVCUE | 38R/ 31 7 A & 52 2R ERIBETH 575, MLE
X0t MSE BN K& o7z, Stallard and Todd (2003) 2NZ X B HEE &IT /A 7 A Al 1E
T AN H Y, MSEIZBI L TH MLE KO/ MEEBIZH HFERTH -T2, FH LIRS
ORfE/IEERIT, BIRAA T AZES T2 L2 A[FEL L, MSEIZBIL TH MLE & [R5 5
HLLIFEVEET D EBEITND,

Pickard and Chang (2014) BON%, IEBI/0AR K OV AR 1246 9 FHMEE BB T 5 2 A7 —
VTV A KL TNRT AN I T—RNA RN T TVECLD AN, T AR T HZ &%
MELTCND, FEEDIEIVI 2 b—ra 20T, #BEIE, MLE X ONERSAIZHE S §F
T H 2%t L Tl Carreras and Brannath (2013)271Z X 5 #fd /)M 7€ & % U Bowden and Glimm
(2008) Pz 1 %5 UMVCUE, —HE4ARIZHE 5 7B H (2%t L Tl Tappin (1992)BPNZ X %
UMVCUE & D% /8 A 7 Z KT MSE OBLE D BRHE L7z, FOFEE R 5%E LV IER A0
OEHE. TREEIXIMLE &l LT3 A 7 A KO RMSE Z{&JE L. Carreras and Brannath
(013)2NZ KX B i/ M B & RIFRFE D /SA T A %R L, BEOVENRIe D56 1RRIE
I Carreras and Brannath (2013)?70Z L 2 ffa/MEER L W &34 7 A 2K L, RMSE [L[Af2
EThole, ZHNMDOLEIT SRR R 557,

3.5.3 XEHEE

KR T, IBFEHORIROT X 7T 4 7T A N LTRES TS, KEHEED
TEH RS Do

Stallard and Todd (2005) 28I %, HEARZEMNEF & p EORERIZ IS < RRHMEEX M 224
L T\W%, Sampson and Sill (2005)B2I%, —HhRGIR ) S0 & AMREkRE IZH D B M &
R LTV 5, Poschetal. (2005)3301%, #HEAEME IS 2 FRHEH KM 2422 L T
%, Bowden and Glimm (2008)21jX UMVCUE 7 7' 0 —F 12 L B mHEEZIRET H L L b
2, RO CTEERMAERT 2 HEZIR TS, Wuetal (2010)BP41%, fEIIA
F7 7 a—Fl iS5 FEEZRE LZ, Nealetal 20113501, JRREEDE L —/L 112
F5< Wuetal. 2010)PHD k% | K0 Fedk 72 RL—L 2 ~— ¥k L T %, Magirr et
al. (2013)B¢1%, Posch et al. (2005)33D 7 {EN PARE FNEIZ KIS L TV R W Rz dedE LT
%, 1EHEXEZFET DREINER LB L0 5T, BRSSP R ok L
THZITEA CERWZ LIHEERKETH L, £o, AT =80 3 UL EOBGEITIRR
L7-J7# & L. Bowden and Glimm (2014)22 Luetal. (2018)3738% %, JRIREE DL —
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Ve KFHEEDORRET DR Ob—/MZEDSWTEIR L72RE, UTBIRS LR o TR
EEOIZTNTOR) IZOWT, KEHEEDOHIEZ L 34 ICREEZ £ L 0T,

#F16 XEHEDOHEDOE LD

TREREORIOL— L | KEHEEZ T 28

ERMNSCL; IR L7 B
JL— 1 Stallard and Todd (2005) (281 Sampson and Sill (2005)2),
Wu et al. (2010)%
JL—)L 2 Posch et al. (2005)1331, Neal et al. (2011)135)*
Bowden and Glimm (2008)2!1
Magirr et al. (2013)1361*

* X[ R IROD A AR,

3.5.3.1 Kimani et al (2014)IZ & 5 REHEE A EDLLE

AETIX, FEX MO 1EO R % g U 72 5% 5C Kimani et al. (2014)B810O 2 % i
9 %, Kinami et al. (2014) BSITIIIRMHEDOREIUL—/L 1 ZHi#E L LT, Sampson and Sill
(2005)2, Wu et al. (2010)141,  Stallard and Todd (2005) 281, Posch et al. (2005)531®> Dunnett i
1IE (AT Posch et al. with Dunnett) , Posch et al. (2005)3310 Sidak il (EL T Posch et al. with
Sidak) L OKFHEE (LLTFFHA —7) Ot 6 >OEHEX M OREE . P8R K OVE ORER]
7k LR DMEL TRIAZMEOBANO VI a2l —ra L >sTEHMEL TV D, 7235,
TRIEREOBUL—/L 1 O FTiE, Neal etal. (2011)35% Wu et al. (2010)34, Magirr et al.
(2013)B°X Posch et al. (2005)33 & [EARZ2EHE X M ORERL 715 Thd S 72 %, Kinami et al.
014) BT Z N B Z T 5 HIKIZED TR, Y22l —a  ORELE LT, Bk
BEOHAE 2000 4, ILESHCE 1, BEREHE X IREE 400 N, Sf&AYIC IR S 7o 1B AT
400 A, TE8MIFRIAZ 027205 08 MOV I = L—3 3 VEEE 10000 [ & LTV 5, BERE
105 025 FHEZE LR E FICHE TV D,

Kinami et al. 2014)B8Z L5 2 2 L— g UFERODELE . A4 — 7 OEEXEILE 1
AT =V TORBEOEN LT E, £ L TEFRIFR-IA R E VI E BRI ZT 7 R
DBENORHEY TH D Z L AR LTS, 6 DDOIEHHX[H O TlE Sampson and Sill
(2005)BAD(EHEAX I A b BVMERE TH - 7208, O FEBIEEAED T TV A TR #%
BT 22 L2 TND, TIRN0ZERSHEE (LT, M) OB T, Wuetal
(2010)34 & Posch et al. (2005)33 with Dunnett 75 X UVMERL TETH D Z LR &z, £7-.
TRRZ 1 OE Wu et al. (2010)B34F 7213 Posch et al. (20050 iRk ik s L, ERRIT
Sampson and Sill (2005320 ik E T4 7V v RighiES K0 BUMESHEK B O R 15
EEBEZOND EWVWOTAT T HIBRTND,

Kinami etal. 2014)B8%, 5 1 A7 =Y TRbDOL E WD Z R UTH 2 AT -0
ezl BIAT—VEE 2 AT —VOREMEMNEE TH D Z L EEL TN D,
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Sampson and Sill (2005)P2D SFiEIX, 26 ORGE COMMEFEXMNELINDL Z LICHEERES
L=\, F7-. Stallard and Todd (2005) 1D F5ikI%, 5 1 AT — P OHFEMEHT OFERIZEES
< MO TAINEC X B B L2 HAGAALTESHATY (272 L, JERBEHE IR
LTV [BHEXE AR T 5, Posch et al. (2005)B3 & Wu et al. (2010)B34D J57ik1%, 5
1 AT — O RENT Ot FATEE S < MM U A NI L 5 B 1k & EBIEL FHE E O
W T EBIAT, Z ENTEDL T ENBRHATND,
3.5.3.2 Sampson and Sill (2005)(Z &k 51588 XE

ATHIX, Kinami et al. (2014) B8 TEREHEORIUL— /L 1 ORPLTHER SN2 TETH
% Sampson and Sill (2005)321% #BH35,

R Ho: ey — po< Aayo vs Hi: iy — o> Ao &5 2 %0 Ay (T AT DFE R 5 e b %)
BORREZVEE L XTHRBE L OB ZOBEEE~—Y V2R L TWD, T4 =TT S a—F

LT, MERTROMRERIRZ - GIciS<, 23—kt 7=-—2—=

ni+n,

nl)?(l) +n217

L NIIRBEEDF | AT =V LHE 2 AT =V R T IEN ITFE 1 AT —D L

ni;+n,

2 ATV RS LSO ER TH D,

- = ) 1 1
Z—Yy~N A(l)OtJ <m+n—0)

Z OIFEAHUILL T &l LA SN D,

1

ng+n, ng

Z_ - Y_o > A(l)o + (p—l(l - a)U

ZDFTA =T BRI E - FROMBRMER LRSI E L RERH Y . T 5 1 DODHkE
& LC Bonferroni D E#H 5 Z EMEZ LR, DFEVO 11 —a/k) T 52 ER—DD
TETH D,

BLAT =V OT—=H T EHODHOBELEZ DD,

Y-Y,~N|A 2<1+1)
—_— ~ ‘0' — —
0 o n, nNg

ZHUE, WRIREOE | AT =V OT7—=F @0 T, HLAT—VOT7 = ZIZESIHET
b, T, EHEEE 1 AT VLB 2 AT —VOmMGOT7T =22 MnTnd, Zh
T —FEOWBRMEROMBIL RV, BENICKTTLE S MERH D,

Sampson and Sill (2005)B2138(1)<° py D /3T A —ZIZOW T O b 58 ) AT & N
7E (uniformly most powerful conditionally unbiased test, UMPCU) % BA%E L. MEN HAGFHX
MZRERT D HIEEREZ LTz, UMPCUIZESL T 7o —F TidQ = (X: X, > X, > >
X e BUE LTt ST S HERE B W I3k D K 5 1272 %,

&3



fo(W184y, X*,T) = CNeXp{—n— W-—= Y

0
ZTXNEX K, > > K TIE(E = Yy)/2. CyIERULER. W idn(Z — Tp)/20% T
bd, ZORITX, TOLMA & DAITIES N0y UMPCU Th 5 & EFH TR LT
%, RIS ITIGHRRE & G HREE & OREMZED100(1 — ) WEHX I, fo (DD R F 0B
B R ETRO100 X a/2%80 HRER S D,

3.5.3.3 Bowden and Glimm (2008)IZ & 5 1S %8 X [

X0 FRZIRBRE O BPUL— VI T & 2E X & LT, 3.52.1 T CfiFi L7z,
Bowden and Glimm (2008)221¢> UMVCUE 7 7' 1 —F & WX M 2N 5, itk
3521 HESBINTW, RE AT T4 —ANER LTz, ZDOJiE%F(T79 5 SAS =— K
# 3.62 HITR LT,

pep PIEEX NI A OB ERIE, K OE OO R = py = -+ = i DHE T
BNDEWVWIED T T, #2510 UMVCUE (25T 2R5FHI72100(1 — a) % E 18 X X
LFOXTHEZONS,

o? < B n05(1)>} o {\/n_l (oW +no(T - )?(2)))}

Ay £ @711 — a/2)V
VA =ty = -+ = DB BTG ON D BARO SHEEHEO T TH Do WIS 5 FED
HEDY I alb—va UERTIE pay & pe PEBRX B OGRS HKEZ DTN
LRI gy, by u(4)®1§%EIZF‘ﬁ“C“ z.bbﬁ“‘z% 4 AKEZ TSR TH T, 165
FIC CTROGFEDRICHE T OEDH 256, TN TOMEROPERERITH B BRIz
2. b LT EE> T,

36 BTN UIL

3.6.1 RIZ&k b rpact /Ny Hor—o

AHETIX, RXv 7 —YD 1 5THhHD rpact & HNWT, IBEEOEIROT X7 T 4 75
WA a2 FIET D R a— FOMEUICOWTERNT 5, £z, BARRRFER & LT D
T RIRA 2 M EFOMBRT A AT HOWTRITT 5, A THRT H2HAIL, 22,6 HT
HEEICHI RS TWDIEY | rpact DA REITHAE L L CTHE SN TWEDT, T
SN X 7o, FIESHEERAIE 72OV TIL, Wassmer and Brannath (2016)1401 2 2\
TelZ &2,

FEEDFINT, rpact DX Ir— U B wiriATe,

library(rpact)

[RBRTF A v DRE]
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3ODAT =V OH SN DR (TR A 2 Bl AT 2 1[5 053 2 2A5R)

THRHREEICXTT 5 2 DOIRFEREDOIRIRN RO ZBET 5, a=0.025, {HREEO LD
R 71T 80%IZEET D, & B2, O’Brien and Fleming . ™ o JH% BIE 2 1 L CIEAIFR
FEEZFHR L, H£AT =V OFREITHEIDMINATND ERET D, EHIT, HRT)
D72 (non-binding) MEZRMEDRIL, “MEDIER N R OFKRIHIZ2EIE OB E 1| 27
=T TS%LARWGES (DFEV, HEN095) L. H2 AT —UT10%LN7RNES

(DFV ., HEN09) ERETDH, MHIZT D720, EAEOFPHIIMZL TV D L8
ET D, rpact (TEIZ z AT — NVOERRMEOTR 2T 5720, Lo ELEMEORFEIC
KT D 2 AT —NMEE G2 D0ERH D, z 27—/ TO (BIBLED) HEIEMEDRR
flie LT, 81 A7 —150.14915, #2 A7 — 15041381 LitH S, Zh b O
Ra Mk L=BgT A 2RO LD ICRET D, kMax=3 1%, 3 AT —VORRT 1
YERY, 728, getDesignConditionalDunnett() B84 2 iV % Z & T Adaptive Dunnett (2 & 5%
ZEMEOTEZITHOT VA U ERGTTHZ &N TE D,

#GSD with futility bounds according to above calculations
d <- getDesignGroupSequential(
kMax=3,
alpha=0.025,
beta=10.2,
sided=1,
typeOfDesign = "asOF",
informationRates=c(1/3, 2/3, 1),
futilityBounds=c(0.149145,0.41381),
bindingFutility=FALSE)

summary(d)

FATHER 2 L FIORT.

## Sequential analysis with a maximum of 3 looks (group sequential design)
it

## O'Brien & Fleming type alpha spending design, non-binding futility,

## one-sided overall significance level 2.5%, power 80%, undefined endpoint.

#H

## Stage 1 2 3

## Information rate 333% 66.7% 100%
## Efficacy boundary (z-value scale) 3.710  2.511 1.993
## Futility boundary (z-value scale) 0.149 0414
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## Cumulative alpha spent 0.0001  0.0060 0.0250
## Overall power 0.0213 0.4471 0.8000

BINEATV=7 bEMNT52 LT BHET LT XTORBRT VA 3T A —4
@%gﬁbhéomﬁ27~v@%%%&a@amm\ TREDIEFIELR FT DI [One-
sided local significance level] ZZM) 1%, FRIER SN o LD HOT I, 1.993 D
FEHIPRFEDS 1.96 L 0 TN KEWT &, Z4UE, O’Brien and Fleming %0 o YH % B4k
DL Db DOTHD, oI, EARWRATN T A—=2OMENN TIN5,

[EEBI%ER ]

DT RRA v N EFEORBRT VA v OREGIEGHREIZB LTI, pact i~ R
getSampleSizeRates() & #2{fk L TV %, rpact TOIERIELOFHEIL, #IZ 1 DO GHEO L
DHEZBRTLZLICHEE L TWEEEZY, Z0® 7y a T, fEOTY RKRA v
N &M LISIRIEREDOBINRD 7 X 77 4 77 A TOIEFIBDOFRIZONWT I HIZFEL
<HT %,

Ho TOIEFNEN 0 THDH, IBBERETORBERBEIML TV D LRET 5, m &ih
WEEOBEANEEGEZR L., I IHBHOMEADEA LTI n-—u>0 ZE%RT 5,
T, m=01 B E520NTHAIC. ANy MEDOTREIN DD N 50%TH 5
LHET D (DFEV m=005), VA7 ZEHELET 525613, riskRatio Z TRUE I[ZFET
Do ZHUZEY ., FRCH i m/m<1 I LTHy: m/m>1 BDRESND, ZOHA, L
Toavwy REHEALT, 1 SOBGHEZ T 57200 AT —Y 2 & OEFEEFHE T
ERAR

¢ _rate <- 0.1 #assumed rate in control

effect <- 0.5 #relative reduction that is to be detected with probability of 0.8

#rates indicate binary endpoint
d_sample <- getSampleSizeRates(
design=d,
riskRatio = TRUE,
pil = c¢_rate*(1-effect),
pi2 = ¢ _rate)

summary(d_sample)

FATHRER 2 LU TIORT .

## Sample size calculation for a binary endpoint
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Hit

## Sequential analysis with a maximum of 3 looks (group sequential design), overall
## significance level 2.5% (one-sided).

## The sample size was calculated for a two-sample test for rates

## (normal approximation),

## HO: pi(1) / pi(2) = 1, H1; treatment rate pi(1) = 0.05, control rate pi(2) = 0.1,

## power 80%.

Hit

## Stage 1 2 3

## Information rate 33.3% 66.7%  100%
## Efficacy boundary (z-value scale) 3.710  2.511 1.993
## Futility boundary (z-value scale) 0.149 0414

## Overall power 0.0213  0.4471 0.8000
## Expected number of subjects 751.7

## Number of subjects 313.8 6275 9413
## Exit probability for futility 0.0625 0.0108

## Cumulative alpha spent 0.0001  0.0060 0.0250
## One-sided local significance level 0.0001  0.0060 0.0231
## Efficacy boundary (t) 0.061 0.476  0.643
## Futility boundary (t) 0.950  0.903

## Overall exit probability (under HO) 0.5594 0.1828

## Overall exit probability (under H1) 0.0838 0.4366

## Exit probability for efficacy (under HO) 0.0001  0.0059

## Exit probability for efficacy (under H1) 0.0213  0.4258

## Exit probability for futility (under HO) 0.5593 0.1769

## Exit probability for futility (under H1) 0.0625 0.0108

#Hit

## Legend:

##  (t): treatment effect scale

[Futility boundary (t) | 1%, BEZDEAr— BB I N2 BEEOR R 2%£T, L
Mo T, ERTEHEAE LFMERISNESIL. 1 A7 —T0950 DEFE (DFED | 5%
DOFRHED) L5 2 A7 —T0903 D (DFED | K 10%DFExHEA) (ZxHcd 25 2
LD, FBICERLEZLDIZNZ2VIEVETH D, ELOFER E DL 0 72E N
T, BSOFHICEE SNMNEIC KA b0 TH B, L. TOREMIbALTH, 4
LB IMOBEDHELIGTD Z LN TE D,
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HAOZE->THELADE D 1 DOEERIGFERIL, aTT7—% 0.025 ITHIEI LR S, 1-
B=08 DI ZHERT 272, MBROBZERT S Z & TH 5, [Number of subjects]
ICHD SN TWDIEIE, 2 BEER L2358 0 2 BEO MBS FHERIE A H A Sh T\ b -
W, BEZ EITIE314/2=157T DREGIBLEEL 72D, LIER-T, 3 2OGHE 2 DIi3iAk
BE. 1O IEEE) 20 L72BRT A 2 E LG A. 1 DORBREL ik LT, 3
DDAT =V L2 ODIRFEHEDR D D720, I RKOPIRF L 3 FEX3 27— X157 = 1413
Eleb, TIZT, ZHUT1-p=0.8 ORI ZZERT D 72 DI LB AIEFIE O I U2
THRVWZLIZEBE L TCWEEE Y, 22 TomEIE, BESND2EE IEF ICHRET
LR L L CERIN, BEOBFEHEEA LZRABROY I 2 L—ya VERFTT 256
B . R NE R b 1 DOIRERECHE L R AR TH D,

LS K 2 B IE OfEsR [Exit probability for futility (under H1)J (X222 0 {2 &
MRINTND (1 AT — 00625, H§2 A7 — 0.108) 23, ZAUIIRE S HIEH#
R L EFR S NIRRT 5, [Efficacy boundary (t) | 1%, % 1 27— T Hy = FH]
T DIDITIRIFERETA X FORIERBAD 2B T 20 ERHHZ L a2 RL TS (JE8
L 0.061, DFE VFHRHEA 1-0.061=0.939), ZhbFE/z, # 1 27— T O’Brien
and Fleming B o HEBIEUZ X D RSFHEAZ R L TV D3, A7 — Y DRI U TR
O H BRI HFRRED 72l A2 3% E TE D,

#boundary plots
par(mar = c(4, 4, .1, .1))

plot(d_sample, main="Boundaries against stage-wise cumul. sample sizes - 1", type=1)

plot(d_sample, main="Boundaries against stage-wise cumul. sample sizes - 2", type=2)

FATHER 2 L FIORT.
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Boundaries against stage-wise cumul. sample sizes -1

27} - gnom(1-0.025)=1.96

/ — Critical value
/. — Futility bound (non-binding)
®

Futility Bound (Non-Binding) and Critical Value

07— T T
3138 627.5 941.3
Sample Size

Boundaries against stage-wise cumul. sample sizes - 2

° ‘
T TT————— | — critical value (treatment effect scale)

— Futility bound (treatment effect scale)

0.75—
L ]
0.50— /

0.25—

Risk Ratio

I T T
3138 627.5 9413
Sample Size

i A T RE 7R RISt L CREERIEZ 7 v > 95 2 L id, HEERBRRHEE O
FLHRIT D HETHD, EORTIE, ylliz z 25— 1OERE R L7y 2R
LN TED, WL, FIRE S a=0.025 24 U7z B EEARBROFEHIRAE A
T FTORNITIEARMIZ EOK LR CHHFERAE TN TWE0, y SFIRED RO R r—v
TRENTWD, RORRT, %4975 AT — Y THREAABENEZE 5208 %ET D0
B D FGIMEDRAZ R L, FOBITERMEORA 274,

[RBRTFA DY Ial—v g V]

RRAFEMT LR I 2 b—a a2 FTTHI 8%, SESERV TV AELITA
BHREZMEL T, B (LRROEEREZSR) REORMEATMTE 2720, £ DY
AEHTH D, LIEN->T, YIalb—ra ik, SES&EhV T U A ERITEE
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DWREOFEEMEIZIE LW E LIESEAIS, FHlEESNZdBn E il Ly ictEdeZ R T
XDLMITHONWT, IV RN GEGHZENTE D,

ARERFIEI O I 2 L —31 3 &, BIX getSimulationMultiArmRates() & 5 H L TEEAT S
D

#design as above, just as inverse normal
d_IN <- getDesignlnverseNormal(
kMax=3,
alpha=0.025,
beta=10.2,
sided=1,
typeOfDesign = "asOF",
informationRates=c(1/3, 2/3, 1),
futilityBounds=c(0.149145,0.41380800),
bindingFutility=FALSE)

Bz X, BRI DSCRIEROFMOT-DIZHAFR S I 2 L—ra VEFATTHITE, 29
DOIRERET (e 2) AHBEGEHETHILNERSH L, UL, T4 7V =7 N TER
T5, ZfET— X O%E . THNIEHOEEOGNEIGE BRI 20, XIREE L IBEREO
ARHEEOEIBRLZR, I, KEREBEZFENICERT OILERND D, Bz, v
= =g A 10000 Bl 2 SOREBRIGKICK T 2 AIEIEGE 30T U A (v
U4 1:[0.1,0.1], >F V42 :[0.050.05], 7 V43 :[0.055,0.045]) IZOWTHHT S
Yt LLFORRICIEET 5,

#set number of iterations to be used in simulation

maxNumberOflterations <- 10000

#specify the scenarios, nrow: number of scenarios, ncol: number of treatment arms
effectMatrix <- matrix(c(0.100, 0.100, 0.05, 0.05, 0.055, 0.045),
byrow = TRUE, nrow = 3, ncol = 2)

#first column: first treatment arm, second column: second treatment arm

show(effectMatrix)

# L1 [2]
##[1,]0.100 0.100
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##1[2,] 0.050 0.050
##1[3,] 0.055 0.045

XPIREE & L S5 2 DOIERBE A 2 TR BR T A V2 BET 5 L. 178k, £
ZNEA DI DR DOIBFHEOBANEG & 2FHOHO 2K HOIWBFEHORDE G L5
» 5,

WDAT T TERECVI 2 b—2a rz2374 5, REIISLTYIalb—rarsm
RET DL, WL ODPDOERERET DLERSD D, W OPDOFT T a ST ONTEE
ETEERIT D0, SOITHINREF T a VOBREIZ OV TIE R package Dl % %
L TWeEX72 0,

Gl B

directionUpper FEROMEZ ZHET D, 7 74V MME TRUE T, BREFKTRED
ERARELBRDIFEEpEN/NESL DI EEEWRT S, AHET
IR T ENAMTH L7, FALSE IZRET D,

intersectionTest FEGER DR ENAFE A3 5 5, “Bonferroni”, “Dunnett”, “Simes”
NENTE D,
typeOfSelection TBEREDOEIRD F1EAZ R ET D, "best", "rBest", "epsilon", "all",

"userDefined" 7% T & 5, userDefined Zi&INT5 2 & T
"selectArmsFunction" & % E "selectPopulationsFunction" ? &% &
INLENZ IR B0 2 2 TR THE Sh o mRBIR DO~
RV (piMaxVector) SZHE 15, — MK userDefined % f:

ToHZENHERIND,

successCriterion BHhED BHAHFIE DS, "all", “atLeastOne” &R TE 5, all
OE AT RIENTRE RO T X T OGN A2 R T LA
HD,

plannedSubjects FHHEEECO/R AT —U O 1 BED Y ORERFIEK,

#first simulation

simulation <- getSimulationMultiArmRates(
design =d_IN,
activeArms =2,
effectMatrix = effectMatrix,
typeOfShape = "userDefined",
piControl = 0.1,

intersectionTest = "Simes",
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directionUpper = FALSE,

typeOfSelection = "rBest",

rValue=2,

effectMeasure = "testStatistic",

successCriterion = "all",

plannedSubjects = c(157, 314, 471),
allocationRatioPlanned = 1,
maxNumberOflterations = maxNumberOflterations,
seed = 145873,

showStatistics = TRUE)

summary(simulation)

## Simulation of a binary endpoint (multi-arm design)

it

## Sequential analysis with a maximum of 3 looks

## (inverse normal combination test design), overall significance level 2.5%
## (one-sided).

## The results were simulated for a multi-arm comparisons for rates

## (2 treatments vs, control),

## HO: pi(i) - pi(control) = 0, power directed towards smaller values,

## H1: treatment rate pi_max as specified, control rate pi(control) = 0.1,

## planned cumulative sample size = ¢(157, 314, 471), intersection test = Simes,
## effect shape = user defined, selection = r best, r =2,

#1# effect measure based on test statistic, success criterion: all,

## simulation runs = 10000, seed = 145873.

it

## Stage 1 2 3

## Fixed weight 0.577 0577  0.577
## Efficacy boundary (z-value scale) 3.710  2.511 1.993
## Futility boundary (z-value scale) 0.149 0414

## Reject at least one [1] 0.0181

## Reject at least one [2] 0.8550

## Reject at least one [3] 0.8695

## Rejected arms per stage [1]

##  Treatment arm 0.0001 0.0031 0.0087
##  Control arm 0 0.0024 0.0079
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## Rejected arms per stage [2]

##  Treatment arm

##  Control arm

## Rejected arms per stage [3]

##  Treatment arm

##  Control arm

## Success per stage [1]

## Success per stage [2]

## Success per stage [3]

## Exit probability for futility [1]
## Exit probability for futility [2]
## Exit probability for futility [3]
## Expected number of subjects [1]
## Expected number of subjects [2]
## Expected number of subjects [3]
## Overall exit probability [1]

## Overall exit probability [2]

## Overall exit probability [3]

## Stagewise number of subjects [1]
##  Treatment arm 1

##  Treatment arm 2

##  Control arm

## Stagewise number of subjects [2]
##  Treatment arm 1

##  Treatment arm 2

##  Control arm

## Stagewise number of subjects [3]
##  Treatment arm 1

##  Treatment arm 2

##  Control arm

## Selected arms [1]

##  Treatment arm

##  Control arm

## Selected arms [2]

##  Treatment arm

##  Control arm

0.0086
0.0080

0.0043
0.0145

0.0029
0.0014
0.5797
0.0482
0.0429
776.2

1232.8
1243.7
0.5797
0.0511
0.0443

157.0
157.0
157.0

157.0
157.0
157.0

157.0
157.0
157.0

1.0000
1.0000

1.0000
1.0000

0.3839
0.3796

0.3090
0.4650
0.0007
0.2735
0.2645
0.1920
0.0068
0.0064

0.1927
0.2803
0.2709

157.0
157.0
157.0

157.0
157.0
157.0

157.0
157.0
157.0

0.4203
0.4203

0.9489
0.9489

0.3954
0.3996

0.3968
0.3686
0.0034
0.4437
0.4228

157.0
157.0
157.0

157.0
157.0
157.0

157.0
157.0
157.0

0.2276
0.2276

0.6686
0.6686
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## Selected arms [3]

##  Treatment arm 1.0000 0.9557 0.6848
##  Control arm 1.0000 0.9557 0.6848
## Number of active arms [1] 2.000  2.000  2.000
## Number of active arms [2] 2.000  2.000 2.000
## Number of active arms [3] 2.000  2.000 2.000
## Conditional power (achieved) [1] 0.0602 0.1379

## Conditional power (achieved) [2] 0.4254 0.6771

## Conditional power (achieved) [3] 0.4290 0.6911

Hit

## Legend:

## (i) treatment arm i

##  [j]: effect matrix row j (situation to consider)

ZOMNTIE, FANTRE LTz 3 DOWERRORE RN ZNEL[],j=1,23 TR
Do

HE SN DIRFEDRPITREE TV A1) OBRESNDLIRLEELVHo D T Tl
Pipl b 1 DEFEHAT HMEHE (Rejectat least one [1]) 1FEL 725 (DF V| F MO
ARTERDN 0.0181) o FHTHT DIGHRRE CrRWIRRIREZET D @< 2% GRLARE D
TTE, VA2 TORSEY 1| DORFZFEAT D2 Reject at least one [2] X
0.8550), F7=. WITNOHE S, rValue=2 & LTH G OEEGRENBRI LD Z &1%, —
FETIM T ORGEED L2 T 2 SO 72 LTV D0 E ) MIchfR7e<, 22
DB OREE (ZOGEIXTXTOR) DERSNDIZEEZE®RT L, IHIZ, ¥
L=y a VIHZEW L ODOFBRPEENTWD, DFED | 7L ZFAT—V T L DJE
BIBSETR S, FAT =V TRIRSN DGR OMERN, MESNLAREE T LR
feINnD, EHIT, ZNETIBEINTZT —F D, FaHICAEERERDG LN D
RLLTERINDSEMAT =) (Conditional power (achieved) [1]~[3]) & . HELSHE=R
R E RN 2R L TR ZAT 1 2387 A o DRt & L C— Il
A S D HRHERIZ (Expected number of subjects [1]~[3]) 72 EN—ERRSND, VT
A1 G 1AT— 105797, 82 AT —:0.1920) TITELFF RO (Exit
probability for futility [1]) 237372 0 @\ oD kb3 2 WIRHEGIEIIK 776 TH O | o
TV A OHFHEGIL A 1L D I FHE> T D,

N—2 L2 DB REORINGIENDFFER T, KR rpact CHIAFIRE CHATER I N4
var (DFEV., best, rBest, epsilon, §XT) THEIZH/NN—I N TWRWEGA,
typeOfSelection % userDefined (2% 7E L. selectArmsFunction-argument O A Jj & L CHEH &
NLHBEBEERT DLENRD D,
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WORIE, ) OB 2 LT 512 DIER T& DR/ MEFIZ R LT\ 5, Zh
1. 59146 LB AN, O, REOT-DIEEZREN S bTNcTh T s
FREMEN B D Z L ICERERLETH D,

Power by n (per stage and treatment arm)

0.82
|

0.81
|
o

e}

power

Theoretically optimal sar‘gple size: (146, 0.8007 ) intended power= 0.8

0.80

0.79
|

Blus: overpowered

0.78
1

I I I I
140 145 150 155

n

IO, RGO T T, B -FHOBBHEEREN =01 ZBET L5727 T2, m#0.1
DEGEOMD LTV FHER L THIE SN TNDNE 975 U HER T AN ERH D,
Vlal—valilio THELNERO T By M, FHFEOBRMEEN I EIERAGD
FAEDOIED FCTHIE S NS Z L AR LTS,

Alpha depending on value under HO (10000it)

alpha

0.000 0.005 0.010 0.015 0.020 0.025

I T T T
0.2 04 0.6 0.8

HO: pi_1/pi_2 = 1
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[ET — & OfEtT]

Z 2T, getAnalysisResults()2 v & RZMH LT, SEIEREZED fEOT L NR
AV NTF—=Fty bEARLGIIT 5, 2 2 CTOMITIL, EEOHDEIE OMICE ST
Ehi S5, 7238, getClosedConditionalDunnettTestResults ()BE% % % Z & T Adaptive
Dunnett |Z J % ZEMEOFHEZ EMT 5 Z &N TE D,

1 AT —VOMHTCIE, &I, RRTRISE SN T 40T =%ty NEFEITA
DT %, ZI TR MEDT —F ZIABHNT AR L TIIT %,

genData 1 <- getDataset(

eventsl =4,
events2 =8,
events3 =16,

sampleSizesl = 153,

sampleSizes2 = 157,

sampleSizes3 = 156)
summary(genData 1)

## Dataset of multi-arm rates
it
## The dataset contains the sample sizes and events of

## two treatment groups and one control group.

#Hit

## Stage 1 1 1
## Group 1 2 3
## Sample size 153 157 156
## Number of events 4 8 16

ZOT =%ty ME, m=0.12052 507855 OEFEEET 50%DOEE OB H 5 &
WORED T T, fEDT > RARA ¥ MR ORBROE | 27—V 07 — & ZRAEICA
T 5, RbBEWIEBIHETH D Index (3) 1T, MBETHELILA RN FEeX—2 L7
DIEGIE A BRI LT\ 5, oo Index (1,2) X, AEHEARL TRBY | IHEHETI VKRN
AFEPROND L HITBESNTWD, RO IEFEZIEZ= Y —ORENRK T
BT D ATREMED & DIEBIEL D DT DR A IEE T RETH D,

FEGROME & LT Simes 2 L7258 1 2T — PO EBEOSITITRD L 912725, 72
B.
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results 1 <- getAnalysisResults(
design =d_IN,
datalnput = genData 1,
directionUpper = FALSE,

intersectionTest="Simes")

PROGRESS] Stage results calculated [0.019 secs]
PROGRESS] Closed test calculated [0.01 secs]
PROGRESS
PROGRESS
PROGRESS] Repeated confidence intervals for stage 1 calculated [0.8796 secs]
PROGRESS] Repeated p-values for stage 1 calculated [0.6753 secs]

# [ ]
#t [ ]
#H [ ] Conditional power calculated [0.019 secs]

#H [ ] Conditional rejection probabilities (CRP) calculated [0.002 secs]
#t [ ]
#t [ ]

summary(results 1)

## Multi-arm analysis results for a binary endpoint (2 active arms vs. control)
it

## Sequential analysis with 3 looks (inverse normal combination test design).
## The results were calculated using a multi-arm test for rates (one-sided),

## Simes intersection test, normal approximation test.

## HO: pi(i) - pi(control) = 0 against H1: pi(i) - pi(control) < 0.

it

## Stage 1 2 3

## Fixed weight 0.577 0.577 0.577
## Efficacy boundary (z-value scale) 3.710 2.511 1.993
## Futility boundary (z-value scale) 0.149 0.414

## Cumulative alpha spent 0.0001 0.0060 0.0250
## Stage level 0.0001 0.0060 0.0231
## Cumulative effect size (1) -0.076

## Cumulative effect size (2) -0.052

## Cumulative treatment rate (1) 0.026

## Cumulative treatment rate (2) 0.051

## Cumulative control rate 0.103

## Stage-wise test statistic (1) -2.730

## Stage-wise test statistic (2) -1.716

## Stage-wise p-value (1) 0.0032
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## Stage-wise p-value (2) 0.0431

## Adjusted stage-wise p-value (1, 2) 0.0063

## Adjusted stage-wise p-value (1) 0.0032

## Adjusted stage-wise p-value (2) 0.0431

## Overall adjusted test statistic (1, 2) 2.493

## Overall adjusted test statistic (1) 2.730

## Overall adjusted test statistic (2) 1.716

## Test action: reject (1) FALSE

## Test action: reject (2) FALSE

## Conditional rejection probability (1) 0.2907

## Conditional rejection probability (2) 0.1204

## 95% repeated confidence interval (1) [-0.212; 0.043]
## 95% repeated confidence interval (2) [-0.191; 0.079]
## Repeated p-value (1) 0.1150

## Repeated p-value (2) 0.2429

Hit

## Legend:

## (i) results of treatment arm i vs. control arm

#* (1], ...): comparison of treatment arms 'i, j, ...' vs. control arm

FTTIZH 1 AT =V THLNIEWEDEISG TH DM, 2 DOEOWTI S FEAIT D
ZLIETERY, ZhuE, 2l IE AOMEORR E TIREROWTIUC L EIEN 0 &
VN D BROTERF O RRE 22 % A E R it & (Overall adjusted test statistic (1,2)) 23
2493 <3710, DF W BEOREEGREFEH TERNI LEZBEWT 2, 1 AT — U TldlE
WPEDER 22 TWRW2 | BERRIC X DFIEIT S22, ZAUE, W5 OIRREENE
QAT VOIS D Z L EERT D,

W2 ATV, T—HF Yy bEROLIITEKRL, F2XT MLDOANBED
F2LAT—V DT —HeHKT,

#assuming there was no futility or efficacy stop study proceeds to randomize subjects

genData 2 <- getDataset(

eventsl =c(4,7),
events2 =¢(8,7),
events3 =¢(16,15),

sampleSizesl = ¢(153,155),
sampleSizes2 = ¢(157,155),
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sampleSizes3 = ¢(156,155))
summary(genData 2)

## Dataset of multi-arm rates

#Hit

## The dataset contains the sample sizes and events of

## two treatment groups and one control group.

## The total number of looks is two; stage-wise and cumulative data are included.

#H

## Stage 1 1 1 2 2 2
## Group 1 2 3 1 2 3
## Stage-wise sample size 153 157 156 155 155 155
## Cumulative sample size 153 157 156 308 312 311
## Stage-wise number of events 4 8 16 7 7 15
## Cumulative number of events 4 8 16 11 15 31

ZIThH, AEISITEEE RS D EEELTWS,

results 2 <- getAnalysisResults(
design=d_IN,
datalnput = genData 2,
directionUpper = FALSE,

intersectionTest="Simes")

H
H
H
H
H
H
H
H

PROGRESS] Stage results calculated [0.016 secs]
PROGRESS] Closed test calculated [0.008 secs]
PROGRESS] Conditional power calculated [0.016 secs]
PROGRESS
PROGRESS
PROGRESS] Repeated confidence intervals for stage 2 calculated [0.8726 secs]
PROGRESS] Repeated p-values for stage 1 calculated [0.7006 secs]
PROGRESS] Repeated p-values for stage 2 calculated [0.7001 secs]

Conditional rejection probabilities (CRP) calculated [0.002 secs]

Repeated confidence intervals for stage 1 calculated [0.9176 secs]

— = /= /o

]
]
]
]
]
]
]
]

summary (results_2)

## Multi-arm analysis results for a binary endpoint (2 active arms vs. control)

#HH
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## Sequential analysis with 3 looks (inverse normal combination test design).

## The results were calculated using a multi-arm test for rates (one-sided),

## Simes intersection test, normal approximation test.

## HO: pi(i) - pi(control) = 0 against H1: pi(i) - pi(control) < 0.

Hit

## Stage

## Fixed weight

## Efficacy boundary (z-value scale)
## Futility boundary (z-value scale)

## Cumulative alpha spent

## Stage level

## Cumulative effect size (1)

## Cumulative effect size (2)

## Cumulative treatment rate (1)

## Cumulative treatment rate (2)

## Cumulative control rate

## Stage-wise test statistic (1)

## Stage-wise test statistic (2)

## Stage-wise p-value (1)

## Stage-wise p-value (2)

## Adjusted stage-wise p-value (1, 2)
## Adjusted stage-wise p-value (1)

## Adjusted stage-wise p-value (2)

## Overall adjusted test statistic (1, 2)
## Overall adjusted test statistic (1)

## Overall adjusted test statistic (2)

## Test action: reject (1)

## Test action: reject (2)

## Conditional rejection probability (1)
## Conditional rejection probability (2)
## 95% repeated confidence interval (1)
## 95% repeated confidence interval (2)
## Repeated p-value (1)

## Repeated p-value (2)

Hit

## Legend:

1
0.577

3.710

0.149

0.0001

0.0001

-0.076

-0.052

0.026

0.051

0.103

-2.730

-1.716

0.0032

0.0431

0.0063

0.0032

0.0431

2.493

2.730

1.716

FALSE
FALSE
0.2907

0.1204
[-0.212; 0.043 ]
[-0.191; 0.079]
0.1150

0.2429

2 3
0.577 0.577
2,511 1.993
0.414

0.0060 0.0250
0.0060 0.0231
-0.064

-0.052

0.036

0.048

0.100

-1.770

-1.770

0.0384

0.0384

0.0384

0.0384

0.0384

3.014

3.182

2.464

TRUE

FALSE

0.7911

0.5133

[-0.130; -0.005]

[-0.119; 0.011]

0.0086

0.0274
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##  (i): results of treatment arm i vs. control arm

##  (,], ...): comparison of treatment arms 'i, j, ...' vs. control arm

F1AT—VERUHBEZFITT L. ROZEDBDND, BIEOHE G (Overall
adjusted test statistic (1, 2)) [FXFEEIZ 4L (3.014>2.511), Z D% (Overall adjusted test statistic
(1)), 3.182>2511 THHI=, HYIDOIGRBEOIGRITEA I D, 0.0086 DAY KL p fiE

(Repeated p-value (1)) 73 0.025 % FEIH Z L2k ->ThH, RIUMREGEDLZ LN TE D,
ZORER, ZOWBFERHIADIEDO DI P T2 2 LN TED, 7L, 2HFHD
IBRBEDORE  (Overall adjusted test statistic (2)) XA EIZ/R 5T (2464 <2.511), #BRIE 2
FZHOIRFREDOHL TIRMEAT =V ETi SN D, 22T, AEINTAT—VZTEDp
fE (Adjusted stage-wise p-value) ZEHBEITMHENTL5Z LTI TE T, TOMEITFH 2 AT —
VOT=ZICDHIESNTND ZEICHE L TWZEEy, 22T IBITHTEZD
NOBELEMEH LI EHOMERENFITIND D, H1IAT—VEE2AT—TD
pEZMEH L T, R HEERE 2 ERTE &R (Overall adjusted test statistic (1,2)) 23FH5E
AL, ZOEIE3.014 L7225,

IHIZ, BIAT—VOT—EEANT D,

genData 3 <- getDataset(

events] =c(4,7,NA),
events2 = ¢(8,7,6),
events3 =¢(16,15,16),

sampleSizes1 = ¢(153,155,NA),
sampleSizes2 = ¢(157,155,156),
sampleSizes3 = ¢(156,155,160))

summary(genData 3)

## Dataset of multi-arm rates

#Hit

## The dataset contains the sample sizes and events of

## two treatment groups and one control group.

## The total number of looks is three; stage-wise and cumulative data are included.

H

## Stage 1 r 1 2 2 2 3 3 3
## Group 1 2 3 1 2 3 1 2 3
## Stage-wise sample size 153 157 156 155 155 155 156 160
## Cumulative sample size 153 157 156 308 312 311 468 471
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## Stage-wise number of events 4 8 16 7 7 15 6 16
## Cumulative number of events 4 8 16 11 15 31 21 47

IRAIRITITR D@ Y & 72 D,

results_3 <- getAnalysisResults(
design=d_IN,
datalnput = genData 3,
directionUpper = FALSE,

intersectionTest="Simes")

H
H
H
H
H
H
H
H
H
H

PROGRESS] Stage results calculated [0.018 secs]

PROGRESS] Closed test calculated [0.008 secs]

PROGRESS] Conditional power calculated [0.016 secs]

PROGRESS] Conditional rejection probabilities (CRP) calculated [0.002 secs]
PROGRESS
PROGRESS
PROGRESS] Repeated confidence intervals for stage 3 calculated [0.467 secs]
PROGRESS] Repeated p-values for stage 1 calculated [0.7046 secs]
PROGRESS] Repeated p-values for stage 2 calculated [0.7456 secs]
PROGRESS] Repeated p-values for stage 3 calculated [0.352 secs]

Repeated confidence intervals for stage 1 calculated [0.8906 secs]

Repeated confidence intervals for stage 2 calculated [0.8746 secs]

—_ = /= /= ™ ™ — —

]
]
]
]
]
]
]
]
]
]

summary (results_3)

## Multi-arm analysis results for a binary endpoint (2 active arms vs. control)
Hit

## Sequential analysis with 3 looks (inverse normal combination test design).
## The results were calculated using a multi-arm test for rates (one-sided),

## Simes intersection test, normal approximation test.

## HO: pi(i) - pi(control) = 0 against H1: pi(i) - pi(control) < 0.

Hit

## Stage 1 2 3

## Fixed weight 0.577 0.577 0.577
## Efficacy boundary (z-value scale) 3.710 2.511 1.993
## Futility boundary (z-value scale) 0.149 0.414

## Cumulative alpha spent 0.0001 0.0060 0.0250
## Stage level 0.0001 0.0060 0.0231
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## Cumulative effect size (1)

## Cumulative effect size (2)

## Cumulative treatment rate (1)

## Cumulative treatment rate (2)

## Cumulative control rate

## Stage-wise test statistic (1)

## Stage-wise test statistic (2)

## Stage-wise p-value (1)

## Stage-wise p-value (2)

## Adjusted stage-wise p-value (1, 2)
## Adjusted stage-wise p-value (1)

## Adjusted stage-wise p-value (2)

## Overall adjusted test statistic (1, 2)
## Overall adjusted test statistic (1)

## Overall adjusted test statistic (2)

## Test action: reject (1)

## Test action: reject (2)

## Conditional rejection probability (1)
## Conditional rejection probability (2)
## 95% repeated confidence interval (1)
## 95% repeated confidence interval (2)
0.099; -0.013]

## Repeated p-value (1)

## Repeated p-value (2)

Hit

## Legend:

-0.076
-0.052

0.026

0.051

0.103

-2.730

-1.716

0.0032

0.0431

0.0063

0.0032

0.0431

2.493

2.730

1.716

FALSE
FALSE
0.2907

0.1204
[-0.212; 0.043 ]
[-0.191; 0.079 ]

0.1150
0.2429

## (i) results of treatment arm i vs. control arm

##  (,], ...): comparison of treatment arms 'i, j, ...' vs. control arm

-0.064
-0.052

0.036

0.048

0.100

-1.770

-1.770

0.0384
0.0384
0.0384
0.0384
0.0384

3.014

3.182

2.464

TRUE
FALSE
0.7911

0.5133
[-0.130; -0.005]
[-0.119; 0.011 ]

0.0086
0.0274

-0.055

0.045
0.100

-2.149

0.0158
0.0158

0.0158
3.702

3.253
TRUE
TRUE

[_

0.0006

T2 TUE BADOIREREDS T TR

QAT =V THE LR > TNDT, 2% HODIBK

HEDR R L OB — ORI E 72134 0 IR U p EORMRIY 22 HHE 5 2 ERE & (Overall
adjusted test statistic (1,2)) . F 7213 Test action: reject Q)X HIES T HZ &b, 2FHOD
IRREE D R AT — U CRBBRE L D BN TV D EE X b, BRI LT & fEaafiT

HTENTED,
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M0 K LAEHEX ] (repeated confidence interval) Z7~d Z &2 K o THHTOHTLT 5
SEMTED, BROEREOMNL, A7 —VRIETH LB, $EAT—VITH-
TN ED X ST R AN AR TEX b,

plot(results_3, type=2)

Repeated Confidence Intervals

1 vs control
=+ 2 vs control

0.0

3 -——— ——— -t ——— ———

RCI

0.1 I

-0.2

Stage

3.6.2 Bowden and Glimm (2008)IZ & % UMVCUE & 248X

Bowden and Glimm (2008)2U R ZE L7 2 A7 — VT WA 2815 UMVCUE IZBH L
T, HEEMED /A 7 A, MSE ) O UMVCUE OfEEX MO EMHERZ FH T 5 IPMA & A
I 7 F—AD A N=PMER LT SAS ¥ 7 v &5 T 5D, ZD~ 71X SAS 9.4,
SAS/STAT 14.3 O FCTIERE & Tz, £ 1TIZSAS~7 D ANBIHERT, ZDO~7 aid,
& C IR LTV D,

# 17 UMVCUE OMEREZ G35 SAS ~ 7 1 d A 1514k

515 B!

k WBIEREOH, OS5I ATT58E, mul,m2, ... THET S
BEOEORKE E —HIELHIVLENHD B 5HEOT I =
L—yaraZi1o9%46. k=5 L, mul,...,. muS ZED D),

mul, m2, ... FARRIEZ BT DI RROFAE, 10 #F £ TaE Al hE.
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513 GLE!

comsig Vial—varTr—XOERERE ATV 1 LR T—Y
2% L CaIpREECIbE LT 5,

nsubl AT =T | DFIRFREDOY TP A X, BIREEE O 7L
HA XTI LT 5,

nsub2 AT =2 OIRIEED Y T NH A X

scenario £y Ial—grTHWA T ATk T 28EDEF =,

sim VIal—va U TORBE, 77 4 /0 ME 100000,

sim2 ETOmu %0 & LEBEADY I 2L — g TORBREK,

UMVCUE OfE XM 2 #HEE T 5 7= DIZFH 2. UMVCUE ©
DD KMEZ RO D T2 DIZRET D, T 7 4V M 50000,

HBET LT RARA » MIIEHSMICWED Z & 20E Lz, SIREREOIEERZ T
comsig TRREL, A7 —V 1 LURARAT—V 22l L CRpFEETHmEE Lz, £72, F1
AT =V OFRIGFEHOIEFIEITETORTIE L T2, “BRETFA 13, 27—V 11
BT D kEOWRIRFEDON, 1 FEBICREVPEHEZFFOIRRELZH 2 AT —VICED 5 2

L ERBET D,

AKv 7 TlE, A7 =Y LIZBWTIFRICKEVEEE L FFOIRERE D UMVCUE K&
O'MLE @ bias (b(ugy)) XO'MSE (MSE(ugy) ZELFORICHESEHET 5,

buay) = T Elugy — i | Xay = Xi|P(Xgy = X))
MSE(u@) = Y E[(ue — #)* | Xy = X:|PXey = X))

Yz b—ya VEEERS AN A, R I8 DMRET —FE v b
Bias mse sX K& X Coverage sX (X 1I5ETHIET % scenario DFES) ITH 135, AT
A, MLE N OMEREXH OB ERIT, [FRICREWIBEIFICHT LT, 1,2, . kFADIE

W Esn s,
# 18 UMVCUE OMREZ #Hl 32 SAS v 7 m D)
F—Ht vk A B
J i l k EOIRFEREOWN [ 7 H D UMVCUE, &3
kKITOATHFR—2 a3 VIREET D,
Bias_mse sX b_umvcue UMVCUE O/3A 7 A
Bias_mse sX b_mle MLE O/ A T A
Bias mse sX mse_umvcue UMVCUE @ MLE
Bias mse sX mse_mle MLE @ MLE
Coverage sX PERCENT UMVCUE DAE FE X [#] DO # B e =2
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11 Bowden and Glimm (2008)D[X] 3 (£7) Z#HM L 7=K (L UMVCUE, AfE
MLE) & [¥ 12 1%, Bowden and Glimm (2008)2D[X 3 (f) L5 2@ LK TH 5,
11, S ODOWEREENRSH 0 | 3 FHOTFEOMREICE S py OB ZFifiEs | X 12
IHEBEXEICHEREE 72y FLTWD,

Figure 3 (right) in Bowden and Glimm (2008)

10
0.8 -
T 06
w
w
=
04
02 --e-
o
.
1 2 3 4 5
mu(j), j=1,..5
Ve {0,00,00) <(002040608) c(006121824)

1 11 Bowden and Glimm (2008)D[X] 3 (f7) Z#HH L 7K (E#IEL UMVCUE, A
MLE)

Figure 5 in Bowden and Glimm (2008)

98

87 4

96 -

Coverage of 5% CI

85 +

1 2 3 4 5
mulj}, j=1....5
Ve €(0,00,00) (00.2040608) e(006121824)

[X] 12 Bowden and Glimm (2008)D[X 5 &8l L 7-[X
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fHEA 221EORERZEXIHSRI—F

rm(list = Is())
options(warn=-1)
windowsFonts(Meiryo = windowsFont("Meiryo"))

library(tidyverse)

# Define G functions

G_plus <- function(z, Cb, za) {
f z plus <- (z * abs(z) - Cb * za) / sqrt (Cb **2 - z ¥*2)
if (abs(z) < Cb) {
H_plus <- pnorm(f_z_plus)
} else if (z>=Cb) {
H plus<-1
} else {
H plus<-0
H
H_plus * dnorm(z)

GO_plus <- function(z, t, za) {
if(t!=1){
f0_plus <- sqrt(t/ (1-t)) * z - sqrt(1 / (1-t)) * za
pnorm(f0_plus) * dnorm(z)
} else {

dnorm(z)

# Table 2. overall inflation (power, Cb, alpha*, Inflation)
table2 <- function() {
alpha <- 0.05
za <- qnorm(1 - alpha/2)
for (beta in seq(0.2,0.05,-0.05)){
power <- (1 - beta) * 100

zb <- qnorm(1-beta)
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Cb<-za+zb
alpha_star <- 2 * pnorm(-Cb) + 2 * integrate(G_plus,-Cb,Cb,Cb,za)$value
inflation <- round( (alpha_star - alpha)/ alpha * 100 )

cat(power, Cb, alpha_star, inflation, "¥n")

¥
table2()

# Figure 1
figurel <- function() {
alpha <- 0.05
beta <- 0.2
za <- qnorm(1 - alpha/2)
zb <- qnorm(1-beta)
Cb<-za+zb
i<-1
z range <- seq(-2,4,0.001)
df figl <- data.frame(matrix(nrow = length(range), ncol = 5))
colnames(df_figl) <- ¢("z", "G_inf","G_0:t=1/3", "G_0:t=1/2", "G_0:t=2/3")
for (z in z_range){
G_inf<- G_plus(z, Cb, za)
G_0_13 <- GO_plus(z,1/3, za)
G_0_12 <- GO_plus(z,1/2, za)
G_0_23 <- GO_plus(z,2/3, za)
df figl[i, 1]<-z
df figl[i, 2] <- G_inf
df figl[i, 3]<-G_0_13
df figl[i, 4] <-G_0_12
df figl[i, 5]<-G_0_23
i<-i+1
}
# Convert to long-type data
df figl L <-df figl %>%
pivot_longer(c("G_inf","G_0:t=1/3", "G_0:t=1/2", "G_0:t=2/3"),
names_to ="G_function",

values to="G_plus")
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geplot(df figl L)+
geom_line(aes(x =z, y = G_plus, linetype = G_function)) +
scale linetype manual(values = c("dashed", "longdash", "dotted", "solid")) +
theme bw() +
theme(legend.position = ¢(0.15, 0.8)) +
theme(text=element text(family = "Meiryo", size=12)) +
theme(title=element_text(family = "Meiryo", size=12))
H
figurel()

#2213

alpha_diff 31 <- function() {
alpha <- 0.05
beta <- 0.15
za <- qnorm(1 - alpha/2)
zb <- qnorm(1-beta)
Cb <- gqnorm(1 - alpha/2) + qnorm(1 - beta)
i<-1
result <- data.frame(matrix(nrow = 15, ncol = 3))
colnames(result) <- ¢("t", "r","alpha_diff")
for (t in c(1/3, 1/2, 2/3)){
for (rin ¢(1.5, 2.0, 3.0, 4.0, 5.0)){

t L<-t

t U<-tr;

z L<-Cb *sqrt(t_ L)

z U <-Cb * sqrt(t_U);

alpha star 31 <-2 * (integrate(G_plus, -z L, -z U, Cb, za)$value +
integrate(G_plus, z U, z_L, Cb, za)$value + integrate(GO_plus, -z U, z U, t/r, za)$value +
integrate(GO_plus, -Inf, -z_L, t, za)$value + integrate(GO_plus, z L, Inf, t, za)$value )

alpha0 31 <- 2 * integrate(GO_plus, -Inf, Inf, t, za)$value

alpha diff 31 <- alpha star 31 - alpha0 31

result[i, 1] <- round(t, digits = 3)

result[i, 2] <-r

result[i, 3] <- round(alpha_diff 31, digits =5)

i<-i+1
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}

result

H
alpha_diff 31()

#22.13.1

alpha_diff 32 <- function(t,x) {

alpha <- 0.05

beta <- 0.15

za <- qnorm(1 - alpha/2)

zb <- qnorm(1-beta)

Cb<-za+zb

i<-1

result <- data.frame(matrix(nrow = length(x), ncol = 3))

colnames(result) <- ¢("t", "r","alpha_diff")

for (r in as.list(x)){
#t L<-nl/n L;t U<-nl/n U;
tL<-tt U<-t/r;

z L<-Cb *sqrt(t_L); z U<-Cb * sqrt(t_U);

alpha_diff <- 2 * (integrate(G_plus, z U, z L, Cb, za)$value - integrate(GO_plus, z_U, z_L, t, za)$value +
integrate(G_plus, -z_L, -z_U, Cb, za)$value - integrate(GO_plus, -z_L, -z_U, t, za)$value)
result[i, 1] <- round(t, digits = 3)
result[i, 2] <-r
result[i, 3] <- round(alpha_diff, digits = 5)
i<-i+1
¥
result
¥
alpha_diff 32(1/3, ¢(1.5, 2.0, 3.0, 4.0, 5.0))
alpha_diff 32(1/2, ¢(1.5, 2.0, 3.0, 4.0, 8.0, 9.0))
alpha_diff 32(2/3, ¢(1.5, 2.0, 3.0, 4.0, 5.0, 11, 12))

#22132

alpha_diff 33 <- function(tseq) {
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alpha <- 0.05
beta <- 0.15
za <- qnorm(1 - alpha/2)
zb <- qnorm(1-beta)
Cb<-za+zb
i<-1
result <- data.frame(matrix(nrow = 5, ncol = 2))
colnames(result) <- ¢("t", "alpha_diff")
for (t in as.list(tseq)){
t L<-1
t U<-t
z L<-Cb *sqrt(t L)
z U <-Cb * sqrt(t_U)
alpha_star <- 2 * (integrate(G_plus, -z_L, -z_U, Cb, za)$value + integrate(GO_plus, -z_U, z_U, t, za)$value +
integrate(G_plus, z U, z_L, Cb, za)$value + integrate(dnorm, z_L, Inf)$value)
alpha0 <- 2 * integrate(GO_plus, -Inf, Inf, t, za)$value
alpha_diff <- alpha_star - alpha0
result[i, 1] <- round(t, digits = 3)
result[i, 2] <- round(alpha_diff, digits = 5)
i<-i+1
§

result

}
alpha_diff 33(c(1/4, 1/3, 1/2, 2/3, 3/4))

#22133

alpha_diff 34 <- function(tseq) {
alpha <- 0.05
beta <- 0.15
za <- qnorm(1 - alpha/2)
zb <- qnorm(1-beta)
Cb<-za+zb
i<-1
result <- data.frame(matrix(nrow = 5, ncol = 2))
colnames(result) <- ¢("t", "alpha_diff")

for (t in as.list(tseq)){
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t U<-t
z L<-Cb
z U <-Cb * sqrt(t_U)
if (za<z U) {
alpha_star <- 2 * (integrate(G_plus, -z_L, -z_U, Cb, za)$value + integrate(dnorm, za, z_U)$value +
integrate(G_plus, z U, z_L, Cb, za)$value + integrate(dnorm, z_L, Inf)$value)
}
else {
alpha_star <- 2 * (integrate(G_plus, -z_L, -z_U, Cb, za)$value +
integrate(G_plus, z U, z_L, Cb, za)$value + integrate(dnorm, z_L, Inf)$value)
}
alpha0 <- 2 * integrate(GO_plus, -Inf, Inf, t, za)$value
alpha_diff <- alpha_star - alpha0
result[i, 1] <- round(t, digits = 3)
result[i, 2] <- round(alpha_diff, digits = 5)
i<-i+1
¥

result

}
alpha_diff 34(c(1/4, 1/3, 1/2,2/3, 3/4))

#22.13.4

alpha_diff 36 <- function(beta_min,t,x) {
alpha <- 0.05
beta <- 0.15
za <- qnorm(1 - alpha/2)
zb <- qnorm(1-beta)
Cb<-za+zb
i<-1
result <- data.frame(matrix(nrow = length(x), ncol = 3))
colnames(result) <- ¢("t", "r",paste0(" 1-Bmin=",(1-beta_min)*100,"%"))
for (r in as.list(x)){
zb_min <- gnorm(1-beta_min)
Cb_min <- za + zb_min
z L <- Cb * sqrt(t)
z U <- Cb * sqrt(t/r)
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z_min <- Cb_min * sqrt(t/r)
alpha_star <- 2 * (integrate(G_plus,-z_L,-z_U, Cb, za)$value + integrate(G_plus, z U, z L, Cb, za)$value +
integrate(GO_plus, -z_U, -z_min, t/r, za)$value + integrate(GO_plus, z_min, z_U, t/r, za)$value +
integrate(GO_plus, -Inf, -z_L, t, za)$value + integrate(GO_plus, -z_min, z_min, t, za)$value +
integrate(GO_plus, z L, Inf, t, za)$value )
alpha0 <- 2 * integrate(GO_plus, -Inf, Inf, t, za)$value # (18)
alpha_diff <- alpha_star - alpha0
result[i, 1] <- round(t, digits = 3)
result[i, 2] <-r
result[i, 3] <- round(alpha_diff, digits = 5)
i<-i+1
H
result
H
alpha_diff 36(0.25, 1/3, ¢(1.5, 2.0, 3.0, 4.0))
alpha_diff 36(0.25, 1/2, ¢(1.5, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0))
alpha_diff 36(0.25, 2/3, ¢(1.5, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0))
alpha_diff 36(0.35, 1/3, ¢(1.5, 2.0, 3.0, 4.0))
alpha_diff 36(0.35, 1/2, ¢(1.5, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0))
alpha_diff 36(0.35, 2/3, ¢(1.5, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0))
alpha_diff 36(0.5, 1/3, ¢(1.5, 2.0, 3.0, 4.0))
alpha_diff 36(0.5, 1/2, ¢(1.5, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0))
alpha_diff 36(0.5, 2/3, ¢(1.5, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0))
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#EB 33IENYIalL—Y3rvEEFTTHSASTHO

libname out "C:¥xxx" ; * FATHEREZRIFT D 7 4 V4,

%macro sim(ngroup, n, ratio, seed, iteration) ;
data dsl ;
call streaminit(&seed) ;
do rep = 1 to &iteration ;
doi=1to&n;

%if &ngroup = 2 %then %do ;
x1 =rand('normal’, 0, 1) ;
x2 =rand('normal’, 0, 1) ;

%end ;

%if &ngroup = 3 %then %do ;
x1 =rand('normal’, 0, 1) ;
x2 =rand('normal’, 0, 1) ;
x3 =rand('normal’, 0, 1) ;

%end ;

%if &ngroup = 5 %then %do ;
x1 =rand('normal’, 0, 1) ;
x2 =rand('normal’, 0, 1) ;
x3 =rand('normal’, 0, 1) ;
x4 =rand('normal’, 0, 1) ;

x5 =rand('normal’, 0, 1) ;

%end ;
y =rand('normal’, 0, 1) ;
output ;
end ;
end ;
run ;

proc summary data = ds1 noprint ;
where 1 <= &n * &ratio ;
by rep ;

%if &ngroup =2 %then %do ;

varx1 x2 ;
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%end ;

%if &ngroup = 3 %then %do ;
varx1 x2 x3 ;

%end ;

%if &ngroup =5 %then %do ;
var x1 x2 x3 x4 x5 ;

%end ;
output out = interim ;

run ;

data interim ;
set interim ;
where STAT ="MEAN";
%if &ngroup = 2 %then %do ;
if max(x1, x2) = x1 then select ="x1";
else if max(x1, x2) = x2 then select = "x2" ;
%end ;
%if &ngroup = 3 %then %do ;
if max(x1, x2 , x3) = x1 then select = "x1" ;
else if max(x1, x2, x3) = x2 then select = "x2" ;
else if max(x1, x2, x3) = x3 then select = "x3" ;
%end ;
%if &ngroup =5 %then %do ;
if max(x1, x2 , x3, x4, x5) = x1 then select ="x1";
else if max(x1, x2, x3, x4, x5) = x2 then select = "x2" ;
else if max(x1, x2, x3, x4, x5) = x3 then select = "x3" ;
else if max(x1, x2, x3, x4, x5) = x4 then select = "x4" ;
else if max(x1, x2, x3, x4, x5) = x5 then select = "x5" ;
%end ;

run ;

data ds2 ;
merge dsl interim ;
by rep ;
%if &ngroup = 2 %then %do ;

if select = "x1" then x = x1 ;
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else if select = "x2" then x =x2 ;
%end ;
%if &ngroup = 3 %then %do ;
if select = "x1" then x = x1 ;
else if select = "x2" then x =x2 ;
else if select = "x3" then x =x3 ;
%end ;
%if &ngroup =5 %then %do ;
if select = "x1" then x = x1 ;
else if select = "x2" then x =x2 ;
else if select = "x3" then x =x3 ;
else if select = "x4" then x = x4 ;
else if select = "x5" then x = x5 ;
%end ;

run ;

proc summary data = ds2 noprint ;
by rep;
varxy;
output out = final ;

run ;

data final ;
set final ;
where STAT ="MEAN";
lower = (x - y) - probit(1 - 0.025) * sqrt(2/&n) ;
upper = (x - y) + probit(1 - 0.025) * sqrt(2/&n) ;
if lower > 0 then sig="Y" ;

else sig="N";

if lower < 0 and 0 < upper then coverage flg="Y";

else coverage flg="N";

run ;

* Type I error ;
proc freq data = final ;

table sig ;

121




ods output OneWayFreqs = error ;

run ;

data error ;
set error ;
where sig="Y";
error = Percent ;
keep error ;

run ;

* Coverage probability
proc freq data = final ;
table coverage flg ;
ods output OneWayFreqs = coverage ;

run ;

data coverage ;
set coverage ;
where coverage flg="Y";
coverage = Percent ;
keep coverage ;

run ;

* Bias at interim analysis ;
proc summary data = ds2 noprint ;
where i <= &n * &ratio ;
by rep;
varx ;
output out = interim_mean mean = interim_mean ;

run ;

proc summary data = interim_mean noprint ;
var interim_mean ;
output out = bias_interim mean = bias_interim ;

run ;
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data bias_interim ;
set bias_interim ;
keep bias_interim ;

run ;

* Bias at final analysis ;
proc summary data = ds2 noprint ;
by rep;
varx ;
output out = final mean mean = final mean ;

run ;

proc summary data = final mean noprint ;
var final_mean ;
output out = bias_final mean = bias_final ;

run ;

data bias_final ;
set bias_final ;
keep bias_final ;

run ;

data result ;
merge error coverage bias_interim bias_final ;
ngroup = &ngroup ;
n=&n;
ratio = &ratio ;
seed = &seed ;
iteration = &iteration ;

run ;

data out.result ;
set out.result result ;
run ;

%mend ;
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data out.result ;

stop ;
run;
%sim(2, 100, 0.25, 1, 100000) ;
%sim(2, 100, 0.5, 2, 100000) ;
%sim(2, 100, 0.75, 3, 100000) ;
%sim(3, 100, 0.25, 4, 100000) ;
%sim(3, 100, 0.5, 5, 100000) ;
%sim(3, 100, 0.75, 6, 100000) ;
%sim(5, 100, 0.25, 7, 100000) ;
%sim(5, 100, 0.5, 8, 100000) ;
%sim(5, 100, 0.75, 9, 100000) ;
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##& C 3.6.2 1M Bowden and Glimm (2008)IZ & % UMVCUE &

EBEREANDYI2L—23aVFRTISSASI—F

/*

Conditionally unbiased estimation in the normal setting with known variances, Bowden and Glimm (2008)

Assumption for this macro:
- Treatment selection is based on mean of treatment effect.
- Variance for data is common among treatments and both stagel and stage 2.

- Sample size across treatment group is common.

Included macros:
%run_all: Macro to run all major macro (%makedata, %biasmse, Y%coverci)

Need to define following variables.

k: number of treatments. k SHOULD be equal to max of number of mu

mul,...muk: true treatment effect "mu" for each treatment up to k=10. If you want more than 10 treatments,
please add macro viables (e.g, mull=, mul2=, ...) in %run_all

comsig: common SD of data among treatments and both stagel and stage 2

nsubl: N /arm for stage 1, assuming same sample size across arms. If not, then set maximum sample size and
delete unnecessary sample size by modifing %makedata;

nsub2: N /arm for stage 2

scenario: to use unique number of scenario in each simulation setting

Major macro:

%makedata: to make simulation data based on both given true treatment effect (mul,...,muk) and null treatment
effect (all mu = 0) in order to estimate maximal variance for confidence interval

%pbiasmse: to calculate bias and mse for all ranked treatment (1st, 2nd,...kth)

%coverci: to calculate coverage proability of confidence interval for all ranked treatment (1st, 2nd,...kth)

Nested macro:

Y%estimate_l: to estimate UMVCUE given Ith rank treament of mean

% _biasmse: to calculate bias and mse for Ith rank treament

Y%umvci: to calculate coverage proability of confidence interval for Ith rank treament

*/
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/* x for stage 1 data, y for stage 2 data */
%macro makedata;
/*data for UMVCUE*/
data data01;
call streaminit(20200120);
do i=1 to &sim.;
%do trt =1 %to &k.;
trt=&trt;
mu_true = &&mudtrt;
do subl =1 to &nsubl ;
x=RAND('NORMAL') * &comsig. + &&muétrt;

output;
end;
%end;
end;
run;
data data02;

call streaminit(9987633);
do i=1 to &sim.;
%do trt = 1 %to &k.;
trt=&ctrt;
mu_true = &&mudtrt;
do subl =1 to &nsub2.;
y=RAND('NORMAL') * &comsig. + &&muétrt;

output;
end;
%end;
end;
run;

/* data for confidence interval of UMVCUE */
data data03;
call streaminit(8457940);

do i=1 to &sim2.;
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%do trt =1 %to &k.;
trt=&ctrt;
mu_true = 0;
do subl =1 to &nsubl ;
x=RAND('NORMAL') * &comsig. + 0;

output;
end;
%end;
end;
run;
data data04;

call streaminit(117083);
do i=1 to &sim2.;
%do trt =1 %to &k.;
trt=&ctrt;
mu_true = 0;
do subl =1 to &nsub2.;
y=RAND('NORMAL') * &comsig. + 0;

output;
end;
%end;
end;
run;
%mend;

%macro estimate_1(1=); * Ith highest rank is your interest ;
/*calculate mean of X, mean of Y*/
proc univariate data=tmp01 noprint;

var Xx;

by i trt;

output out=stat01 n=n_x mean=mean_Xx;

run;

proc univariate data=tmp02 noprint;

vary;
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by i trt mu_true;
output out=stat03 n=n_y mean=mean y;

run;

proc rank data=stat01 out=tmp11 DESCENDING;
var mean_x;
ranks mean_xs;
by i;

run;

data tmp12;
merge tmp11 stat03;
by i trt;

run;

data tmp13;
set tmp12(where=(mean_xs = &1.)) ;
Zl=n x* mean x +n_y * mean_y;

run;

/*need to search W1,1+1. WLI-1, which requires the divided cases*/
%macro rgserch();
%if &l. = &k. %then %do;
data tmp14;
set tmp12;
if mean_xs = %eval(&l. - 1);
keep i mean_x;
rename mean_x=mean_x_ml;

run;

data wl;
merge tmp13 tmp14;
by i;
wlpl =99999999; * infinity ;
wlml =sqrt(n_x * (n_x +n_y)/n_y)/ &comsig. *(Z1/ (n_x +n_y) - mean_x_ml);

keep i wlpl wim1;
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run;

%end;

%else %if &1. = 1 %then %do;
data tmp14;
set tmp12;
if mean_xs = %eval(&l. + 1);
keep i mean_x;
rename mean_x=mean_x_pl;

run;

data wl,
merge tmp13 tmpl4;
by i;
wlpl =sqrt(n_x * (n_x +n_y)/n_y)/ &comsig. ¥*(Z1/ (n_x +n_y) - mean_x_pl);
wlm1 = -99999999; * -infinity ;
keep i wlpl wim1;
run;

%end;

%else %do;
data tmp14;
set tmp12;
if mean_xs = %eval(&I. - 1);
keep i mean_x;
rename mean_x=mean_x_ml;

run;

data tmp14_;
set tmp12;
if mean_xs = %eval(&l. + 1);
keep i mean_x;
rename mean_x=mean_x_pl;

run;

data wl;
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merge tmp13 tmpl4 tmpl4_;
by i;
wlpl =sqrt(n_x * (n_x +n_y)/n_y)/ &comsig. ¥*(Z1/ (n_x +n_y) - mean_x_pl);
wlml =sqrt(n_x * (n_x +n_y)/n_y)/ &comsig. *(Z1/ (n_x +n_y) - mean_x_ml);
keep i wlpl wim1;

run;

%end;

%mend;

Y%rgserch();

data tmp21;

merge tmp13 wl;

by i;

1=&l.;

mle =Zl/(n x+n_y);

umvcue = Zl/(n_x +n_y) - sqrt(n_x/(n_y * (n_x +n_y))) * &comsig. * (PDF(NORMAL', wip1) -
PDF('NORMAL', wim1)) / (CDF('NORMAL', wip1) - CDF('NORMAL', wim1));

b_mle =mle - mu_true;

b_umvcue = umvcue - mu_true;

mse_mle = (mle - mu_true)**2;

mse_umvcue = (umvcue - mu_true)**2;

run;

proc sort data=tmp21 out=tmp22;
by trt;
run;

%mend;

%macro _biasmse(It=);
data tmp01; set data01; run;
data tmp02; set data02; run;

Y%estimate_1(1=&lt.);

%macro _calc(param=);
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/*Calculate expectation(mu_I - mu)*/
proc univariate data=tmp22 noprint;
var &param.;
by trt;
output out=stat0S n=n mean=mean;

run;

data tmp23;
set stat05;
e p=mean * n/ &sim.;

run;

proc univariate data=tmp23 noprint;

var e_p;

output out=stat &param. sum=&param. ;
run;

%mend;

%_calc(param=b_mle);
%_calc(param=b_umvcue);
%_calc(param=mse_mle);

%_calc(param=mse_umvcue);

data tmp31_&lt.;
attrib  ALL_label="";
merge stat_:;
1=&lt.;

run;

%mend;
%macro _umvci(lt=);
data tmp01; set data03; run;

data tmp02; set data04; run;

Y%estimate_1(1=&lt.);
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proc univariate data=tmp22 noprint;

var umvcue;

output out=_mean_umv n=n mean=mean;

run;
data mean umv_&lt.;
attrib  ALL_label="";
set _mean_umv;,
1=&lt.;

run;

proc univariate data=tmp22 noprint;
var umvcue;
output out=_sd_umvO0 std=sd_umv;

run;

data sd umv0_&lt.;
attrib  ALL_label="";
set _sd umvO0;
1=&lt.;
v=sd_umv**2;

run;

data tmp01; set data01; run;

data tmp02; set data02; run;

Y%estimate_1(1=&lt.);

data tmp41;
merge tmp21 sd_umv0_&lt.;
by 1

ci_l =umvcue - sd_umv * quantile((NORMAL', .975);
ci_u=umvcue + sd_umv * quantile((NORMAL', .975);

if ci 1 <=mu_true <= ci_u then cover=1;

else cover=2;

run;

proc freq data=tmp41 noprint;
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tables cover/ out =freq01_&lt.;

run;

data _coverage &lt.;
set freq01_&lt.;
if cover=1;
1=&lt.;

run;

%mend;

%macro biasmse;
%do trt=1 %to &k.;
% _biasmse(It=&trt.);

%end;

data bias_mse;
set tmp31 :;
%do i=1 %to &k.;
mu&i = &&mu&i;
%end;
comsig=&comsig.;
nsubl=&nsubl.;
nsub2=&nsub2.;
run;

%mend;

%macro coverci;
%do trt=1 %to &k.;
% _umvci(lt=&trt.);

%end;

data _coverage;
set _coverage :;
%do i=1 %to &k.;
mu&i = &&mu&i;

%end;
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comsig=&comsig.;

nsubl=&nsubl.;

nsub2=&nsub2.;

drop cover count;

label percent =;
run;

%mend;

%macro run_all(k=, mul=, mu2=, mu3=, mu4=, mu5=, mu6=, mu7=, mu8=, mu9=, mul0=, comsig=, nsubl=,

nsub2=, scenario=, sim=100000, sim2=50000);

%makedata;

%biasmse;

data bias_ mse_s&scenario.;

set _bias_mse;

scenario=&scenario.;

run;

%coverci;

data coverage s&scenario.;

set _coverage;

scenario=&scenario.;

run;

%mend;

KIEDX 11, 12 ZERK S B FEATC

/*

Conditionally unbiased estimation in the normal setting with known variances
Bowden and Glimm 2008

*/

/*Make sure to run "UMVCUE_Bowden2008_macro.sas" before running this program*/
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/*For running macro, you can use below */
/*%run_all(k=,mul=mu2=mu3=mud=muS=mu6=mu7=mu8=mud=mul0=, comsig=,

nsubl=,nsub2=,scenario=);*/

/*
Ilustration of runnig simulation program for Bowden and Glimm (2008)

*/

/*Figure 1(left)

Situateion:

two-stage trial involving three candidate treatments

(mul, mu2, mu3) = (0, 1/2, 0)

variane of estimate are sigmal”2 = 1/n1 for 1st stage, sigma2”2 = 1/n2 for 2nd stage => common variance =1
nl +n2 =10

Information at interim, I = (1/sigmal”2)/(1/sigmal”2 + 1/sigma2”2) = nl/(nl+n2)

Figure 1 (left) shows Monte-Carlo estimates for the MSE as I is varied between 0 and 1

*/

proc datasets lib=work memtype=data kill nolist;

quit;

%run_all(k=3,mul=0,mu2=0.5,mu3=0, comsig=1, nsubl=1,nsub2=9,scenario=1);
Y%run_all(k=3,mul=0,mu2=0.5,mu3=0, comsig=1, nsub1=2,nsub2=8,scenario=2);
Y%run_all(k=3,mul=0,mu2=0.5,mu3=0, comsig=1, nsub1=3,nsub2=7,scenario=3);
Y%run_all(k=3,mul=0,mu2=0.5,mu3=0, comsig=1, nsubl=4,nsub2=6,scenario=4);
%run_all(k=3,mul=0,mu2=0.5,mu3=0, comsig=1, nsub1=5,nsub2=5,scenario=5);
%run_all(k=3,mul=0,mu2=0.5,mu3=0, comsig=1, nsub1=6,nsub2=4,scenario=6);
Y%run_all(k=3,mul=0,mu2=0.5,mu3=0, comsig=1, nsub1=7,nsub2=3,scenario=7);
Y%run_all(k=3,mul=0,mu2=0.5,mu3=0, comsig=1, nsub1=8,nsub2=2 scenario=8);

Y%run_all(k=3,mul=0,mu2=0.5,mu3=0, comsig=1, nsub1=9,nsub2=1,scenario=9);

data tmp53;
set bias_mse_s:;
vec = "c("|[trim(left(mu_1))||","|[trim(left(mu_2))||","|[trim(left(mu_3))||")";
if1=1;
info=nsub1/(nsubl + nsub2);

run;
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title 'Figure 1 (left) in Bowden and Glimm (2008)';
proc sgplot data=tmp53 ;
series x=info y=mse umvcue /;
scatter x=info y=mse_umvcue / legendlabel= "UMVCUE";
series x=info y=mse mle /;
scatter x=info y=mse_mle / legendlabel ="MLE" markerattrs=(symbol=square);
keylegend /EXCLUDE=("mse _umvcue" "mse_mle");

run;

/*Figure 3, 5

Situation:

A trial with k =5 treatments

Consider several sets of (mul, mu2, mu3, mu4, mu5)

Each stage 1 treatment mean is given an underlying variance of 1/2, stage 2 statistic with a variance of 1
Information at interim, I = (1/sigmal”2)/(1/sigmal”2 + 1/sigma2”2) = 2/3

Based on above situation, this simulation is done with common SD =5, n1= 50, n2=25

*/

proc datasets lib=work memtype=data kill nolist;

quit;

%run_all(k=5, mul=0, mu2=0.2, mu3=0.4, mu4=0.6, mu5=0.8, comsig=5, nsub1=50, nsub2=25, scenario=1);
%run_all(k=5, mul=0, mu2=0.6, mu3=1.2, mu4=1.8, mu5=2.4, comsig=5, nsub1=50, nsub2=25, scenario=2);

%run_all(k=5, mul=0, mu2=0, mu3=0, mu4=0, muS=0, comsig=5, nsub1=50, nsub2=25, scenario=3);

data tmp51;
set bias_mse_s:;
vec = "c("|[trim(left(mul))||"," trim(left(mu2))||","|[trim(left(mu3))||","|[trim(left(mu4))||","|[trim(left(mu5))||")";

run;

title 'Figure 3 (right) in Bowden and Glimm (2008)';
proc sgplot data=tmp51;
series x=1 y=mse_umvcue / group=vec GROUPORDER=ASCENDING ;
scatter x=1 y=mse_umvcue / group=vec GROUPORDER=ASCENDING;
series x=1 y=mse_mle / group=vec GROUPORDER=ASCENDING LINEATTRS=(pattern=2) ;
scatter x=1 y=mse_mle / group=vec GROUPORDER=ASCENDING;
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xaxis label='mu(j), j=1,..,5';
yaxis min=0.15 max=1.0 label="MSEsel";

run;

data tmp52;
set coverage_S:;
vec = "c("|[trim(left(mul))||","|[trim(left(mu2))||"," |[trim(left(mu3))||","|[trim(left(mu4))||","|[trim(left(muS5))||")";

run;

title 'Figure 5 in Bowden and Glimm (2008)';

proc sgplot data=tmp52;
series x=1 y=percent / group=vec GROUPORDER=ASCENDING ;
scatter x=1 y=percent / group=vec GROUPORDER=ASCENDING;
xaxis label='mu(j), j=1,..,5';
refline 95/ axis=Y LINEATTRS=(pattern=2) ;
yaxis min=94.5 max=98 label="Coverage of 95% CI";

run;
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