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Adaptive seamless designs
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¢ Stage 1 —»4— Stage 2 =l
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Seamless designs
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Combination tests in
adaptive seamless
designs



2R T—MIZE D Combination test

Phase | i Phase I

<+ Stage 1 —»4— Stage 2 =—p

MR ﬁiﬁfﬁﬁ
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- Py : Stage k Mo FoN S HEIpIE

® Fisher’s (product) combination test

. ® (Weighted) inverse normal combination test




IFisher’s combination test

<4 Stage 1 —»4— Stage 2 =y

P

® pk ~U(O11)
® p, I HiI

1
—log p ~ Exp (1) =§z§ » —log( p,p,) ~ %zﬁ

P A Fﬁﬁﬁ*ﬁ

1
. —log(p,p,) > E Zj,l—a

C(p,P,)=p,-P,<C= exp(_Zil—a /2)

Bauer (1989); Bauer & Kdhne (1994)

5



Inverse normal combination test

<4 Stage 1 —»4— Stage 2 =

Py I::IFEﬁ: 2T P2

C(pw pz) :1_CD(W1 '(D_l(l_ pl) + W, 'q)_l(l_ pz))
- WHW =1, O<w, <1
W, = \/nl/(nl +Nny), W,= \/nZ/(nl +0,)
- W,: Stage k [TXI T DEH (SBHIRTE)
- n :Stage k [(2HITH BT ILHY A X (FRIFRE)
- o) RBREERSTORES HEM

Lehmacher & Wassmer (1999); Cui, Hung, Wang (1999)



fRE{REE H T TAD Combination test D& X

C(p,p,)<cC
otherwise

b el 1
w 0!1+L1IOI{C(><, y) < cidydx = o I{-}{O

Brannath, Posch, Bauer (2002)

|
!':
B L Acceptance

region

®p - U(0,1)
® Py :ir
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‘Conditional error function principle

® Conditional error function:
- A(p,) = P(reject H|p,)

® For combination tests

-

1 P, < ¢ =k 1==01d
A( pl) h 52[%)1(]{)( |C( p1’ X) < C} a, < p1 < 181 : Stage 2 A~ R
0 P, > B, ok
_ Posch & Bauer (1999)
~- ETREENT . P, <A(p) reject H
Stage 2 Nt L= E
( c/p, . Fisher’s combination test

A(p,) =<1_®£®1(1—c)—w1®1(1— p.)
W2

j - Inverse normal combination test



Multiple testing
procedures in adapftive
seamliess designs




Fisher’s combination test [2&AZ EMH DR

G ST1AQE ] ey G STA(J € 2

H, Vs.

Py

Accept H,, reject H,
P, V Wl

Hy

AN
.

H, H, vs. H,
o <. P <p 3
“the stage 2 i
C(pw C)2) = PP,
C(p,P,)>c— C(p, pa)<C ;
H . Accept H, HO H R reject H,,

{p<a}ol{a <p <Bin{pp, <ctl=c
B eclpy
o, + Ll J‘O P dp,dp, = o, +c(log B, —loge,) = &

Bretz et al. (2006)
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Adaptive treatment selection designs
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® Case study S g Hr
Arm 1 > Drop
Arm 2 > Drop
Arm 3 > Arm 3 >
Control | >
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Case study: PEIEHTICETHEAF IR

'::'FHE]ﬁ:@*ﬁ
Arm 1 > h

Arm 2 > R
- — H
Arm 3 > e H, 1
s
Control > 1
s AEITDFER Huzs
mean value | p-value Han Has Hos
1 0.8 0.2135 M
2 1.5 0.0682 H, H, H,
3 2.6 0.0049

p,=0.2135 p,=0.0682 p,=0.0049
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Step 1

H{1,2,3}
H{1,2} H{1,3} H{2,3}
H, H, H,
p, =0.2135 p, =0.0682 P, =0.0049

Bonferroni test
Py = 0.0049, p.,, =0.0682, p 5 =0.2135

p{1,2} — 01364’ p{1,3} — p{2,3} — 00098’ p{1’2’3} — 00147
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Step 2

Stopping boudaries
a, =0.0054, p =0.1

c=0.0359 for

a =0.025

H{1’2’3} p{1,2,3}

=0.0147

i

Pu =0.1364 H

I_

p, =0.2135

.2}

1

Py =0.0098 H

H 2
p, = 0.0682

{13}

H . Pps =0.0098

{2,3}

I_ 3
p, = 0.0049
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Step 3

Stopping boudaries
a,=0.0054, B, =0.1, ¢=0.0359 for «=0.025

Continue to the stage 2 H{1 23y Poea = 0.0147 &, < Py ,5 < B

/\

p{1,2} =0.1364 H .3 H{2,3}

H, H, H,
p, =0.2135 p, =0.0682 p, = 0.0049
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Step 4

Stopping boudaries
a,=0.0054, B, =0.1, ¢=0.0359 for «=0.025

Continue to the stage2 H 123 Poea= 0.0147

i

Pz =0.1364 Hy 5y puy=00098 Hy o H, 5 Pea = 0.0098
b < Puo
Accept H,,
H, H, H,
p, =0.2135 p, =0.0682 p, = 0.0049
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Step 5

Stopping boudaries
a,=0.0054, B, =0.1, ¢=0.0359 for «=0.025

Continue to the stage2 H 123 Poea= 0.0147

i

Py =0.1364 Hy 5y puy=00098 Hy o H, 5 Pea = 0.0098
Accept H,,
H, H, H,
p, =0.2135 p, =0.0682 p, = 0.0049

Dr'op 17




Step 6

Stopping boudaries
=0.0054, g =

c=0.0359 for «=0.025

Continue to the

Py =0.0098 H

stage 2 {1 23y Pazy = 0.0147

/\

1.3}

p, = 0.0049

, 5 Py =0.0008
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Case study: SRIZBHTICE 1T HFAFIR

S AR AT IR
Arm 1 > E
Arm 2 >
Arm 3 > i
Control > )

G Stage 1 = G StaQ€ 2 =

R AT DFGR
- Unadjusted
mean value p-value
0 0 H,
3 1.9 0.0296 P =0.0296
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Step 7

H{1,2,3} Praog =0.0147

T T

H{1,3} H{2,3} H,
~ —
Py =0.0098 P25 = 0.0098 P, ; =0.0296
\/
H, p.;=0.0049
Stage 1 | Stage 2

|
C{p.,.p,s} Reject H;

— lnverse normal combination test

C{ Pig1.2.3 P,s<C,C{ P13 P, 5} <C,
C{P.250 P23} <C,C{P. 3 Pya}<C W, =w, =+1/2
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