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Adaptive seamless designs 

例数 

患者集団 試験群の数 

Adaptation の対象 

Seamless designs 

Stage 1 Stage 2 

Phase II Phase III 

中間解析 



Combination tests in 

adaptive seamless 

designs 
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2ステージの場合の Combination test 

Stage 1 Stage 2 

Phase II Phase III 

 Fisher’s (product) combination test 
 

 (Weighted) inverse normal combination test 

1p
2p

中間解析 

•      : Stage k から得られる片側p値 kp
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Fisher’s combination test 

Stage 1 Stage 2 

1p
2p

中間解析 
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Bauer (1989); Bauer & Köhne (1994) 
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Inverse normal combination test 
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Lehmacher & Wassmer (1999); Cui, Hung, Wang (1999) 

Stage 1 Stage 2 

1p
2p中間解析 
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–    : Stage k に対する重み (事前規定) 

–    : Stage k におけるサンプルサイズ (事前規定) 

–        : 標準正規分布の累積分布関数 
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帰無仮説 H の下での Combination test の考え方 

Brannath, Posch, Bauer (2002) 





  

1

1

1

0
1 }),({ dydxcyxCI



 


otherwise0

),(1
}{

21

　　　

　　 cppC
I

1

1

c

中間解析 
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Acceptance 

region 

Rejection region 
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Conditional error function principle 

Posch & Bauer (1999) 

Stage 2 へ継続した場合 
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　　　　　　　　　　　 : 有効中止 

: Stage 2 へ継続 

: 無効中止 
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 Conditional error function:  

–    

 For combination tests 

– 最終解析 :  reject H  )( 12 pAp 
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: Fisher’s combination test 

: Inverse normal combination test 



Multiple testing 

procedures in adaptive 

seamless designs 
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Fisher’s combination test による多重性の調整 
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Bretz et al. (2006) 
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Adaptive treatment selection designs 

有望な群のみ 中間解析 多群で実施 

Stage 1 Stage 2 

Phase II Phase III 

Arm 1 

Arm 2 

Arm 3 

Control 

 Case study  

Arm 3 

Drop 

中間解析 

Drop 
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Case study: 中間解析における閉手順 

Arm 1 

Arm 2 

Arm 3 

Control 
3H

2H
1H

i  
Observed 

mean value 

Unadjusted 

p-value 

0 0 - 

1 0.8 0.2135 

2 1.5 0.0682 

3 2.6 0.0049 

中間解析の結果 }3,2,1{H

}2,1{H }3,1{H }3,2{H

1H
2H 3H

2135.01 p 0682.02 p 0049.03 p

中間解析 
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Step 1  

}3,2,1{H

}2,1{H }3,1{H
}3,2{H

1H
2H 3H

2135.01 p 0682.02 p 0049.03 p

Bonferroni test 

0147.0,0098.0,1364.0 }3,2,1{}3,2{}3,1{}2,1{  pppp

2135.0,0682.0,0049.0 )3()2()1(  ppp
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Step 2 

}3,2,1{H

}2,1{H }3,1{H
}3,2{H

1H
2H 3H

2135.01 p 0682.02 p 0049.03 p

0147.0}3,2,1{ p

1364.0}2,1{ p 0098.0}3,2{ p0098.0}3,1{ p

Stopping boudaries 

0359.0,1.0,0054.0 11  c　　 for 025.0



15 

Step 3 

}3,2,1{H

}2,1{H }3,1{H
}3,2{H

1H
2H 3H

2135.01 p 0682.02 p 0049.03 p

0147.0}3,2,1{ p

1364.0}2,1{ p 0098.0}3,2{ p0098.0}3,1{ p

Stopping boudaries 

0359.0,1.0,0054.0 11  c　　 for 025.0

1}3,2,1{1   pContinue to the  stage 2  



16 

Step 4 

}3,2,1{H

}2,1{H }3,1{H
}3,2{H

1H
2H 3H

2135.01 p 0682.02 p 0049.03 p

0147.0}3,2,1{ p

1364.0}2,1{ p 0098.0}3,2{ p0098.0}3,1{ p

Stopping boudaries 

0359.0,1.0,0054.0 11  c　　 for 025.0

Continue to the  stage 2  

}2,1{1 p

Accept  H12 
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Step 5 

}3,2,1{H

}2,1{H }3,1{H
}3,2{H

1H
2H 3H

2135.01 p 0682.02 p 0049.03 p

0147.0}3,2,1{ p

1364.0}2,1{ p 0098.0}3,2{ p0098.0}3,1{ p

Stopping boudaries 

0359.0,1.0,0054.0 11  c　　 for 025.0

Continue to the  stage 2  

Accept  H12 

Drop 
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Step 6 

}3,2,1{H

}3,1{H
}3,2{H

3H
0049.03 p

0147.0}3,2,1{ p

0098.0}3,2{ p0098.0}3,1{ p

Stopping boudaries 

0359.0,1.0,0054.0 11  c　　 for 025.0

Continue to the  stage 2  
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Case study: 最終解析における閉手順 

Arm 1 

Arm 2 

Arm 3 

Control 

中間解析 

i  
Observed 

mean value 

Unadjusted 

p-value 

0 0 - 

3 1.9 0.0296 

最終解析の結果 

3H

0296.03 p

最終解析 

Stage 1 Stage 2 
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Step 7 

Inverse normal combination test 
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3,23,13,2}3,2{,1

3,2}3,1{,13,2}3,2,1{,1

}3,2,1{H

}3,1{H
}3,2{H

3H

0147.0}3,2,1{,1 p

0098.0}3,2{,1 p0098.0}3,1{,1 p

2/121  ww

0049.03,1 p

Reject H3  

3H

0296.03,2 p

Stage 1 Stage 2 

},{ 3,2,1 ppC I


