
• An Example of the Procedure
In this experiment, we select 2 best of 4 breast 
cancer drugs provided that they are significantly 
better than the control. The null hypothesis is 
that all the treatments have equal effects.
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• Introduction
➢We propose a hybrid two-stage design for 

selecting the t best of k (k > t > 1) 
experimental Bernoulli treatments and a 
controlled Bernoulli treatment. 

➢We adopt the selection-and-testing design 
considered by Thall, Simon, and Ellenberg
(1988), but with a different goal: selecting 
among k treatments the t (t < k) best 
treatments and to compare them to the 
control. 

➢The selection stage of the design selects the t 
best provided that they are significantly better 
than other treatments and the control. 

➢The testing stage tests whether the selected t 
treatments are superior to the control. 

• LFC
Among all the configurations that satisfy 

𝑝1 ≤ … ≤ 𝑝𝑘−𝑡 ≤ 𝑝0 + 𝛿1 < 𝑝0 + 𝛿2 ≤ 𝑝𝑘−𝑡+1≤ ⋯ ≤ 𝑝𝑘,

the least favorable configuration 𝑝∗ is

𝑝1 = … = 𝑝𝑘−𝑡 = 𝑝0 + 𝛿1, 𝑝𝑘−𝑡+1= … = 𝑝𝑘 = 𝑝0 + 𝛿2

where 𝛿1 and 𝛿2 (0< 𝛿1< 𝛿2 < 1− 𝑝0) are two constants 
pre-specified by the experimenter. 

• An Example of the Proof of LFC
The general proofs are given in the Appendix. Here we 
only consider a special case with 𝑘 = 4, 𝑡 = 2, 𝑛1 = 2, 𝑛2 =
3 and 𝑝0 < 𝑝1, 𝑝2 ≤ 𝑝0+𝛿1< 𝑝0+𝛿2 ≤ 𝑝3, 𝑝4. The associated 
design constants are 𝑎1 = 2 and 𝑎2 = 4.  

We will prove 𝑃 𝐶𝑆 𝑝) is non-increasing in 𝑝1 when the 
remaining 𝑝𝑗 's are held fixed.

Here terms with the same subscripts can cancel. We can 
see that all the negative terms in the derivative either 
cancel or exceed (in absolute value) the positive terms. 

• Procedure
➢Stage 1.

Assign 𝑛1 subjects to 𝜋0 , 𝜋1, … , 𝜋𝑘 respectively. If

𝑇1 = 𝑋[𝑘−𝑡+1,1] − 𝑋01 ≥ 𝑎1,

where 𝑋[𝑘−𝑡+1,1] is the (k-t+1)th largest statistic 

𝑋𝑗1 for 𝑗 = 1,… , 𝑘, then select the t largest 

populations, denoted by 𝜋 𝑘−𝑡+1 , … , 𝜋[𝑘]
respectively. Otherwise, stop the procedure and  
accept 𝐻0: 𝑝0 = 𝑝1 = ⋯ = 𝑝𝑘 .

➢Stage 2.

Assign 𝑛2 subjects to 𝜋0 , 𝜋[𝑘−𝑡+1], … , 𝜋[𝑘]
respectively. If 

𝑇2 = (𝑋[𝑘−𝑡+1,1]−𝑋01) + (𝑋[𝑘−𝑡+1,2]−𝑋02) ≥ 𝑎2,

then reject 𝐻0 and select 𝜋[𝑘−𝑡+1],… , 𝜋[𝑘] as the t 

largest populations. Otherwise, accept 𝐻0. 

• Result
We adopt the exact binomial probability calculation 
without simulation or normal approximation to obtain 
more accurate result.

• Notations
𝑝𝑗: the jth success probability in order (j=1,…,k)

𝑝1 ≤ 𝑝2 ≤ ⋯ ≤ 𝑝𝑘

𝑝0: the success probability of the control treatment

𝜋𝑗: the treatment associated with 𝑝𝑗

𝑋𝑗𝑠: the number of successes in the jth treatment at 

Stage s (s = 1, 2)

𝑎𝑠: the test cut-off at Stage s

𝑛𝑠: the sample size of each group at Stage s

𝐸𝑁: the expected total sample size defined as

𝐸𝑁 =
1

2
𝐸 𝑁 𝐻0) +

1

2
𝐸 𝑁 𝐿𝐹𝐶)

• Probability of Correct Selection
The probability of selecting the populations with the t 
largest 𝑝𝑖 was evaluated under the LFC  𝑝∗:

The size can be computed by evaluating 𝑃 𝐶𝑆 𝑝∗) under 

𝐻0 and multiplying the result by 𝑘
2

. So size is given by

• Algorithm
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• Future Work
➢Using a curtailment for possible early decision

➢ Improving the efficiency of obtaining numerical 
results for the design constants

➢Applying the procedure to general ANOVA tests.


