
 
Methods 
 
We consider a multi-arm multi-stage (MAMS) design. 
 
 
 
 
  
 
 
 
We define a utility function for the final decisions 
 
 
 
 
 

 

After each stage we evaluate the expected net benefit for 
continuation 
 
 
  
 
 
And decide whether to continue 

 
 
 
 
We can consider different strategies for continuation by evaluating 
the expected net benefit for different strategies. 

Problem  

• In modern medicine there has been a rapid increase in the number of developed drugs. In many fields, such as 
oncology, there are several drugs hypothesized to treat the same disease. 

• A multi-arm trial in which all candidate drugs are considered requires fewer resources and facilitates a direct 
comparison of drug performances as compared to running separate trials for each drug.  

• We consider this problem in a decision-theoretic framework, where the aim of the trial is to select among the set of 
candidate drugs the optimal drug, i.e. the drug that maximizes the expected utility.  
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   Simulation studies  
• Study 1: three experimental arms, a binary outcome and with utility defined as  

𝑈 𝑑,𝜃 = 1 if 𝑑 = 𝑎𝑎𝑎𝑎𝑎𝑥𝑑𝑈 𝑑,𝜃  and 𝑈 𝑑,𝜃 = 0 otherwise. 𝑁 = 12. 

• Study 2: one control arm (arm 1) and two experimental arms, binary outcome, and 

utility defined as 𝑈 𝑑, 𝜏 = 1 if 𝑑 = 𝑎𝑎𝑎𝑎𝑎𝑥𝑑𝑈(𝑑, 𝜏) and 𝑈 𝑑, 𝜏 = 0 otherwise, 

where 𝜏 ≔ (𝜃1,𝜃2 − 𝛿,𝜃3 − 𝛿) with 𝛿 a predefined margin (0.125). 𝑁 = 12. 

Comparison of different designs: 

A) Adaptive stopping of the trial with option of intermediate dropping of arms. 

B) Adaptive stopping of the trial only. 

C) Non-adaptive* Bayesian design, selecting the treatment maximizing exp. utility.  

D) Non-adaptive* frequentist design, using Dunnett’s test for multiple comparisons. 

*Fixed sample size, no-interim analyses. 

For different choices of 𝜃, we matched the expected total sample size of the designs, 
and calculated the percentage of correct drug selections at trial termination for each 
design (simulation size: 1000).  
The designs of study 2 were tuned to reach 95% of correct selections (arm 1, control) 
under 𝐻0:𝜃 = 0.5,0.5,0.5 , corresponding to a frequentist type-I error rate of 5%. 
 
 

 

 

 
 

Study 1 

Conclusions 
 
• Adaptive stopping of clinical trials based on net benefit can improve the frequentist performances both in MAMS 

trials with and without a control arm (A and B compared to design C). 
 

• In studies with a control arm, use of net benefit improves performance compared to a standard frequentist 
analysis (B and C compared to design D). 
 

Study 2 
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Setting 
• Multi stage trial with 𝑇 active arms at start of the trial. 

• 𝑁 patients in each stage, equally divided over the active arms. 

• 𝜃 =  (𝜃1, … ,𝜃𝑇) vector containing response rates of each drug. 

• 𝑌𝑘 primary outcome data for patients in stage 𝑘. 

Utility of decision to declare drug 𝑑 optimal given 𝜃 ∶ 𝑈 𝑑,𝜃  

Optimal decision after stage k:  𝑑𝑘∗ = 𝑎𝑎𝑎𝑎𝑎𝑥𝑑𝐸 𝑈 𝑑,𝜃  𝑌1, … ,𝑌𝑘] 

 

 

 

Net benefit for continuation to stage 𝑘 + 1:  𝑁𝐵𝑘 = Δ𝑈𝑘 − 𝜆𝜆 

Δ𝑈𝑘 = 𝐸 max
𝑑

𝐸 𝑈 𝑌1, …𝑌𝑘 ,𝑌𝑘+1  | 𝑌1, … ,𝑌𝑘 −  max
𝑑

𝐸 𝑈 𝑌1, …𝑌𝑘] 

If 𝑁𝐵𝑘 > 0 : continue to stage 𝑘 + 1 

Else : terminate the trial and select 𝑑𝑘∗  
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