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Model 

 
 

• Number of centers n 
 

• Treatment effect in the i-th center is described by      that is random 
with mean        and var-cov matrix        
 

• Observational errors (between subject variability)         have zero means 
and variance        , are uncorrelated between each other and with        
 

• At           we have        subjects and                                  
 

• We are interested in estimation individual and global parameters   
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Linear estimators 

• Total sum of squared deviations 
 
 
 
 
 
 
 

• Notations 
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Optimal design for individual parameters 
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Two optimization problems: 
 
 
and 
 
 
 
Nothing special but in the second case optimal design depends on number 
of subjects and the population var-cov matrix.  



Population mean (treatment effect) 

• BLUE:           
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The simplest case 
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• Let                                 and                       
     then  
 
 
     and 
 
 
 
• If N and r are fixed then: 
 



Working with cost 

7 

Cost function: 



Random enrollment: waiting time 

Statistically 
optimal allocation 

For $1 billion drug one lost day costs ~$2.7M. What is the cost to enroll and to treat extra 100 subjects? 



Random enrollment: variance inflation 
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Optimization problem that address the lost revenues 
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Example of risk minimization 



Additional sources of potential variance inflation  
for nonlinear models 
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• Linearization: 
 
 
 
 
 
 

 



Asymptotic results  

• For large N 
 
 
 
 

• When                                the previous optimization problem 
 
 

     have to be replaced with 
 
 
    not with (!!!) 
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Summary 

• Optimal designs (allocations) may depend on N, r and 
cost function 

• Often it is easy (cheaper) to enrolled more than to 
maintain the exact balance. 

• Operational randomness may cause the variance 
inflation 

• In the nonlinear case individual matrices are random 
• It is promising to work with quantiles instead of means 

and talk about the probability of technical success 
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