
GENERAL STATISTICAL METHODOLOGIES FOR ADAPTIVE DESIGN

Background

The Pharmaceutical Research and Manufacturers of America

(PhRMA) working group on adaptive design defined adaptive

designs as “a clinical study design that uses accumulating data

to decide how to modify aspects of the study as it continues

without undermining the validity and integrity of the trial” While

both validity and integrity are important, statistical methods are

mainly designed to safeguard validity, which means to provide

the correct statistical inferences. E.g., the overall pre-specified

Type I error rate must be maintained.

In general, varies statistical methods to control Type I Error in

adaptive clinical trials can be classified into the following

categories:

1)Repeat testing such as group sequential trials,

2)Multiple hypothesis testing or multiple comparison,

3)Combination of pre- and post- adaptation data.

In more complex adaptive trials where statistical methodologies

are not available to ensure the Type I Error rate is controlled at

its nominal level, the so called strict control, simulations are

usually used to demonstrate the operating characteristic.
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Combination Test of Pre- and Post- Adaptation Data

The earliest development of adaptive clinical trials is perhaps 

the group sequential trials where a trial can be stopped early if 

there is strong evidence of efficacy during any planned interim 

analysis. 

� Pocock crossing boundary

� O’Brien and Fleming crossing boundaries

� The alpha spending function developed by Lan and DeMets

(1983)

Violation of assumption - the information accumulated each time 

between interim analyses is statistically independent.

Scharfstein et al. (1997) demonstrated that sequential Wald 

statistics behave like a standardized partial sum of 

independent normal variables and thus have independent 

increments.  

Chen et al. (2014) extended the alpha spending function 

methodology to derive stopping boundaries for testing different 

hypotheses at different interim analyses.
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Muller and Schafer (2001) also considered a more complex combination 

rule based on a conditional error function for adaptive group sequential 

trials. 

Bayesian Approach in Adaptive Designs

The Bayes theorem fits naturally in the adaptive design 

framework (learning and confirming cycle). 

� The prior distribution, P(θ), represents the prior 

knowledge.

� The posterior distribution, P(θ|y), represents the 

knowledge gained after learning from the data, y. 

The Type I error or Type II error concept does not exist 

in the Bayes theorem. These probabilities, or so called 

operating characteristics, are usually obtained via 

simulations.  
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