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Michael Grayling is a postdoctor al r esear cher  in the MRC 
Biostatistics unit (BSU), University of Cambridge. He works 
on adaptive trial design, with particular focus on single-arm 
trials and trials with clustering. 

 

Adrian Mander is the dir ector  of the MRC BSU Hub for  
Trials Methodology Research. He works on methodology for 
adaptive trials with particular focus on dose-finding and dose-
range studies. He has experience of trials methodology in both 
academic and industry setting. 

 

David Robertson is a postdoctor al r esear cher  in the BSU. 
He works on methodology for multiple testing in trials and 
adaptive designs, with particular focus on error rate control 
and statistical inference following an adaptive trial. 

 

James Wason is a pr ogr amme leader -track in the BSU and 
Professor of Biostatistics in Newcastle University. He works 
on methodology for adaptive trial design, with a particular fo-
cus on multi-arm trials and trials using biomarkers. 



Clinical trials are the gold standard study de-

sign for assessing the efficacy and safety of an 

intervention. Adaptive designs are a novel ap-

proach to improving the efficiency and ethical 

properties of clinical trials. With an adaptive 

design, information gathered during the trial 

can be used to change the design in a statisti-

cally robust way. There are many types of 

adaptive designs that are possible for different 

situations ranging from phase I to phase III.  

In both adaptive and non-adaptive trials, there 

are often multiple hypotheses being tested. 

Examples include trials with multiple end-

points, multiple treatment arms and when a 

trial tests a treatment in different patient sub-

groups. Adaptive trials often mean that a par-

ticular hypothesis is tested several times dur-

ing the trial. This creates issues with multiple 

testing, for which suitable procedures are 

needed to ensure the appropriate error rate is 

controlled. 

In this course we will give an overview of 

multiple testing issues and adaptive designs in 

trials. Throughout the course, real examples 

will be used to demonstrate the methodology. 

There will be a strong emphasis on learning 

how to use available software to implement 

the methodology in practice. 

 

DAY 1:  MULTIPLE TESTING PROCEDURES  

- Introduction to multiple testing in trials  

Reasons for multiplicity in trials - Types of error rate 

Simple corrections - Practical  

- Advanced multiplicity correction 

Hierarchical testing procedures - Closed testing procedures 

Graphical approaches  - Practical  

- Multiplicity correction in practice 

Consideration of which methods should be used for which ty-
pes of multiplicity issues - Case studies - Regulatory view-
points - Available software - Practical  

- Recap of day and time for general Q&A on multiple te-

sting  

 

 

DAY 2: ADAPTIVE DESIGNS 

- Introduction to adaptive designs 

Motivation - General concepts common to adaptive designs 

Frequentist vs Bayesian  

- Phase I trials (1) 

Introduction to the dose-escalation continual reassessment me-
thod (CRM) for single agents - Extensions to the CRM such as 
controlling overdosing and time to event - Practical  

- Phase I trials (2) 

Dose - escalation for combination products and specifically the 
PIPE methodology - Jointly considering efficacy and toxicity -  
Practical  

- Single-arm designs 

Design and analysis of single-stage single-arm trials - Design 

of two-stage single-arm trials (i.e., Simon’s designs) - Exten-
sions to Simon’s framework (including adaptive two-stage de-

signs) - Analysis of two-stage designs (p-value, point estimate, 

confidence intervals) - Advantages and disadvantages of single
-arm designs relative to randomised designs - Practical 

- Group-sequential and multi-arm multi-stage designs 

History of group-sequential methods - Group-sequential 
methods for multi-arm trials - Multi-stage drop-the-loser 
designs - Adaptive randomisation for multi-arm trials - 
Practical 

- Q&A  

 

 

DAY 3: ADAPTIVE DESIGNS 

- Dose ranging studies 

Introduction to design issues when selecting optimal dos-
es (including D-optimality) - Two-stage methods to han-
dle uncertainty in parameter estimation - Dose selection 
that are robust to model choice  

- Flexible designs 

Unplanned adaptivity - p-value combination test - Condi-
tional error rate  

- Sample size re-estimation             

Overview of the different types of sample size re-

estimation - Blinded sample size re-estimation in random-

ised parallel arm trials - Sample size inflation factors and 

alpha adjustment procedures - Unblinded sample size re-

estimation designs for bioequivalence trials - Computa-
tional exploration of sample size re-estimation designs - 
Practical 

- Analysis after adaptive trials. Construction of confi-
dence intervals 

Median unbiased estimation - Bias-adjusted MLE 
Minimum variance conditionally unbiased estimation -
Practical 

- Practical issues in adaptive designs and future re-
search 

- Q&A and close 
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