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Overview 

• Traditional trial designs and some of the problems with them 

• Why we may want to think about doing things differently 

• Things that we could do differently, and better 

• Some specific topics 

• Issues in statistical methods and interpretation of trial 

evidence 

• Bayesian statistical methods 

• Multiple outcomes 

• Adaptive trials 

 

 

 

 

 



INTRODUCTION 

 

What are we doing in trials? 

Are we doing it well? 



Why do things differently? 

• Efficiency 

• limited funding 

• difficulty of recruitment 

• time taken to get trials completed 

• evaluate interventions one at a time 

• Restricted patient numbers 

• New sorts of question - require new trial designs 

• Many trials don’t answer important clinical questions well 

 



Traditional trial design 

• 2 arms 

• Single primary outcome 

• Sample size (“power”) calculation 

• Fixed sample size 

• No interim decisions 

• Analysis using frequentist statistical methods; significance 

testing and confidence intervals 

• Interpretation based on significance of primary outcome 



Conceptual issues 

• What are we actually trying to find out? 

• Unrealistic expectations 

• Trials not always able to be conclusive 

• Trials designed specifically to find statistically significant 

differences 

• Not always a sensible goal 



Design issues 

• Primary outcome 

• Sample size calculations 

Conduct issues 

• Fixed recruitment 



Analysis and Interpretation issues 

• Inefficient use of data 

• Statistical methods 

• Analysing outcomes separately 

• Interpretation based on primary outcome 

• Dichotomisation of evidence:  

• significant/non significant outcomes 

• “positive”/”negative” trials 
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STATISTICAL METHODS 

AND INTERPRETATION  

OF TRIAL RESULTS 



Evidence and statistics 

• Statistical methods are the link from data to 
conclusions and actions 

• If you want to learn from data when there is 
uncertainty, you need statistics 



Frequentist statistics 

• P-values, null-hypothesis significance testing, confidence intervals 

• Trial analyses usually produce an estimate of the treatment effect, a 

p-value and a confidence interval 



p-values / significance tests 

• Probability that the null hypothesis is true 

• Probability that the result is due to chance alone 

• P < 0.05 means  

• the difference is real 

• the difference is unlikely to be due to chance 

• the null hypothesis is false (or probably false) 

• treatment benefit has been proved 

• <5% chance that the null hypothesis is true 

• P > 0.05 means 

• there is no difference 

• the treatment is not effective 



Confidence intervals 

• Range in which we expect the true effect to lie 

• Plausible range of treatment effects 

• Range with 95% probability of including real value 

• In 95% of replicates, estimate will fall within this range 

• Values near the centre are more likely than values near the ends 

(probability distribution) 

 





Correct interpretation: p-value 

The probability, under the assumption of no effect or 

no difference (null hypothesis) of getting a result equal 

to or more extreme than what was actually observed. 

• So p < 0.05 (a statistically significant result) means that if the null 

hypothesis is true and you repeat the trial many times, you’re unlikely 

to get a result as extreme 

• Null hypothesis being wrong is one possible reason for that 

• Only about the one specific null hypothesis of zero difference 

 



Spence & Stanley  
Frontiers in Psychology 13 Nov 2018 



Correct interpretation: confidence interval 

A 95% CI is an interval created by a method that 

ensures that it will include the true value in 95% of 

replicates of the experiment 

 

 

 

• Best interpretation of a single interval: “a range of values that is 

compatible (i.e. not statistically significantly different from) the point 

estimate.” 



Criticisms 

Principle 3. Scientific conclusions and business or policy decisions should 

not be based only on whether a p-value passes a specific threshold. 



Criticisms 





HR = 0.70 

95% CI 0.47, 1.02 



Example: OPTIMISE 

Main outcome: major complications or 30-day mortality 
Intervention: 36.6%; Control: 43.4%  RR 0.84, 95% CI: 0.71, 1.01 



Traditional frequentist results 

• Often misinterpreted; don’t mean what people think 

• Hard to understand 

• Not very clinically relevant 

Not answering the right questions 

 • Give us probability of data if hypothesis is true 

• We want to know the opposite: what is the probability of any value of 

the treatment effect, given the data that the trial has found? 

• Not surprising that people are confused! 



BAYESIAN STATISTICAL METHODS 

or 

PROBABILITY-BASED STATISTICS 

 



Bayesians versus frequentists 



You don't know 
the power of 
the dark side. 



Use probability  to represent uncertainty 

Uses Bayes’s theorem 

Result (posterior distribution) is a probability distribution 

Probability of all possible values of treatment effect, 
given the data 

Bayesian methods 



Give us relevant answers 
– What are the likely treatment effects, given the data? 

Understandable and useful results 
– Probability that treatment superior 

– Probability that difference is clinically important 

Result is a probability distribution (unlike CI) 

Gets away from artificial dichotomy (significant/non-
significant) 

Allows incorporation of existing information 

Really good for adaptive trials 

 
 

Bayesian methods 



Conditional probability 

The probability of X given that Y happens. 

 

Probability of rain tomorrow given that today is sunny. 

 

Probability that a patient has a disease, given that he 
has tested positive for it. 

 

Probability that a drug is beneficial, given the data we 
have collected in a trial. 



Bayes’s theorem 

Posterior 
probability of 
treatment effect (A) 
given the data (X) 

The data 

Prior probability of 
treatment effect (A) 



Answer a different (more relevant) 
question than traditional methods 
 
What is the probability of every possible 
value of the parameter, given the 
observed data, and what we knew already 
(and the statistical model)? 



Bayesian methods 

Prior combined with data (likelihood) to give posterior 
distribution. 

Shows probability of all possible values of the parameter 



Bayesian methods: output 

• Result is posterior distribution for 
parameter(s) of interest e.g. 
treatment effect 

• This can be used to derive other 
things 

– Probability of benefit or effect > 0 

– interval with 95% probability 
(credible interval, highest density 
interval) 

 



Bayesian methods and trials 

Posterior distribution allows calculation of useful probabilities 
that are not available from traditional analyses 

– Probability of benefit or harm 

– Probability that effect is greater than a threshold for clinical 
usefulness 

– Probability of equivalence or non-inferiority 

– Probability that each treatment is the best (or is better than control 
by a specified amount) 

– Predictive probabilities: given the current data, what is the 
probability distribution of treatment effects that we would find if 
we recruited another 100 patients, repeated the study, etc  

 



OPTIMISE: Bayesian analysis 
Credits: Ewen Harrison (Edinburgh) and Liz Ryan (Birmingham) 

Probability of RR < 1 (any benefit): 0.973 
Probability of RR between 0.9 and 1.1 (clinical equivalence): 0.22 
Probability of RR < 0.9 (important benefit): 0.78 
Range with 95% probability of true effect: 0.699 to 0.998 



A bit about priors 

• The prior is an important part of Bayesian analysis 

• Allows incorporation of existing knowledge, if that is desired 

• Sometimes thought to be a bit subjective – influence results by 

picking a favourable prior 

• BUT with a reasonable quantity of data, prior won’t matter 

• AND using an explicit prior is just formalising something we all do 

anyway 

 



Results of an RCT 

An intervention for mild traumatic brain injury 

Placebo controlled, fully blinded trial 

Outcome: 1-5 symptom scale, lower = better  

 

Difference (intervention – control): 

 -0.50, 95% CI -0.90, -0.15, p=0.01 

Could this be a useful intervention? 



Homeopathy 

Chapman EH, Weintraub RJ, Milburn MA, Pirozzi TO, Woo E (1999). 
Homeopathic treatment of mild traumatic brain injury: a randomized, 
double-blind, placebo-controlled clinical trial. Journal of Head Trauma 
Rehabilitation; 14: 521–542. 



Conclusion 
 

Prior probabilities are REALLY IMPORTANT  

even if you aren’t doing Bayesian analyses 

 

 
Bayesian analysis forces you to do think about prior probabilities and 
provides a formal method for doing this 

How often is this discussed in the NEJM? 



ADAPTIVE TRIALS 

 



• 2 arms; intervention and control 

• Outcome; 28 day mortality 

• Control mortality: 20% 

• Reduction to 15% in intervention group, 90% power, 5% 
significance level 

• 2418 patients (1209 per group) 

• 3 years recruitment, approx. 20 hospitals (allowing for set up 
time) 

• average 1 recruit/centre/week 

• 1 year to get all centres recruiting 

Adaptive trial design example 



Control 

Treatment  

Final analysis  

Traditional 2 armed trial 

Start 



• Simulate 1000s of trials 

• Evaluate the performance of different designs 
• Duration 
• Sample size 
• Proportion “successful” 
• Proportion stopped early (for futility and success) 

 

 

 

Design by simulation 



• 2 scenarios of treatment effect 

• “null”: zero effect 

• “target”: 20% control, 15% intervention 

• “Success” = Intervention better, p < 0.025 in final analysis 

Operating characteristics 

Scenario Average 
Duration 
(weeks) 

Average 
sample size 

Proportion 
success 

Proportion 
stopped 
early 
(futility) 

Proportion 
stopped 
early 
(success) 

Null 151 2418 0.0248 0 0 

Target 151 2418 0.8994 0 0 



Control 

Treatment  

Final analysis  

Add interim analysis and futility stopping 

Start Interim analysis  



• Same 2 treatment effect scenarios and success criterion 

• Add interim analysis after 1200 patients 

• Stop if probability of success, if trial went on to recruit 2418 
patients, is less than 0.05 (predictive probability). 

Operating characteristics 

Scenario Average 
Duration 
(weeks) 

Average 
sample size 

Proportion 
success 

Proportion 
stopped 
early 
(futility) 

Proportion 
stopped 
early 
(success) 

Null 118 1743 0.0234 0.5544 0 

Target 150 2396 0.8930 0.0180 0 



Control 

Treatment  

Final analysis  

Add stopping for success 

Start Interim analysis  



• Same single interim analysis after 1200 patients 

• Stopping for futility as before 

• Stop if predictive probability of success, if trial went on to 
recruit 2418 patients, is greater than 0.99 

Operating characteristics 

Scenario Average 
Duration 
(weeks) 

Average 
sample size 

Proportion 
success 

Proportion 
stopped 
early 
(futility) 

Proportion 
stopped 
early 
(success) 

Null 118 1742 0.0234 0.5544 0.0004 

Target 138 2156 0.8932 0.018 0.1968 



MULTIPLE OUTCOMES 

 



Using multiple outcomes 

• Usually outcomes are analysed one at a time 

• Conclusions depend mainly on single primary outcome 

• Important features ignored e.g. multiple events 

• Non-inferiority trials designed for non-inferiority in one 

outcome but imply superiority in another 

• Composite outcomes sometimes used; many disadvantages 

• Usually used for bad reasons 

• Implicitly weight all components equally 

• Hard to interpret 

• Often only first event included 



Hypothetical example 

• Three treatments: A, B and C 

• Two outcomes: efficacy and toxicity 

• A: 50% efficacy, 20% toxicity 

• B: 50% efficacy, 50% toxicity 

• C: 50% eficacy, 50% toxicity 

Which is the best treatment? 



A B C 

Efficacy, no toxicity 40 0 50 

Efficacy + toxicity 10 50 0 

No efficacy, no toxicity 40 50 0 

Toxicity, no efficacy 10 0 50 



“Using outcomes to analyse patients, not 

patients to analyse outcomes” 

• Idea is to assemble an outcome measure that includes all 

important events 

• Combine all important outcome measures into a single 

measure of each patient’s overall clinical outcome 

• Can include benefits and harms and multiple events 

 

• Lots of slightly different ways of doing this have been 

proposed 

• Ranking methods; combine into ordinal outcome 

• Weighting or utility methods: assign weights to the different 

outcomes 

 



Example 1: Evans et al 2015 (DOOR) 
(Healthcare Epidemiology 2015:61) 

• SCOUT-CAP trial: short v long antibiotic therapy for   

community-acquired pneumonia in children 

• Originally designed as a non-inferiority trial; changed to 8-level 

ordinal outcome 

 



Example 2: ASSENT-3 
Armstrong et al 2011; Am Heart J 161: 848-854 

• Trial of treatments for acute myocaridal infarction (STEMI) 

• Important outcomes: 

• Death 

• Cardiogenic shock 

• Congestive heart failure 

• Recurrent MI 

• Used a panel of experts to assign weights to the components 

of a composite outcome + validation exercise 

• Weighting: Death 1.0, shock 0.5, CHF 0.3, recurrent MI 0.2 

 



Conclusions/summary 

• There are lots of things that we can do better in trials 

• Er… some other conclusions 
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“You must 

unlearn what 

you have 

learned.” 


