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Decision-making in drug 

development

Tony O’Hagan

Power and assurance
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The probability of success

Your drug is going into phase 3

Big confirmatory trial

80% power to detect a clinically relevant effect

What is your chance of success?

80%?

The answer is a conditional “yes”:

Conditional on the true effect d equalling the clinically relevant 

d0

But an unconditional “no”:

For any other d the probability will be different

Not knowing d, statements conditional on d are of little help

The answer is only 80% if you are certain that d = d0

On the contrary, we can be sure that d will not equal d0 !
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Power versus assurance

Power is the probability of a successful trial outcome 
conditional on a particular effect

Assurance is the probability of a successful trial outcome

Unconditionally

There are two kinds of uncertainty

Randomness in the trial outcomes

Frequency probability can quantify this if we fix the underlying 

treatment effect d  ->  power

Uncertainty about the true treatment effect

Requires subjective probability  ->  distribution for d

Assurance combines power function and distribution of d

Result is necessarily subjective
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Power and assurance

Power (blue) is 80% 
at d = 0.1

Distribution of d (red) 
is normal with mean 
0.07

From expert judgement

P(d > 0) = 0.84

Assurance of positive 
test result is 50%

In this situation, 
assurance is expected power
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The regulator and the company

What use is the power calculation?

Answer depends on your perspective

Within the company

Power only has a useful role as part of the assurance calculation

It’s assurance that is important for internal decision-making

Although as we shall see, a variety of assurance calculations will 

generally be needed

For the regulator

Power is important to prevent submissions that are just lucky 

results from trials of inadequate size

Because regulators don’t know how to use Bayesian methods!
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Understanding assurance

Trials are typically designed with at least 80% power

Giving an unrealistic impression of the chance of success

In reality, we know that around 50% of Phase 3 trials fail

Assurance of a desired result is often much less than 80%

But even 5% assurance can be enough

If drug is a potential blockbuster

Need to learn to place assurance 
in context

Value if successful

Cost of development
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5% !!!

Eliciting a treatment effect
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Elicitation 

To convert power to assurance we need a probability 
distribution for the treatment effect

In the clinical trial population and conditions

Evidence at this stage is always weak

Need to elicit expert judgements

But many traps for the inexperienced!

Psychological factors

Use a carefully designed 
elicitation protocol

With an experienced facilitator

Juan Abellan’s talk
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The pharmaceutical bias

I’d like to highlight one particular bias that is a problem for this 
industry

Who do you pick as the experts?

The team developing the compound 

Nobody knows more about it than they do

But these people will always believe in its efficacy

They’ve nursed it this far

They’ve overcome all obstacles along the way

They’ve successfully argued for funding up to this point

So of course it’s going to work!

Which will be good for their careers

I call this the pharmaceutical bias

Although it also arises in other situations
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What can be done about it?

Bring in external experts whenever possible

Helps to reduce pharmaceutical bias

Remind the experts of the baseline frequency of failure

In all those Phase 3 trials that failed, failure was unexpected

The relevant experts believed the drug would work

Why should this team be any more sure of success?

Consider eliciting a probability of zero effect

Then a distribution of effect size conditional on non-zero effect

12 December 2018 EFSPI workshop - Suresnes 11

Assurance and drug 
development
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More complex situations

Few trials are simple these days!

Interim analyses

Futility analyses

Adaptive designs

Multiple comparators

Several endpoints

Our uncertainty is rarely just a matter of not knowing a single 
treatment effect parameter

Decisions don’t depend just on a single assurance

Drug development looks ahead at a whole series of trials

Portfolio management looks across several compounds!

Uncertainty is everywhere
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Other assurances

More generally, I use assurance to mean any unconditional 
probability

Significant result on efficacy

Acceptable safety

Stopping with positive result at interim analysis, ...

Can also calculate related properties

Expected sample size

Expected risk reduction outcome if significant, ...

All averaged over uncertainties in parameters

Treatment efficacy, trial effects, patient variability, ...

All need (elicited) distributions
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Computation

In the context of complex trials with several uncertain 
parameters the question is ...

How to compute assurances? 

The answer is ... simulation

Clinical trial simulation is widely used to evaluate things like 
power

For assurance we need Bayesian clinical trial simulation 
(BCTS)!
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CTS

Clinical trial 
simulation is 
widely used

Can estimate 
expected 
results from 
complex trials

But parameters 
are fixed

Initialise.

Fix parameters
Simulate patients 

and outcomes

Determine trial 

results

Another?

Collate results.

Report averages.

Y

N
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BCTS

To compute 
assurances we 
must also 
simulate 
parameters

This is done in 
the same loop 

Needs no extra 
simulated trials

Initialise

Simulate patients 

and outcomes

Determine trial 

results

Another?

Collate results

Report assurances.

Y

N

Simulate parameters

Table of assurances 
(and expected sample 
sizes) for three drug 
development 
strategies

A real 

example
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Parameter distributions

BCTS requires probability distributions to be specified for all 
unknown parameters

Not just treatment difference d

Baseline/comparator efficacies, side effects etc

Approaches

Elicitation of expert judgements

Analysis of data (e.g. reported trial results)

Should be Bayesian

Evidence synthesis
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Simulating a trial sequence

Need decision rules after each trial

To determine continuation decision and details of next trial

Update sequentially

Parameters

Phase 1

Proceed?

Phase 2a

Proceed?

Phase 2b

Proceed?

Phase 3

Results



17/12/2018

11

12 December 2018 EFSPI workshop - Suresnes 21

Updating the trials simulation

After a trial is complete

Update parameter knowledge

Revise trials sequence and simulate again

Parameters

Phase 2a

Proceed?

Phase 2b

Proceed?

Phase 3

Results
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An actual analysis

Fail Phase 2b:
Ex. 1 Ex.2

Total Failures: 4066 4171

(81.3%)   (83.4%)

non-inferiority 4035 3904

superiority 2243 2125 

adverse events 169 1347

Pass Phase 2b:
Ex. 1 Ex.2

934 (18.7%)     829 (16.6%) 

5000 

Simulations

Fail Phase 3:
Ex. 1 Ex.2

Total Failures: 218 79

(4.4%) (1.6%)

non-inferiority 26 30

adverse events 202 51

Pass Phase 3:
Ex. 1 Ex.2

716 (14.3%)      750 (15.0%)

All simulations passing Phase 3 produced 

results leading to reimbursement
Two alternative 

trial designs
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Assurance of success depends on study design
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Technical challenges

Information demands

Beliefs or evidence about performance – efficacy, safety, 

compliance – for new drug and comparators

Decision rules

Reimbursement knowledge – economic modelling and evidence, 

market penetration

Very big simulations

Especially with economic models

Huge range of options to explore

Extending modelling to whole pipeline, portfolio
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Conclusions

Decision makers need assurances of key outcomes

Power is more or less useless as an end in itself

O’Hagan et al (2005), Pharmaceutical Statistics 4, 187-201.

But you have to bite the bullet of characterising knowledge and 

uncertainty about true effects

And often other unknown parameters

Eliciting expert judgement is generally an important component

Modelling and simulation are a powerful combination 

For computing assurances to inform drug development decisions

BCTS for trial outcomes

Simulate sequences of trials

Link to economic modelling and reimbursement

Can be computationally and technically demanding
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Contact  

Email 

tony@tonyohagan.co.uk

a.ohagan@sheffield.ac.uk

Web

http://tonyohagan.co.uk/academic

http://tonyohagan.co.uk/consult

http://tonyohagan.co.uk/shelf
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