
Welcome in Louvain-la-Neuve



History of Louvain-la-Neuve (Université Catholique de Louvain)
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STATISTICAL SOLUTIONS
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The raise of Bayesian statistics in pharmaceutical 

development

How to organize the transition?

Boulanger Bruno | CSO Arlenda EFSPI Leadership Meeting
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Louvain-la-Neuve
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Agenda
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Survey

Drug Development as learning process

The reproducibility crisis

Bayesian reasoning

How to organize the transition ?
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Feedback from 11 companies

− Abbott

− Amgen

− BI

− Celgene

− ChiesiFarma

− Danone

− IQVIA

− Janssen

− Roche

− Servier

− UCB

Survey about Bayesian BioStatistics

© Arlenda, 2018
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1- Do you currently apply elements Bayesian statistics within your company?   90%

2- Phase do you use or intend to use Bayesian statistics?

Summary results

© Arlenda, 2018

Clinical phases are dominant in a 

challenging regulatory environment 

There are great industrial opportunities with 

more regulatory flexibility
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If you apply Bayesian statistics, is it for:

© Arlenda, 2018
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Percentage of trained statisticians Number of statisticians

Trained, aware, but maybe very little experience

About 50% of statisticians have at least some knowledge. (334/648)

11 / 11 companies say they plan to train their statisticians

9 / 11 say they also plan to train the non-statisticians

3 / 11 already attended a dedicated conference in Bayesian BioStatistics

Training in Bayesian Biostatistics

© Arlenda, 2018
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The main road blocks in use of Bayesian statistics

© Arlenda, 2018

Suggests more practical 

and applied trainings are 

needed

Suggests global 

perception is appropriate

Sounds like a priority
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Bayesian statistics are used for

© Arlenda, 2018
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The future is bright ;-)

The greatest opportunities of Bayesian statistics

© Arlenda, 2018
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WinBugs is still alive !

SAS managed to reach first rank in few years

STAN is already in the place

Most common Bayesian language 

© Arlenda, 2018
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The regulatory world is moving

forward

FDA is perceived as being ahead 

of EMA with that respect

Companies keep the momentum

Regulatory acceptance

© Arlenda, 2018
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How to move to the next stage ?

© Arlenda, 2018

Sounds like a priority. How ?

There is already one Group.

Need more dedicated groups?

There is already such a 

conference

Collab. with SAS, STAN,…?



http://www.bayes-pharma.org/
http://www.bayes-pharma.org/
http://www.bayes2011.org/
http://www.bayes2011.org/
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Drug development is a learning process

Discovery
pre-clinical

Phase I Phase II Phase III
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Decisions through drug development and sales

Discovery / 
pre-clinical

Phase I Phase II Phase III
Regulatory

review
Phase IV / 
manufact.

Target 

selection

Candidate 

selection

Initiate

Phase I

Initiate

Phase II

Product 

develop.

Go 

Phase III

Submit

file

Release 

product
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The objective: is my treatment effective ?

How  to make a decision ?

A

B

What is the probability of obtaining the observed 

data, if the treatment is not effective?

What is the probability that the treatment is 

effective, given the observed data?

2 / 18
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Two different ways to make a decision based on

A
Pr 𝐨𝐛𝐬𝐞𝐫𝐯𝐞𝐝 𝐝𝐚𝐭𝐚 𝐭𝐫𝐞𝐚𝐭𝐦𝐞𝐧𝐭 𝐢𝐬 𝐧𝐨𝐭 𝐞𝐟𝐟𝐞𝐜𝐭𝐢𝐯𝐞 )

 Better known as the p-value concept

 Used in the null hypothesis test (or decision)

 This is the likelihood of the data assuming an hypothetical 

explanation (e.g. the “null hypothesis”)

 Classical statistics perspective (Frequentist) 

B
Pr 𝐭𝐫𝐞𝐚𝐭𝐦𝐞𝐧𝐭 𝐞𝐟𝐟𝐞𝐜𝐭𝐢𝐯𝐞 𝐨𝐛𝐬𝐞𝐫𝐯𝐞𝐝 𝐝𝐚𝐭𝐚 )

 Bayesian perspective

 It is the probability of efficacy given

the data

3 / 18
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One size does not fit all….What’s the question?



Reproducibility crisis



The “Bayer” and “Amgen” publications



Nature, 2014
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March 2016:

Official reminder of ASA



Key statement from ASA Press Release

A p-value, or statistical significance, does not measure the size of an effect or the 

importance of a result.

Scientific conclusions and business or policy decisions should not be based only 

on whether a p-value passes a specific threshold.

By itself, a p-value does not provide a good measure of evidence regarding a 

model or hypothesis.

P-values can indicate how incompatible the data are with a specified statistical 

model.

P-values do not measure the probability that the studied hypothesis is true, or 

the probability that the data were produced by random chance alone.

Proper inference requires full reporting and transparency.
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The diagnostic test example

Bayesian reasoning

5 / 18

Cancer ? diagnostic test result
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The accuracy of a diagnostic test is assessed as follows:

− Sensitivity: Pr 𝐩𝐨𝐬𝐢𝐭𝐢𝐯𝐞 𝐫𝐞𝐬𝐮𝐥𝐭 𝐜𝐚𝐧𝐜𝐞𝐫)

− Specificity: Pr 𝐧𝐞𝐠𝐚𝐭𝐢𝐯𝐞 𝐫𝐞𝐬𝐮𝐥𝐭 𝐧𝐨 𝐜𝐚𝐧𝐜𝐞𝐫)

A problem of decision making

In practice: 

Given that the diagnostic test result is positive, 

what is the probability you truly have cancer?

Pr 𝐜𝐚𝐧𝐜𝐞𝐫 𝐩𝐨𝐬𝐢𝐭𝐢𝐯𝐞 𝐫𝐞𝐬𝐮𝐥𝐭 ) = ?

6 / 18
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Example

prevalence= 1%

sensitivity= 86%

specificity= 88%

Pr 𝐜𝐚𝐧𝐜𝐞𝐫 𝐩𝐨𝐬𝐢𝐭𝐢𝐯𝐞 𝐫𝐞𝐬𝐮𝐥𝐭) =
1

12 + 1
= 0.077

Agresti, A. (2007). An Introduction to Categorical Data Analysis. Wiley, 2nd ed.

Colquhoun, D. (2014). An investigation of the false discovery rate and the misinterpretation of p-values. R. Soc. Open sci. 1(3): 140216

How can that be so low?

The small proportion of errors for the 

large majority of women who do not 

have breast cancer swamps the 

large proportion of correct diagnoses 

for the few women who have it.

7 / 18
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The clinical trial analogy

Pr 𝐝𝐫𝐮𝐠 𝐞𝐟𝐟𝐞𝐜𝐭𝐢𝐯𝐞 𝐝𝐚𝐭𝐚) = ?

effective? clinical trial data

8 / 18
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“If you use p = 0.05 to suggest that you have made a discovery, you will be wrong at 
least 30% of the time.”

Colquhoun, D. (2014). An investigation of the false discovery rate and the misinterpretation of p-values. R. Soc. Open sci. 1(3): 140216.

Pr 𝐫𝐞𝐚𝐥 𝐞𝐟𝐟𝐞𝐜𝐭 𝐩 < 0.05) =
80

80 + 45
= 0.64

9 / 18

prior probability



False Discovery Rate for p<0.05, power=0.8 as function of Prior Probability
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Some statisticians said….

''The most important task before us in developing statistical science is to demolish the P-

value culture, which has taken root to a frightening extent in many areas of both pure and 

applied science and technology.''    
Nelder, J. A. 1999. Statistics for the millennium. Statistician 48:257–269.

“Scientific conclusions and business or policy decisions should not be based only on 

whether a p-value passes a specific threshold.”
Ron Wasserstein, President American Statistical Association, March 2016

“… we recommend abandoning the null hypothesis significance testing paradigm entirely, 

leaving p-values as just one of many pieces of information with no privileged role in 

scientific publication and decision making.” 
McShane, Gal, Gelman, Robert & Tackett, 21SEP2017



Meeting at JSM in 2016
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“FDA is facing difficulties to 

recruit statisticians trained in 

Bayesian statistics. Why do you 

(academic) continue to train all 

statisticians almost exclusively in 

Null Hypothesis Significance 

Testing ?”



Bayesian inference is the mechanism used to update the state of knowledge 



prior information 

+

data information posterior information 

The process to arrive at a posterior distribution makes use of Bayes’ formula.

𝑝(𝜃) 𝑝 data 𝜃) 𝑝 𝜃 data)
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Example: Ratio of two proportions (2/2)

© PharmaLex

frequentist approach bayesian approach

Pr Ratio < 1 = 0.90

95% CI

 With a frequentist analysis, confidence intervals are 

calculated using normal approximation.

 With a Bayesian analysis, posterior distribution of the 

ratio is easily obtained from a sample of the posterior 

distribution of the ratio.



41

Bayesian statistics became popular in drug development with Adaptive Designs

Prior knowledge is used to make the trial design more effective and informative

It’s a key player in a Statistical Model-Based Drug Development strategy

Statistics-Based Drug Development with Bayesian statistics

15 / 18

Design

Study

ModelKnowledge

Prior



Design future trials: Simulations VS predictions

14 / 18

Simulations Predictions
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A power calculation takes a particular 

value of the effect within the range of 

possible values given by H1 and poses 

the question: if this particular value 

happens to obtain, what is the probability 

of coming to the correct conclusion that 

there is a difference?

© PharmaLex

Power vs assurance (1/3)
independent samples t-test (H0: 𝜇1 = 𝜇2 vs H1: 𝜇1 ≠ 𝜇2)

very strong priors!

𝜇1 = 100;

𝜇2 = 120;

𝜎1
2 = 𝜎2

2 = 39

assumptions:frequentist approach (power)



44

In order to reflect the uncertainty, a large 
number of effect sizes, i.e. (𝜇1−𝜇2)/
𝜎pooled, are generated using the prior 

distributions. 

A power curve is obtained for each effect 
size

the expected (weighted by prior beliefs) power 
curve is calculated

© PharmaLex

Power vs assurance (2/3)
independent samples t-test (H0: 𝜇1 = 𝜇2 vs H1: 𝜇1 ≠ 𝜇2)

bayesian approach (assurance)

assumptions:
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Power vs assurance (3/3)
independent samples t-test (H0: 𝜇1 = 𝜇2 vs H1: 𝜇1 ≠ 𝜇2)

power
assurance
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Why now and not before?

16 / 18

1702 - 1761
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We now have computing power and more languages
to apply Bayesian statistics

17 / 18
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2010 - Guidance for medical device clinical trials

Regulatory point of view

Guidance 

for Industry and FDA Staff 

Guidance for the Use of 

Bayesian Statistics in 

Medical Device Clinical Trials 
Document issued on: February 5, 2010 



2015                        21st Century Cures Act US Congress Bill
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CID initiative

© PharmaLex
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Historical control
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FDA discussion
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Conclusions
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There is a clear move for a broader use and acceptance of Bayesian statistics

How to ensure all actors will evolve at the same pace?

− Collaborate with Regulatory authorities seems a priority

− Share more applied examples (vertical)

− Extend the scope of application (horizontal)

Actions to be taken by EFSPI

− Already one WG ongoing

− More focused WG ?

− What are the priorities ?

− How to involve EMA ?

Your turn!

What’s Next ?

© Arlenda, 2018



Thank you for your interest in Bayesian statistics

bruno.boulanger@arlenda.com

Boulanger Bruno | CSO Arlenda


