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Successful use of Bayesian Dynamic Borrowing (BDB) approaches at GSK

Pediatric Efficacy 

Extrapolation

BDB in a pediatric efficacy trial 

facilitated FDA approval of Belimumab 

for pediatric lupus

FDA Approved Product 

Label

BDB primary analysis of real-world 

data led to the inclusion of BDB 

results in the FDA-approved label for 

maternal Boostrix vaccination

CDE Approved Product 

Label

BDB design used for a confirmatory 

bridging trial that supported the 

approval of Nucala for severe 

asthma in China.

Use of BDB by GSK project 

teams 

BDB is routinely considered for 

clinical efficacy extrapolation in 

paediatric studies at GSK

>30 project teams have considered 

BDB designs as part of their 

development plans

BDB = Bayesian Dynamic Borrowing
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Road to “commercialisation”: Bayesian Dynamic Borrowing (BDB)

Consulting
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Bayesian Dynamic Borrowing resources, 
training, education and case studies at GSK
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Working group consisting of statisticians and regulatory team members 

to provide a one stop shop of BDB resources including:

• Points to Consider Guidance Document

• Dashboard and Case Studies

• Experiences of regulatory interactions

• Internal and External resources

GSK BDB working group
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GSK BDB working group – Points to Consider Document
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DOs

• Provide a clear rationale for use of BDB

• Ensure acceptable balance of Type I error 

• vs power compared to evidentiary standards

• Provide complete documentation, eg

• Scientific rationale

• Construction of the prior

• Operating Characteristics

GSK BDB working group – Checklist and Key Steps
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GSK BDB working group – Case Study Dashboard
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• Regulatory guidance

• Publications

• Videos

• Training materials

• Other resources

GSK BDB working group – Resources



10

Regulatory engagement with 
China Centre for Drug Evaluation



Eva, 

GH Scientist

GSK/CDE Webinar

Agenda

❑15:00 BST/8:00 CST Introduction (Jun Wang and 

Yanmei Xu)

❑15:10 BST/8:10 CST Overview and Borrowing 

Information (Chrissie Fletcher)

❑15:25 BST/8:25 CST Concepts of Bayesian 

borrowing for bridging studies (Nicky Best)

❑16:10 BST/9:10 CST Case study: Trelegy bridging 

design (Dawn Edwards)

❑16:25 BST/9:25 Discussion  (All)

❑16:55/9:55 Event Close

Bayesian Dynamic Borrowing Design to 

Inform Regional Bridging Trial
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• Background:

• Global study supported drug approval internationally, but no Chinese patients.

• Separate study needed for registration with China's Center for Drug Evaluation

• Choice of BDB Approach:

• Uses existing evidence from global study to supplement planned sample size

• BDB likely to provide more robust evidence than unpowered standalone study

• Design of the China BDB Study:

• Designed to closely replicate global study (incl/excl, primary endpoint, estimand)

• Objective: Assess new v reference treatment for cts endpoint in Chinese patients

• Regulatory requirements: 

• Approach consistent with regulatory guidance at the time on Bayesian designs for 

drug approval (e.g. FDA Complex Innovative Designs, draft ICH E11A Pediatric 

Extrapolation) & with ICH E5 & E17 principles for bridging & multiregional trials

Using Bayesian Methods in Clinical Trials: A Regional Case Study



Edwards D, Best N, Crawford J, Zi L, Shelton C, Fowler A. Using Bayesian Dynamic Borrowing to Maximize the Use of Existing Data: A Case-Study. Ther Innov Regul Sci. 2024 Jan;58(1):1-10. doi: 10.1007/s43441-023-00585-3. Epub 2023 Nov 1. PMID: 

37910271; PMCID: PMC10764450.
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Study Design and Analysis Steps
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Evaluation of study design operating characteristics

Power for new treatment versus reference treatment. Ph3 phase 3, W weight. Illustration of operating 
characteristics to help 
select design
parameters. 

Operating Characteristics 
calculated using decision
rule: Pr ( treatment 
effect > 0) ≥ 95%, Power 
calculated assuming true 
treatment effect = 100 
"units”, Type I error 
calculated assuming
true treatment effect = 0 
"units”. 

Any combination of prior 
weight and sample size 
above the yellow line 
has power > 80% and 
anything to the left of 
the black line has type I 
error less than 20%.
MRCT = multi-regional 
clinical trial.



20 June 202515

Summary of Power and Type I Error Rate
Results based on using robust mixture prior with initial weight 0.3 on the global data 

which had an estimated treatment effect of 86 units

Operating 

Characteristic

Value Commentary

Prob of a false 

positive result 

(assuming true 

treatment 

difference

= 0 units)

20% 

(Type I 

error rate)

Increasing weight further would increase POS (type I error) 

above 20%

As prior weight increases so does type I error—however, in 

bridging settings, there already is good prior evidence of 

treatment benefit, so risk of committing a type I error is low 

because likelihood that treatment is truly ineffective is low. A 

type I error of 20% for this study was considered reasonable

Prob of true 

positive result 

(assuming true 

treat difference

= 100 units)

81% 

(Power)

If the true mean difference is 100 units (which is around what 

was believed to be the true treatment difference based on the 

global study), then the POS is 81%. Increasing weight has 

less significant impacts in further improving POS (i.e. the 

increase in POS plateaus)
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Summary of the posterior distribution of true treatment effect given 

a range of hypothetical outcomes
(Observed Treatment Differences) in the China Study

Hypothetical outcome 

(Observed treatment 

difference) in China

Bridging study

Updated (posterior mean) 

estimate of true

treatment difference in 

China

90% Credible Interval for 

true treatment difference 

in China

0 units 43 units (– 68 units, 105 units)

49 units 73 units (> 0 units, 118 units)

60 units 77 units (14 units, 121 units)

86 units 86 units (38 units, 132 units)

100 units 90 units (46 units, 143 units)

Results based on using robust mixture prior with initial weight 0.3 on the global data which had an estimated treatment 
effect of 86 units
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• BDB approach improved data use efficiency and reduced time, 

facilitating quicker availability of medicines. 

• An alternative standalone study in China with trend analysis was 

considered but may have led to arbitrary treatment differences and 

reduced precision due to small sample sizes.

• Early interaction with regulatory agencies is encouraged to align 

objectives and address any queries. 

• Collaboration with statistical experts also vital!

China Case-study Conclusions
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Bayesian Dynamic Borrowing (BDB) to support 
approval of Nucala for severe asthma in China
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Bayesian Dynamic Borrowing (BDB) to support 
US Boostrix Maternal Immunization label



Background

• GSK seeking an additional indication for BOOSTRIX in US (specific 

formulation): maternal immunization during each pregnancy to provide passive 

protection against pertussis in early infancy.

• Pertussis affects about 7 out of 10,000 infants < 6 months each year in the US 

(rare event).

• Limited data on the effectiveness with the BOOSTRIX US formulation while

several observational studies with the BOOSTRIX non-US formulation have 

shown effectiveness. 

• The US Centres of Disease Control (CDC) conducted a case-control study to 

estimate the effectiveness of Tdap (ADACEL and BOOSTRIX) maternal

immunization at preventing pertussis in young infants (Skoff, CID 2017). 

Inconclusive results (large variability).
23



US Study (current data)
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The US Centres of Disease Control (CDC) conducted a case-control study

(Phase IV) to estimate the effectiveness of Tdap (ADACEL and BOOSTRIX) 

maternal immunization at preventing pertussis in young infants (Skoff, CID 2017).  

While the point estimate of effectiveness supported the benefit of maternal 

immunization with BOOSTRIX, the large confidence interval did not allow to 

formally demonstrate the effectiveness (inconclusive results).

The US Centres of Disease Control (CDC) conducted a case-control study

(Phase IV) to estimate the effectiveness of Tdap (ADACEL and BOOSTRIX) 

maternal immunization at preventing pertussis in young infants (Skoff, CID 2017).  



Current (US) and historical (non-US) data
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CBER interactions

● Extensive and constructive 

exchanges were made between 

CBER and GSK to clarify the 

planned analysis and to provide 

sensitivity analyses:

● Effect on potential brand 

misclassifications in the US 

data  

● Effect of each historical study

(leave-one-out meta-analysis)

● Effect of the weight given to 

the prior (full range of w 

considered)



Robust MAP prior results

MAP prior Robust MAP prior

BDB estimate with 90% (pre-specified) weight: 83.4%  [CI 55.7%;   92.5%]

BDB estimate with 20% weight:                            81.5%  [CI 12.9%;   94.5%]

Observed VE (US only):                                          78.0%  [CI -38.0%;  96.6%]



Sensitivity analysis (leave-one-out meta-analysis)

Sensitivity analysis VE (95% credible interval)

1 (UK screening) 87.2 (39.5; 96.0)

2 (Spain screening) 79.7 (81.4; 90.5)

3 (Australia case/control) 83.3 (54.5; 92.4)

4 (Spain case/control) 73.7 (22.5; 88.1)

Based on mixing weight of 90%.



•Boostrix pertussis received US FDA approval for immunization during pregnancy 

for protection of newborns against 

•This is the first vaccine approved in US specifically for use during pregnancy to 

prevent a disease in young infants whose mothers are vaccinated during 

pregnancy

•First-ever inclusion of the BDB results in the label 

Boostrix Approved by FDA



• This BDB method is an attractive approach when estimating vaccine 

effectiveness against a relatively rare disease, with sample size challenges

• The choice of how much to borrow from the historical data should be carefully 

evaluated and needs to be approved by regulatory agencies

• Transparency and rapid response to CBER questions were drivers to the positive 

outcome

• Openness of CBER to innovations 

Summary
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The journey continues….



Questions?
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