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Questions in drug development and HTA

• How can we combine our current evidence to predict 
Ph3 efficacy for different doses?

• What dose should we pick for phase 3 in order to be 
competitive with other treatments?

• Based on our 26 week study what treatment effects do 
we expect to see at 68 weeks?

• Should we conduct a Phase 3b head-to-head study vs our 
competitor?

• This treatment just published their Phase 2. Should we 
expect them to go to Phase 3 and be competitive?

• The outcome for this treatment is only reported at 60 weeks, 
while others report at 68 weeks. Should we exclude the 
evidence?

• We are also interested in treatment effects at 26 weeks to align 
with HE modeling but comparator X only reports their Ph3 at 
68 weeks. What should we do?

• What treatments effects can we expect after 2 years of 
treatment?

• Should we exclude this dose from the analysis as it is not a 
licensed dose?

• Can we reduce uncertainty for the licensed doses by including 
our Phase 2 data?
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Time-course and dose-response relationships are promising targets for borrowing to reduce evidence gaps

Portfolio Decision Making Indirect Treatment Comparisons for HTA
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What do we add?

• Previous research has provided formulations of time-
course and dose-response as separate model 
formulations

• We build on this work and provide a model-based 
network meta-analysis framework that integrates time-
course and dose-response modeling

• We simulate a trial program including a competitor 
program, and show that our formulation can recover the 
data generating parameters (see paper)

• We illustrate the method on a treatment network for 
weight management
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https://doi.org/10.1002/psp4.12091

https://doi.org/10.1002/jrsm.1351

https://ascpt.onlinelibrary.wiley.com/doi/10.1002/psp4.12091
https://ascpt.onlinelibrary.wiley.com/doi/10.1002/psp4.12091
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A random-effects (exchangeable) NMA for a continuous 
summary measure

• Studies i = 1, …, I 
• Treatments j = 1, …, J (treatment 1 is the reference)
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Model formulation for 2-armed studies

 𝑦𝑖𝑗~𝑁(𝜇𝑖 + 𝛿𝑖𝑗 , 𝑠𝑒𝑖𝑗
2 )

 𝛿𝑖𝑗~𝑁(𝑑𝑗 , τ2)

𝑐𝑜𝑛𝑠𝑖𝑠𝑡𝑒𝑛𝑐𝑦: 𝑑𝑎𝑏 = 𝑑1𝑏 − 𝑑1𝑎; 𝑎, 𝑏 ∈ 2, … , 𝐽 ; 𝑑1 = 0
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Time-course modeling

Model Function: f(.) Parameters

Emax
𝐸𝑚𝑎𝑥

𝑡

exp(𝐸𝑇50) + 𝑡
Emax and log(ET50)

Exponential 𝐸𝑚𝑎𝑥 1 − exp(−exp(𝑘) × 𝑡) Emax and log(k)

Bateman
𝐴

exp(𝑘𝑇)

exp 𝑘𝑇 − exp(𝑘)
𝑒𝑥𝑝 − exp 𝑘 × 𝑡 − exp(𝑘𝑇 × 𝑡

A, log(k) and log(kT)
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t: time in weeks
Positive parameters (i.e. k, kT, ET50) expressed on log scale
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Dose-response Modeling

Model Function: f(.) Parameters

Log-linear 𝛽 × log 𝑑 + 1 β

Linear 𝛽 × d β

Emax
𝐸𝑚𝑎𝑥

𝑑

exp(𝐸𝐷50) + 𝑑

Emax and log(ED50)

Sigmoid 
Emax 𝐸𝑚𝑎𝑥

𝑑𝑛

exp(𝐸𝐷50)𝑛 + 𝑑𝑛

Emax, log(ED50), n>0
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d: Dose in mg
Positive parameters (e.g. ED50) were expressed on a log scale
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Time-course dose-response NMA for continuous summary 
measures

• Extend the standard NMA model to include multiple time points

• Let yij denote a vector of continuous summary measure for study (i = 1,..., I) and arm (j = 1,...,ni) of the time-
course profile (t = [0,...,Tij]), for example % change from baseline in body weight

• We assume that : 
𝐲𝑖𝑗~𝑀𝑉𝑁 𝝁𝑖𝑗 , 𝚺𝑖𝑗  

• µij is the vector of mean outcomes 

• ∑ij is a covariance matrix, with diagonal elements within arm standard errors (seij), off-diagonals are either 
assumed to be 0, or to follow an AR(1) following Pedder, et al. 
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Embedding dose-response in the time-course model

• We put structure on the relationship for the p’th structural parameter ( 𝜃𝑖𝑗
𝑝 ) of the time course :

𝑔 𝜃𝑖𝑗
𝑝

= ቐ
𝜇𝑖

𝑝
 𝑗 = 1 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒

𝜇𝑖
𝑝

+ 𝑓 𝐗𝒊𝒋𝛃 𝑝 , 𝑑𝑖𝑗 + 𝛾𝑖𝑗
𝑝

 𝑗 > 1

• 𝑔 ∙  is a link function, e.g. log(∙)

• 𝜇𝑖
𝑝  is the study specific level for the reference treatment in the ith study

• 𝑓 ∙  is a parametric dose-response function, mapping the treatment doses to relative treatment effects and 𝐗𝒊𝒋 is a design 
matrix, encoding agent specific effects and 𝛃 𝑝  is a vector of agent specific parameters

• The 𝛾𝑖𝑗
𝑝 are random effects Let 𝛄𝑖 be of vector of study specific random effects of length ni-1 x np, where np is the number of 

structural parameters (e.g. 3 for the Bateman model, Table 1). Then, it is assumed:
𝛄𝑖  ~𝑁 𝟎, 𝛀 ⊗ 𝚻𝑖

• Where 𝛀 is an unstructured covariance matrix (np x np) for parameters, 𝚻𝑖 is the known covariance matrix (ni-1 by ni-1) with 1 on 
the diagonal elements and 1/2 on the off-diagonal elements, accounting for correlated random effects in multi-arm studies

• The model is fitted in a Bayesian framework, with model selection suggested by the expected log posterior density (ELPD) 
criterion

29. August 20238
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Application of DT-MBNMA to a 
network of obesity trials

29. August 20239
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An (Illustrative) Application to an Evidence Network of 
Obesity Trials 

Raw Data
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“Complete” Network “Reimbursement” Network
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Model Fitting

• Models:

• Time-course models (T-MBNMA), treating each dose-and-
treatment as independent

• Dose-response time-course models (DT-MBNMA), 
assuming exponential time-course 

• Standard NMA (using only week 68 data)

• Target: EmaxT contrasts for T-MBNMA and DT-MBNMA; 
week 68 treatment contrast for NMA

• Model fit and selection guided by: ELPD, consistency checks 
(UME), between study SD, and posterior predictive checks
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Data: Observed data for 
illustration purposes
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Treatment Contrasts
12
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Summary
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Summary

• We combine dose-response and time-course MB-NMA in a joint 
Bayesian framework

• Permits a richer use of evidence under additional parametric 
assumptions to answer questions of interest to support 
portfolio decision making and HTA:

• Should we go H2H v this competitor?

• How can we reduce uncertainty by using all available 
evidence in our HTA submission?

• Bayesian model-averaging may be an alternative to model 
selection

• Time-course data for competitor is often available from primary 
publications or HA documents
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Tirzepatide Once Weekly for the Treatment of Obesity | New England Journal of Medicine
Mounjaro, INN: tirzepatide

https://www.nejm.org/doi/full/10.1056/NEJMoa2206038
https://www.nejm.org/doi/full/10.1056/NEJMoa2206038
https://www.ema.europa.eu/en/documents/product-information/mounjaro-epar-product-information_en.pdf
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Obesity Data 
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