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Background 

Decision-making about multiple alternative healthcare interventions often considers network meta-analysis (NMA) 

summaries1,2. NMA is the extension of conventional pairwise meta-analysis that allows comparing simultaneously 

three or more interventions for the same outcome. Applications of NMA surge in medical literature with a steep 

increase in the number of publications after 20053,4. Despite the rapid methodological development occurred in the 

field over the last decade5 it remains challenging to reassure that assumptions are met for a network of 

interventions under consideration. The fundamental assumption of ‘transitivity’ implies that interventions are 

transitive enough to allow valid indirect inference (i.e. it is valid to go from B to C via A considering that 

BvsC=BvsA-CvsA) and comparisons under investigation do not differ systematically with respect to population and 

study characteristics acting potentially as effect modifiers6,7. Hence, it is evident that the larger the network the 

more difficult to defend transitivity; larger networks however are desirable since they are usually more powerful 

to answer clinicians’ and patients’ questions. 

The optimal point in the trade-off between increasing the amount of information and decreasing the possibility for 

acquiring a coherent database in NMA is a crucial issue that needs investigation8. An illustrative example is the 

case of placebo which is often included in NMAs due to the numerous placebo-controlled trials existing in most 

medical fields. However, combining placebo-controlled with head-to-head trials can sometimes be a threat to 

transitivity; a possible explanation is the fact that participants tend to have lower expectations in trials including 

placebo and this might affect their outcome9. Figure 1 shows how such a situation would render invalid the indirect 

and consequently the NMA results.  

 

Similar concerns apply for the inclusion of old treatments that have been evaluated only in early trials and are not 

used in clinical practice any more. For example, in a recent NMA comparing treatments for lung cancer10 some of 

the interventions (e.g. topotecan and vinorelbine), although known for not being sufficiently efficacious, were 

included in the network to provide additional indirect evidence.  Such interventions are often called ‘supplementary 

interventions’ as they are used to supplement the analysis. However, the usefulness of this type of interventions in 

practice is still questionable. 

 

Although ways of checking transitivity do exist11, the required data are often unreported or unobserved and the 

issue is mainly tackled by relying on the clinical expertise of the investigators or on post-hoc sensitivity analyses. 

The latter approach is quite problematic, though, given that comparing results between networks with different 



structure is not straightforward. On the other hand, even very experienced clinicians are often uncertain on 

whether the inclusion of supplementary interventions, i.e. interventions not of direct interest, would be 

appropriate and therefore they tend to follow a more inclusive approach. 

To date, there is no large-scale evaluation of the actual impact of such interventions on the assumptions and the 

results of NMA, which would assist researchers forming a network as large as possible with low risk for 

intransitivity. It is also possible that this impact differs according to the medical field, the type of outcome and 

other characteristics that need investigation. In addition, methods that allow modelling the relation between 

increasing the amount of information and decreasing the coherence of the network need to be developed as clinical 

opinions are subjective to some extent.  

 
Figure 1. Hypothetical example of a network of interventions where the combination of head-to-head and placebo-

controlled trials introduces intransitivity (A,B and C are different active drugs) 

 

Objectives 

The aim of this Thesis is to develop new statistical tools that will assist researchers deciding upon the optimal 

network structure to properly address their clinical questions. Specifically,  

a) we will identify areas where the inclusion of placebo can materially threaten the validity of NMAs and we will 

relate the contribution of placebo-controlled trials in the estimation to the risk for violating the assumptions 

(project 1) 

b) we will evaluate the comparability of trials evaluating older and newer interventions and whether the inclusion 

of interventions not used in practice can indeed benefit the analysis without threatening the validity of results  

(project 2).  

c) we will also develop methodology to model this trade-off relationship and find optimal points (project 3)    

Based on our findings from the two first projects we will form recommendations for future NMAs with similar 

characteristics, while the last project will be a useful decision-tool to NMA authors. 

 

Data sources 

A large database of 456 published NMAs is readily available and it is currently under extension to include more 

recent networks. This database will be used to run the empirical projects as well as to choose appropriate case 

studies. 

 

Methods 



The Thesis will be undertaken in two main axes; two empirical analyses addressing the most frequent sources of 

uncertainty in forming the network as well as development of new tools to provide practical solutions to meta-

analysts. 

Project 1: The first empirical study will focus on the evaluation of the impact of including placebo on NMA results 

as well as on the assumptions underlying NMA. For this purpose, we will run standard NMA for each network with 

and without placebo and we will compare the results across the two analyses. In the presence of important 

discrepancies, we will calculate the contribution of placebo-controlled studies in the network estimates using the 

‘contribution matrix’ approach12,13. We will attempt to form an empirical trade-off distribution by medical field, 

type of outcome, etc. 

Project 2: At a second stage, we will select the five medical fields with the largest number of published NMAs. For 

each field, we will contact clinical experts to define which interventions are considered as ‘old’ and not of clinical 

interest. This procedure will be blinded with respect to all characteristics other than the list of interventions of 

the networks. Subsequently, we will follow a similar analysis plan with project 1 for those interventions indicated 

by the experts and we will draw separate empirical distributions as their mechanisms are expected to be different 

than that of placebo.  

Project 3: Finally, we will use existing trade-off methodology applied in other areas of research (such as cost-

effectiveness analysis) to fully model the general relationship between the two trade-off components of suspicious 

interventions. The empirical distributions obtained from projects 1 and 2 will be used to form prior information in 

the final model.           
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Timeline 

- Semester 1: Identification of networks eligible for project 1 and project 2, contact with clinical experts to 

define ‘old’ treatments/studies 

- Semester 2: Analyses for project 1 and preparation of the article 

- Semester 3: Analyses for project 2 and preparation of the article 

- Semester 4: Development of methods to model the relationship between increasing the data of the network and 

the risk for intransitivity 

- Semester 5: Preparation of the third article 

- Semester 6: Writing of the Thesis and defense 

 

Anticipated articles 

1. A methodological paper evaluating the trade-off relationship in networks including placebo 

2. A methodological paper evaluating the trade-off relationship in networks including interventions that appear only 

in old trials 

3. A methodological paper fully modelling this relationship 
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