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Ideally, clinicians would like to know how all the 
different options rank against each other and how big 
the differences are between all the available options. 
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Network of experimental comparisons



Network of experimental comparisons



Network of experimental comparisons



Network of experimental comparisons



q Comprehensive use of all available data (direct 
evidence + indirect evidence)

q Comparison of interventions which haven’t been 
directly compared in any trial

q Improved precision for each comparison 

q Ranking of many treatments for the same 
condition 

Advantages of NMA



Ranking measures from MTM

q Estimate for each treatment the 
probability to be the best







Heterogeneity?
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Assumption underlying indirect/mixed 
comparison
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Transitivity

Validity of results depends on transitivity of 
treatment effects across trials making different 

treatment comparisons

advantage of C over B =
advantage of C over A - advantage of B over A

The underlying assumption when μΙ
BC is calculated is that we can 

learn about B versus C via A.



Transitivity
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….but we can evaluate clinically and epidemiologically its 
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Sometime it is an untestable 
assumption



Ways of looking at transitivity... (1)
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Ways of looking at transitivity... (1)
o Note that transitivity is violated when the anchor treatment 

differs systematically between trials (not randomly)

o Random differences may lead to excess heterogeneity

o But systematic differences correspond to intransitivity

o Consequently, the definition of the nodes in the treatment 
network is a challenging issue with important implications for 
the joint analysis

o Eg. should we include a single placebo node to the network, 
or a placebo toothpaste and a placebo rinse?
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Ways of looking at transitivity... (3)
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Make sure that AC and AB trials do 
not differ with respect to the 
distribution of effect modifiers

But

• Difficult to defend when you have 
older and newer treatments

• It is not always possible to know 
whether a variable is a prognostic 
factor, an effect modifier or neither

• Variables are often unobserved
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Ways of looking at transitivity... (3)

• This formulation facilitates evaluation of the transitivity 
assumption. 
üCheck distribution of effect modifiers of the relative 

treatment effects in AC and AB trials
• Clinicians and methodologists that aim to synthesize 

evidence from many comparisons should identify a priori 
possible effect modifiers and compare their distributions 
across comparisons. 
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Ways of looking at transitivity... (4)
• All treatments are “jointly randomizable”
• One can think of a mega-trial including all treatments
• This consideration is a fundamental one and should be 

addressed when building the evidence network
• The assumption of transitivity could be violated if 

interventions have different indications. 
q Ex: treatment A is a chemotherapy regimen administered 

as a second line treatment, whereas treatments B and C 
can be either as first or second line

q we cannot assume that participants in a BC trial could 
have been randomized in an AC trial! 
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Transitivity – key points

• Each treatment in the network pertains to a ‘fixed’
definition independently of its comparator.

• A mega-trial could be performed
• All patients in the identified studies could in principle 

receive any treatment
• All sets of trials grouped by comparison are similar with 

respect to the distribution of effect modifiers
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Checking for consistency provides a way for 
checking the transitivity assumption!



Consistency
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Inconsistency
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Statistical consistency
• Consistency is a property of a ‘closed loop’ (a path that starts 

and ends at the same node) or ‘cycle’ (as in graph theory)
• By definition, there can be no (in)consistency in open loops

• Global and local inconsistency
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What to do when statistically significant 
inconsistency is found?
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Action Heterogeneity Inconsistency 

Check the 

data

Studies that ‘stand out’ in the 

forest plot are checked for data 

extraction errors

Using simple loop inconsistency you can identify 

studies with data extraction errors. Inconsistency 

in loops where a comparison is informed by a 

single study is particularly suspicious for data 

errors.
Try to 

bypass  

There is empirical evidence that 

some measures are associated 

with larger heterogeneity than 

others (Deeks 2002;

Friedrich et al. 2011)

Empirical evidence suggests that different effect 

measures of dichotomous outcomes does not 

impact on statistical inconsistency (Veroniki et al. 

2013)



36

Action Heterogeneity Inconsistency 

Resign to it Investigators may decide not to 

undertake meta-analysis in the 

presence of excessive 

heterogeneity

Investigators may decide not to synthesize 

the network in the presence of excessive 

inconsistency

Encompass it Apply random-effects meta-

analysis

Apply models that relax the consistency 

assumption by adding an ‘extra’ loop-

specific random effect (Higgins et al. 2012, 

Lu & Ades 2006)*. 
*However, as random effects are not a remedy for excessive heterogeneity and should be applied only for 
unexplained heterogeneity, inconsistency models should be employed to reflect inconsistency in the results, not to 
adjust for it. 

What to do when statistically significant 
inconsistency is found?



What to do when statistically 
significant inconsistency is found?
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Action Heterogeneity Inconsistency 

Explore it Use pre-specified variables 

in a subgroup analysis or 

meta-regression

Split the network into subgroups or use network 

meta-regression to account for differences 

across studies and comparisons. Specify the 

variables in the protocol, including bias-related 

characteristics.  
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• Coherence, similarity or exchangeability are also used as a 
term for (what we described as) transitivity

• Consistency is sometimes used to describe both the 
assumption and the statistical disagreement between direct 
and indirect evidence

• And also mixed treatment comparisons (MTC), multiple 
treatments meta-analysis (MTM) are used instead of 
network meta-analysis

Unfortunately NMA terminology in the literature 
has not been yet completely harmonized

Beware of difference in terminology



Summary
• Transitivity refers to the validity of the indirect comparison and can be 

evaluated conceptually. It is a key assumption underlying NMA
• Statistical evaluation of the consistency can take place in a closed loop 
• Care is needed when interpreting the results of a consistency test as 

issues of heterogeneity and power may limit its usefulness
• Conceptual evaluation of the transitivity assumption should include 

ü Checking for effect modifiers that differ across comparisons
ü Checking the definition of each node/treatment 
ü The concept of a mega-trial
ü Each patient can in principle receive every treatment in the network
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