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Disclosures 
• In my dreams I am the CEO of MMM (Make 

More Money, Inc.) 

• My company has successfully developed a new 
drug that is probably a big loser, but I want to 
make big money  

• At best, the new drug may be modestly effective 
for one or two diseases/indications for one among 
many outcomes (most of them irrelevant to 
patients) 

• If I test my drug in a study, even for this one or 
two indications, it may seem not to be worth it 

• But still, I want to make big money 

• What should I do? 

 



The answer 
• Run many studies with many outcomes on each of many different 

indications 

• Ideally run trials against placebo (this is the gold standard for 
regulatory agencies) or straw man comparators, but registry 
studies or even electronic records would do, if need be 

• Test 10 indications and 10 outcomes for each, just by chance you 
get 5 indications with statistically significant beneficial results 

• A bit of selective outcome and analysis will help present 
“positive” results for 7-8, maybe even for all 10 indications  

• There are systematic reviewers out there who will perform a 
systematic review based on the published data SEPARATELY 
for each indication proving the drug works for all 10 indications 

• With $ 1 billion market share per approved indication, we can 
make $ 10 billion a year out of an (almost) totally useless drug   



We probably all agree 

• It is stupid to depend on the evidence of a 

single study 

 

• when there are many studies and a meta-

analysis thereof on the same treatment 

comparison and same indication 



Similarly 

• It is stupid to depend on a single meta-analysis 

 

• when there are many outcomes 

• when there are many indications the same 

treatment comparison has been applied to 

• when there are many other treatments and 

comparisons that have been considered for each of 

these indications  



Network definition 

• Diverse pieces of data that pertain to research 

questions that belong to a wider agenda 

• Information on one research question may 

indirectly affect also evidence on and inferences 

from other research questions 

• In the typical application, data come from trials on 

different comparisons of different interventions, 

where many interventions are available to 

compare 



Size of each node proportional to the 

amount of information (sample size) 
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Figure 2a 

A network offers a wider picture than a single 

traditional meta-analysis: e.g. making sense of 700 

trials of advanced breast cancer treatment  

Mauri et al, JNCI 2008 



Size of each node reflecting the year of 

first publication 
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Figure 2b 

Focusing on what is most recent in the market 



Main types of network geometry 

Salanti, Higgins, Ades, Ioannidis, Stat Methods Med Res 2008 
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Diversity and co-occurrence 

• Diversity = how many treatments are 

available and have they been equally well 

studied 

• Co-occurrence = is there preference or 

avoidance for comparisons between specific 

treatments 

Salanti, Kavvoura, Ioannidis, Ann Intern Med 2008 



Diversity: PIE (probability of interspecific encounter = 

probability that two randomly selected treatment groups 

(without replacement) belong to two different treatments) 

PIEmax varies according 

to the number of studies, 

e.g.  

0.818 with 6 studies, 

0.771 with 18 studies, 

0.761 with 36 studies 



Co-occurrence 

 
Checkerboard units 











Homophily 

• OΜOΦΙΛΙΑ = Greek for “love of the same” = 

birds of a feather flock together 

• Testing for homophily examines whether 

agents in the same class are disproportionately 

more likely to be compared against each other 

than with agents of other classes.  



For example: Antifungal agents 

agenda 

• Old classes: polyenes, old azoles 

• New classes: echinocandins, newer azoles 



Rizos et al, J Clin Epidemiol, 2010 





 

• Among polyene and azole groups, agents were 

compared within the same class more often than 

they did across classes (homophily test p<0.001 

for all trials).  

• Lipid forms of amphotericin B were compared 

almost entirely against conventional amphotericin 

formulations (n=18 trials), with only 4 

comparisons against azoles.  
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• There was strong evidence of avoidance of 

head-to-head comparisons for newer agents. 

Only one among 14 trials for echinocandins 

has compared head-to-head two different 

echinocandins (p<0.001 for co-occurrence). 

Of 11 trials on newer azoles, only one 

compared a newer azole with an 

echinocandin (p<0.001 for co-occurrence).  
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Auto-looping 
Design of clinical research: an open world or isolated city-states (company-states)? 

Lathyris et al., Eur J Clin Invest, 2010 



Synthesis of the network evidence 

(multiple-treatment meta-analysis) 

• Incoherence 

• Summary effects 

• Ranking 

• Bias modeling 



Credible intervals and predictive 

intervals in network meta-analysis 

Salanti, Ades, Ioannidis, JCE, 2011 



Posterior distributions of effects and corresponding 

predictive distributions of effects 

JCE, 2011 



Cumulative ranking probability 



Probability of not being worse than 

threshold t from the best treatment 



Modeling bias 





Changes in 

cumulative 

ranking  



Reversing the paradigm 

Design networks prospectively 

– Data are incorporated prospectively 

– Geometry of the research agenda is pre-

designed 

– Next study is designed based on enhancing, 

improving geometry of the network, and 

maximizing the informativity given the network 

 



This may be happening 

already?  

 

 

 

 

Agenda-wide meta-analyses 

BMJ 2010 



Anti-TNF agents: $ 10 billion  and 43 meta-analyses, 

all showing significant efficacy for single indications 
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1200 (and counting) clinical trials of 

bevacizumab 
 



Fifty years of research with 2,000 trials: 

9 of the 14 largest RCTs on systemic steroids 

claim statistically significant mortality benefits 

Contopoulos-Ioannidis and Ioannidis EJCI 2011 



Trial networks for neglected  

tropical diseases (burden: 1 billion people) 
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Kappagoda and Ioannidis, submitted 



What the next study should do? 

 

• Maximize diversity 

• Address comparisons that have not been addressed 

• Minimize co-occurrence 

• Break (unwarranted) homophily 

• Be powered to find an effect or narrow the credible or 
predictive interval for a specific comparison of interest 

• Maximize informativity across the network (entropy 
concept) 

• Some/all of the above 

 

 



Maximizing entropy change in 

medical studies 
The information gain (entropy change) from a new study is given by  

 

DKL(p’||p) =  w’log(w’/w) + (1-w’)log((1-w’)/(1-w)) + 
w'DKL(N(μ',σ‘^2)||N(μ,σ^2))   

 

The Kullback–Leibler divergence between the two normal distributions is given 
by   

 

DKL(N(μ',σ‘^2)||N(μ,σ^2)) = (μ' – μ)2 / 2σ^2 + ½ (σ‘^2/σ^2 – 1 – log(σ‘^2/σ^2))   
    

 

In case the major objective is to distinguish between a zero and a non-zero effect, 
the information gain of a result simplifies to   

 

DKL(p’||p) =  w’log(w’/w) + (1-w’)log((1-w’)/(1-w))         



Optimization function for the importance of a future 

study, taking into account the relative values of a 

TN, TP, FP, FN 

 

Some simple situations: 

• Additive model with equal value assigned for TP, 

TN, FP, FN: F(opt)= (-2βP-α+αP+P+1-P-α+αP)  

• Additive model with no value for true negatives:  

 F(opt)=P-2βP-α+αP 

• Additive model, at least one discovery is essential 

to make: F(opt)=(P-2βP-α+αP)(1-β^Ω)  

 



Additive optimization model for 

small randomized trial 



Additive optimization model for 

large randomized trial 



Meta-analysis=primary type of 

prospective research 

We need to think about how to design 

prospectively large agendas of randomized 

trials and their respective networks for 

questions that are important to patients and 

can make a difference in their lives 

 


