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Outline

• The current trends in systematic reviews (SR)

• The various types of meta analysis (MA)

• Fixed Effect, Random Effects models

• Aggregate vs individual patient data

• Head to head vs network meta analysis

• Some clarifications to avoid common misconceptions 

and warnings

• Are we fully exploiting SRs and MAs?

• How evidence synthesis can inform new research

• Prognostic models reviews
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How many publications were tagged in PubMed 
as “Systematic Review” in 2018?

~ 100 ~ 1,000

~ 10,000 ~ 25,000



The background

• In PubMed, in 2018, 24,635 publications were tagged as 

systematic reviews

• In 2000 they were 1,489, an annual increase of +1,554%

• We are on the verge of having more systematic reviews than 

trials published annually

• This could be the peak of the iceberg (contractors/vendors 

working with pharmaceuticals)

• How many of them are indeed systematic reviews (and not rapid 

reviews, desk reviews, targeted reviews, literature reviews, 

narratives, commentaries)?

• And what about meta analysis?
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The process of SRs leading to MAs
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Meta Analysis
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Crowley P et al.,  "The effects of corticosteroid administration before 

preterm delivery: an overview of the evidence from controlled trials." 

BJOG: An International Journal of Obstetrics & Gynaecology 97.1 

(1990): 11-25



All-in-one
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Aggregated-data Meta Analysis (Direct Pairwise 

Comparison)

Intervention 

A

Intervention 

B



Fixed effect, Random effects Models
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𝑦𝑖 = 𝜇 + 𝑒𝑖  

𝜇 
𝜇 

𝑦𝑖 = 𝜇 + 𝛿𝑖 + 𝑒𝑖  

𝑒𝑖~𝑁 0, 𝑣𝑖  

𝛿𝑖~𝑁(0, 𝜏2) 



On FE vs RE models

• A “classic” approach: “to take account of the high heterogeneity 

identified (p<0.000001) we have used a random effects model”

• The REM does not explain heterogeneity, it simply incorporates 

it in the pooled estimate

• Different estimates of the between-study variance (ie. Der 

Simonian-Laird vs Hartung-Knapp-Sidik-Jonkman method)

• Apple-and-oranges comparison problem can be exhacerbated

as risk estimates from small studies can be overweighted
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Meta regression
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𝜇 

𝑦𝑖 = 𝜇 + 𝛿𝑖 + 𝛽𝑥𝑖 + 𝑒𝑖  

do not use any quality 

score as a covariate 



Meta regression (2)

• It’s an attempt to describe the (linear) relation between the 

treatment effect and the average study participants characteristics

• Relationships across studies may not reflect relationship within 

studies
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Individual Patient Data MA
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Methods

Meta Analysis

Clinical question 
& data collection

Inclusion of studies 

Individual 
Patient data

2 stage 
approach

1 stage 
approach

Aggregate data

Fixed & 
Random 

Effects MA

• IPD are first analysed separately so the original IPD is reduced to AD for each 

study

• Effects obtained for each study are then synthesized by a suitable model: fixed-

effect model, univariate random-effects (Der Simonian-Laird, etc.) or full bivariate 

model (with true underlying effect of each study arising from a multivariate 

normal distribution)

2-stage



Individual Patient Data MA
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Methods

Meta Analysis

Clinical question 
& data collection

Inclusion of studies 

Individual 
Patient data

2 stage 
approach

1 stage 
approach

Aggregate data

Fixed & 
Random 

Effects MA

• IPD are modelled simultaneously accounting for clustering of subjects within 

studies

• Better use REML estimators – computationally intensive 

• This is best achieved by including a separate intercept (distinct baseline hazard) 

per trial. Intercepts can be drawn from some distribution or, for time‐to‐event 

outcomes, assume baseline hazards proportional across trials

1-stage



Individual Patient Data MA
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Methods

Meta Analysis

Clinical question 
& data collection

Inclusion of studies 

Individual 
Patient data

2 stage 
approach

1 stage 
approach

Aggregate data

Fixed & 
Random 

Effects MA

• A single model allowing the simultaneous analysis of IPD and AD 

data

• A Bayesian approach where the AD pooled treatment effects are 

included as informative priors

Mixture Approach



Scenario

% of statistical significant Pooled Results

CRT analysed without 

considering clustering
CRT correctly analysed

4 studies

(1 CRT)
32.5 25.8

4 studies

(2 CRT)
31.1 24.5

4 studies

(3 CRT)
30.8 20.9

4 studies

(4 CRT)
29.2 16.2

Can we pool across any study design?



Network Meta Analysis (ITC/MTC)

Intervention 

A
Intervention 

B

Intervention 

G

Intervention 

H

Intervention 

D

Intervention 

F

Intervention 

E



Network Meta Analysis

• Comprehensive use of all available (aggregated) data

• Transitivity assumption

• Consistency assumption

• How to report the results? 
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Cipriani et al., Lancet 2009



Surface Under the Cumulative RAnking curve 

(SUCRA) and the uncertainty around ranks
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Efficacy

Acceptability



Rank-Heat plots



Evidence synthesis as a tool for research 

planning

Statistical 
Models

Economic 
Model

Decision 
Analysis

Uncertainty 
Analysis

Research 
Prioritarization & 

Design

Adapted from Minelli C “Value of Information: a tool to improve research prioritarization and reduce waste”. PLOS Med 12(9), 29 Sep 2015

• Estimates relevant population 
parameters

• Varies with the type of available data 
(and statistical approach)

• Primary vs Secondary data analysis

• Combines the parameters to obtain a 
population average measure for costs and 
clinical benefits

• Varies with the type of model adopted, 
data available, PICOSTEPS, statistical 
models

• Summarises the economic model by 
computing suitable measures of CE

• Dictates the best course of actions, given 
current evidence

• Standardised process

• Assess the impact of uncertainty 
(ie. parameters, structures, etc) 
on the economic results

• Mandatory in many jurisdictions 
(ie. NICE)

• Fundamentally Bayesian



Planning a RCT based on a (N)MA

• PICO to identify a coherent (N)MA

• Does the existing evidence base justify the need of a new trial?

• Conditional Power method to calculate sample size of a new RCT

• (Potential) use of real-world evidence

NMA

Fixed 
effect
MA

“Classic” 
Sample Size

Salanti et al., Trials 2018



Final remarks on the use of evidence synthesis 

in the conduct and analysis of a trial

• During the monitoring of a trial observed AE and SAE rates can 

be compared with predictions from pooled available data

• Coming-up results of an on-going trial can be considered in the 

context of a MA/NMA and used to inform the decision to stop the 

trial early

• Prognostic or predictive factors identified through meta 

regression may be used to adjust trial analyses

• External evidence can be used to improve the estimation of 

nuisance parameters often poorly estimated such as ICC in CRT 

and between-centre variability in multicentre trials

• Keep an eye on Living systematic reviews and impact on MAs –

use predictive intervals rather than confidence/compatibility 

ones
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Summarising Prognosis Research
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Overall 
Prognosis

What is the average 
outcome value, or 
outcome risk, in a 

population of 
interest in the 

context of the nature 
and quality of 
current care?

Prognostic
Factors

Which characteristics 
are associated with 

changes in the 
average outcome 
value, or outcome 

risk, across 
individuals?

Prognostic
Models

How can we 
develop, validate, 
and evaluate the 
impact of models 

incorporating 
multiple prognostic 

factors, to predict an 
individual’s outcome 
value or to estimate 
their outcome risk?

Predictors 
of 

treatment 
effect

Which characteristics 
predict whether an 
individual responds 

to a particular 
treatment or not?

From the PROGRESS framework for prognosis research

1 2 3 4



Prognostic Models

• Define the question for reviews of prognosis reviews: PICOTS

• The PROBAST (Prediction model Risk of Bias Assessment 

tool): looking at the bias and applicability

• 4 Domains: Participants, Predictors, Outcome, Analysis
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4.1 Were there a reasonable number of participants with the outcome? 

4.2 Were continuous and categorical predictors handled appropriately? 

4.3 Were all enrolled participants included in the analysis? 

4.4 Were participants with missing data handled appropriately? 

4.5 Was selection of predictors based on univariable analysis avoided?  

4.6 Were complexities in the data (e.g. censoring, competing risks, sampling of controls) accounted for 

appropriately? 

4.7 Were relevant model performance measures evaluated appropriately? 

4.8 Were model overfitting and optimism in model performance accounted for? 

4.9 Do predictors and their assigned weights in the final model correspond to the results from multivariable 

analysis?  

 



Thank you very much for your attention!
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…and thence we came forth to see again the stars
Dante Alighieri, Inferno XXXIV, 139


