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Abstract

Background: Meta-analysis techniques were traditionally used to assess the effectiveness and safety of a treatment through
direct comparison with a single comparator. More recently, network meta-analyses allowed the comparison of multiple
interventions and the incorporation of clinical evidence of direct and indirect comparisons. We consider it relevant to address
the main methodological considerations on this theme because of its topicality.

Objectives: To demonstrate how to perform and interpret a network meta-analysis for indirect and mixed comparisons.

Main topics under analysis: We present some key concepts of a network meta-analysis for indirect and mixed comparisons
and the assumptions for its application. We point out some of the methodological challenges and opportunities for application
of this statistical technique resulting from the theoretical and methodological analysis of articles published in the last 5 years.
Conclusions: The use of indirect and mixed comparisons to increase the statistical power is an essential contribution to the
current meta-analysis techniques, allowing researchers to improve the process of synthesis and health professionals to apply

the best available evidence.

Keywords: meta-analysis; review literature as topic; epidemiologic methods; evidence-based practice

Resumo

Enquadramento: Tradicionalmente as técnicas de meta-andlise serviram
para avaliar a eficicia e seguranga de um tratamento através da comparagio
direta com um tnico comparador. Mais recentemente, as meta-andlises
em rede permitiram estabelecer comparagoes de multiplas intervengoes
e incorporar evidéncia clinica de comparacoes diretas e indiretas. Pela
atualidade do tema consideramos pertinente divulgar as suas principais
consideracoes metodologicas.

Objetivos: Demonstrar como se realiza e interpreta uma meta-andlise em
rede para comparacdes indiretas e mistas.

Principais tOpicos em andlise: Sio apresentados alguns conceitos
fundamentais relativos 4 meta-andlise em rede para comparagoes
indiretas e mistas e os pressupostos da sua aplicacdo. Apontamos alguns
dos desafios metodologicos e oportunidades de aplicagio desta técnica
estatistica, resultantes da andlise tedrica e metodoldgica de artigos
publicados nos Gltimos 5 anos.

Conclusoes: A introducio das comparagoes indiretas e das comparagoes
mistas, que permitem aumentar 0 poder estatistico, apresentam-se
como contributos indispensdveis para as atuais técnicas de meta-andlise,
permitindo aos investigadores incrementar o processo de sintese da
melhor evidéncia disponivel e aos profissionais de saude a sua aplicacao.

Palavras-chave: metanalise; literatura de revisdio como
assunto; métodos epidemioldgicos; pratica clinica baseada
em evidéncias
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Resumen

Marco contextual: Tradicionalmente las técnicas de metaandlisis
sirvieron para evaluar la eficacia y seguridad de un tratamiento a
través de la comparacion directa con un tnico comparador. Mds
recientemente, las técnicas de metaandlisis en red permitieron
comparar multiples intervenciones e incorporar una prueba
clinica de comparaciones directas e indirectas. Debido a su
innovacion, consideramos relevante divulgar sus principales
consideraciones metodoldgicas.

Objetivos: Demostrar como se realiza e interpreta un metaandlisis
en red para comparaciones indirectas y mixtas.

Principales temas en andlisis: Se presentan algunos conceptos
fundamentales relacionados con el metaandlisis en red para
comparaciones indirectas y mixtas y los presupuestos de
su aplicacion. Asimismo, se sefialan algunos de los desafios
metodoldgicos y de las oportunidades de aplicacion de esta técnica
estadistica, que resultan del andlisis tedrico y metodoldgico de los
articulos publicados en los dltimos cinco afos.

Conclusiones: La introduccion de las comparaciones indirectas
y las comparaciones mixtas, que permiten aumentar el poder
estadistico, se presentan como contribuciones indispensables
para las técnicas de metaandlisis actuales, lo que permite, a los
investigadores, incrementar el proceso de sintesis de la mejor
prueba disponible y, a los profesionales de la salud, su aplicacion.

Palabras clave: metandlisis; literatura de revision como

asunto; métodos epidemioldgicos; practica clinica basada en
la evidencia
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Introduction

Systematic reviews use pre-specified and explicit
methods to identify, assess and summarize all
available evidence with the purpose of addressing a
clinical question (The Joanna Briggs Institute [JBI],
2012; Santos & Cunha, 2013; JBI, 2014a). When made
possible by the results of primary studies, systematic
reviews may include a meta-analysis, i.e. a statistical
analysis that allows combining the results from two
or more separate studies (Rodrigues & Ziegelmann,
2010; Li, Puhan, Vedula, Singh, & Dickersin, 2011;
JBI, 2012; Santos & Cunha, 2013; JBI, 2014a). For
decades, systematic reviews have only compared
two interventions (B versus [vs] A), probably due to
the lack of information reported in primary studies
(Catald-Lopez & Tobias, 2013). These reviews are only
allowed for simple meta-analysis, which compared the
effectiveness/safety of two interventions available for
a given condition (Li et al., 2011).

In recent years, new analytical methods were
developed that provide estimates of the relative effect
(comparative effectiveness or safety) of multiple
treatments through indirect comparisons, taking
into account the full network of available studies
(Li et al, 2011). Thus, the network meta-analysis
within a systematic review refers to a meta-analysis
in which three or more treatments are compared
using both direct comparisons of interventions within
randomized controlled trials (RCT) and indirect
comparisons across RCTs based on a common
comparator. These meta-analyzes are usually referred
to in the literature as network meta-analysis, multiple
treatments meta-analysis (MTM) or mixed treatments
comparison meta-analysis (MTC) (Higgins & Green,
2011; Li et al., 2011; Catala-Lopez & Tobias, 2013;
Tobias, Catald-Lopez, & Roqué, 2014).

In this article, we present some key concepts related
to the performance and interpretation of a network
meta-analysis for indirect and mixed comparisons.
To this end, we summarize their methodological
challenges and opportunities for application resulting
from the theoretical and methodological analysis of
articles published in the last five years in this area
of expertise. We specifically address the geometry
of the evidence-based networks, the conditions for
application - principles of transitivity and consistency
- and provide an example of application and
interpretation of the method.
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Thus, this article aims to demonstrate how to perform
and interpret a network meta-analysis for indirect and
mixed comparisons, discussing the potential benefits
of its implementation in the health area.

Development

Although network meta-analyzes are more complex
and may be perceived as more prone to interpretation
errors than traditional analyzes (Jansen & Naci, 2013),
both analyzes present assumptions that, when met,
confer validity. In both methodologies, it is essential,
among other aspects, to define the review question,
specify the eligibility criteria, search for and select
the studies correctly, as well as assess the risk of bias
and the quality of the studies (Li et al., 2011; Mills et
al.,, 2012). In addition, we cannot fail to mention that,
despite being secondary studies, meta-analyzes may
raise doubts regarding the compliance with ethical
and legal principles, particularly in terms of the
accuracy and adequacy of the findings (Li et al., 2011).
The simplest application of a network meta-analysis
for indirect and mixed comparisons consists of
determining if treatment B is better than treatment A,
and if treatment C is better than the same comparator
A, taking into account the lack of studies directly
comparing B and C (Tobias et al., 2014; Figure 1A).
Thus, several statistical methods can be used to
perform indirect comparisons that can combine data
from preliminary studies when these are limited or
simply non-existent (Figure 1B), such as: the Bucher’s
method (Bucher, Guyatt, Griffith, & Walter,1997), also
called the method for adjusted indirect comparisons;
the meta-regression (Bayesian and frequentist
inference approaches); and the hierarchical Bayesian
models based on the Markov chain Monte Carlo
(Catald-Lopez & Tobias, 2013; Tobias et al., 2014). In
this study, we only demonstrate the Bucher’s method
due to its relative simplicity and for being the most
commonly used method in the scientific community
(Catald-Lopez & Tobias, 2013; Tobias et al., 2014).

Mixed comparisons allow combining the estimates
of direct and indirect comparisons, increasing the
statistical power by reducing the confidence interval
and increasing accuracy (Catald-Lopez & Tobias, 2013;
Tobias et al., 2014). However, it should be noted
that this methodology retains the identity of each
intervention and can only be performed when the
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interventions are similar across the primary studies
(Higgins & Green, 2011).
It is also a fact that network meta-analyzes are
particularly suitable to address the main limitations of
systematic reviews of reviews, also referred to in the
literature as overviews of reviews (Higgins & Green,
2011) or umbrella reviews (JBI, 2014b). However, they
also assume that the studies of different comparisons
are similar (Higgins & Green, 2011; Santos & Cunha,
2013). Indirect comparisons are not randomized
comparisons; hence they should not be interpreted as
such. They are essentially the result of the observations
from all the trials and may suffer the biases characteristic
of observational studies (Fronteira, 2013).
In situations in which direct and indirect comparisons
can be performed, any use of indirect comparisons
should complement and not replace the direct
comparisons. Unless there are important limitations in
RCTs, both approaches should be considered separately
and the direct comparisons should prevail as the
basis for drawing conclusions (Catald-Lopez & Tobias,
2013; Tobias et al., 2014). In this process, it is clearly
important that the team of reviewers should include a
reviewer expert in statistics of secondary studies and
predominantly of meta-analysis (Santos & Cunha, 2013).
In terms of statistical software to run network
meta-analyzes, several commercial programs (with
1A 1B

A
(Placebo)

1C

-
=

Source: Adapted from Catald-Ldpez & Tobias (2013, p. 183)

copyright) are currently available, such as STATA and
SAS. Other open source programs are also available,
such as OpenBUGS, WinBUGS, R (Neupane, Richer,
Bonner, Kibret, & Beyene, 2014) or the Excel sheet
created by Tobias et al. (2014).

Geometry of Evidence-Based Networks
Evidence-based  networks — demonstrate  how
treatments are compared. Therefore, each line
connects two or more treatments and its presence
indicates that a direct comparison was performed
in at least one study (Catald-Lopez & Tobias, 2013;
Jansen & Naci, 2013; Catald-Lopez, Tobfas, Cameron,
Moher, & Hutton, 2014).

Figure 1C shows several examples of network
geometry. The simpler networks compare two
interventions (Figure 1C ). The star (Figure 1C ii) and
chain (Figure 1C iii) networks allow making indirect
comparisons between treatments (Catald-Lopez
& Tobias, 2013; Jansen & Naci, 2013; Catald-Lopez
et al., 2014). A classic example of a star network is
when several RCTs have a common comparator (for
example, a placebo). By using this example, we can
establish indirect comparisons for A-C, C-D and A-D
(Figure 1C if). It is worth mentioning that there are
more complex network models (Figure 1C iv) that
require the use of more complex regression models.

1 BCA. direct | 1
BBA, direct
eCEl,im:Iirec: = BCA direct = BBA direct
A B c
(Placebo) [Certolizumab) (
iii
B D

Figure 1. 1A - Example of direct comparisons; 1B - Example of indirect comparisons;
1C - Example of geometry of evidence-based networks.
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Indirect and Mixed Comparisons

Within the scope of a systematic review with meta-
-analysis for direct comparisons aiming at comparing
the effectiveness (effect size @) of treatment B in
relation to treatment A (4B girecs) and treatment
C with the same comparator A (84¢ girecr), and in
the absence of studies directly comparing B and C,
it is possible, namely through the Bucher’s method,
to establish an indirect comparison and obtain an
estimate of the effect size between B and C (0p¢
indirect), designated as adjusted indirect comparison
(Bucher et al.,1997; Hoaglin et al., 2011; Miladinovic,

2A A
{Placebo)
Bnp direct Bac direct
@ - >y
B eBC indirect C
(Certolizumab) (Adalimumab)
Method of calculation :

O5¢ indirect = Oac direct — OaBdirect

With 95% CI: 8p¢ indirect £ 1,96 X s[Opc indirect]

Where: S” (Bacairect] = [(Clupper = Cliower)/3,92)?
52[Bap girect] = [(Clupper — Cligwer) /3,921
5%[B5c indirect]) = S*[Bac airect] + S*[Oap airece

S[85¢ inairece] = V [S2(Oc indirect))

Key:

Hozo, Chaimani, & Djulbegovic, 2014; Tobfas et al,,
2014). This method is described in Figure 2A.

In addition, even when the studies also have direct
comparisons between B and C, it is still possible to
combine direct (B¢ girec) and indirect (03¢ indirect)
comparisons, obtaining a mixed comparison (fpc
mixed; Figure 2B). This mixed comparison, which
is possible through the calculation of its inverse
variance, improves the accuracy of the estimates on
the treatment effects (Bucher et al., 1997; Hoaglin et
al,, 2011; Miladinovic et al., 2014; Tobias et al., 2014).

2B A
(Placebo)
BAB direct eAC direct
b— ———————————————— ——i
B eBC mixed s
(Certolizumab) {Adalimumab)
Method of calculation :

) o)
8 X = | +| 8, T e—|
( BC direct 52 [BM dmﬂ] BC indirect 5z [ﬂzrmdirect]

N )
52 [eEC direct ] 5 ISBCmdir:(l‘l

OB mixea =

With 85% CI: 8¢ mixea T 1,96 X S[05¢ mived]

Where: $2[0p¢ givecd] = [(CL,,

pper = Cliower)/392]

1
52 (B¢ mixea =

) R Crrmeem)
+
(Sz[ﬁﬁcdlracr] S5*[65c indirect)

5[85¢ mixea) = V5% (B5c mixed)]

0 - Effect size in additive scale; 52 - Variance of the effect size; S - Standard deviation of the effect size; Cl - Confidence Interval

Figure 2. Graphic presentation and formulas for indirect (24) and mixed (2B) comparisons.

Adapted from Tobias et al., 2014.

Application Conditions: Principles of
Transitivity and Consistency

Transitivity is a mandatory property (Madan et al,,
2011; Higgins et al, 2012; Catald-Lopez & Tobias,
2013) that assumes that the studies comparing A and
C are not related to B and that the studies comparing
A and B are not related to C, considering that there
is no comparison between B and C. Interpretatively,
we can say that if treatment B is hypothetically better
than A and if A is better than C, then we can presume
that B is better than C (Catald-Lopez & Tobfas, 2013;
Catald-Lopez et al., 2014; Tobias et al., 2014).

As it is an observational analysis, there should be no
differences in relation to the distribution of the effect
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modifiers across the analyzed studies, particularly
regarding the participants (age, comorbidities...),
the intervention (form of administration, dosage,
follow-up...), the comparator or the outcome
(Santos & Cunha, 2013; Tobias et al., 2014).

Inaddition to transitivity, there should be a concordance
between the evidence resulting from direct and
indirect comparisons. This property is defined as
consistency and aims at confirming that  @¢ girect
is equal or similar to @p¢ indirecr- One of the methods
used to quantify this association is the inconsistency
factor (IF= Opc direct - OBC indirect) to Which a Z
value and confidence intervals are assigned to check if
there is statistical significance in the null hypothesis of

How to Perform and Interpret a Network Meta-Analysis for Indirect and Mixed
Comparisons: Key Methodological Strategies

136



consistency (IF=0; Bucher et al., 1997; Higgins et al,,
2012; Catald-Lopez & Tobias, 2013; Tobias et al., 2014).
Although  these properties  (transitivity —and
consistency) are mandatory conditions for indirect
comparisons and network meta-analyzes, it should
be noted that, when performing the synthesis of
evidence, it is essential to assess heterogeneity
between the studies included (variability or differences
between studies in the effect estimates). There are
three types of heterogeneity: statistical heterogeneity
(variation between the results of the studies that
leads to differences in the results), methodological
heterogeneity (differences in the designs of the studies
included) and clinical heterogeneity (differences
between the characteristics of the studies; JBI, 2012;
Santos & Cunha, 2013; JBI 2014a).

To determine the existence of heterogeneity, we can
use Cochran’s Q test and the I2 statistics of Higgins
and Thompson (Higgins & Green, 2011). The Q-test
assumes that there are no differences in the findings
of primary studies - null hypothesis - and, if this is
confirmed, the studies are considered homogeneous
(p>0.05; Rodrigues & Ziegelmann, 2010; Higgins &
Green, 2011; Santos & Cunha, 2013). The I* statistics
varies between negative values and 100%: I* values
close to 0% indicate no heterogeneity, close to 25%
indicate low heterogeneity, close to 50% indicate
moderate heterogeneity, and close to 75% indicate
high heterogeneity (Rodrigues & Ziegelmann, 2010;
Higgins & Green, 2011; Santos & Cunha, 2013).

Practical Example
To more clearly and objectively illustrate the above
mentioned concepts, we considered a fictitious

example of a systematic review with meta-analysis
seeking to assess the effectiveness of biological drugs
(or biopharmaceuticals) in the treatment of rheumatoid
arthritis, specifically comparing Adalimumab and
Certolizumab. In the review process, four RCTs were
selected that compare the effectiveness of Adalimumab
against a placebo (RR=0.88; 95% CI=0.60-1.1)
and seven RCTs that compare the effectiveness
of Certolizumab against a placebo (RR=12; 95%
CI=0.71-77). No primary studies were found that
directly compare the effectiveness of Adalimumab
with that of Certolizumab. It should be noted that we
used the same comparator and intervention (form
of administration, dosage, follow-up...), and that
the comparison B vs A related to the Adalimumab vs
placebo and that the comparison C vs A related to the
Certolizumab vs placebo. We emphasize that, prior to
the process which we illustrate, the researchers had to
first calculate the meta-analyzes of direct comparisons
using specific statistical software (for example, RevMan,
MASTARI-JBI, STATA, among others).

In view of these conditions, we could assume the
presence of the principle of transitivity and calculate
the indirect comparison between both treatments
(Adalimumab vs Certolizumab).

In this example, we used the Excel sheet created
by Tobias et al. (2014), available online at http://
metaanalisisenred.weebly.com/excelhtml  or  at
http://www.cochrane.es/?q=es/elaborar RS.

After opening the worksheet (Figure 3), the
researchers must choose the effect size that they
previously used to calculate the direct comparisons,
which, in our case, was the relative risk (RR) in the
column of binary outcomes.

INDIRECT & MIXED TREATMENT COMPARISONS CALCULATOR ‘

EFFECT SIZE TO BE USED

Binary outcomes
Risk Difference

Relative Risk

Odds Ratio

Hazard Ratio

Continuous outcomes
Mean Difference |

Standardised Mean Difference |

Version 1.0.1  7th October 2013

Figure 3. Main menu of the Excel sheet.
Then, the researchers must manually enter the data

(relative risk and respective confidence intervals)
relating to the above mentioned direct comparisons

EDUARDO JOSE FERREIRA DOS SANTOS et al.

(B vs Aand C vs A), and the indirect comparison is
automatically calculated (Figure 4).
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CALCULATOR FOR INDIRECT COMPARISONS (for relative effects)

95% ClI
Direct comparisons Effectsize  Lower Upper
Avs B (BIA) [ 088 0,60 1,10 |
Avs C (CIA) | 120 0,71 177 |
95% CI
Indirect Effect size  Lower Upper z p
Bvs C (C/B) [ 1,36 0,79 2,36 1,11 0,2674 |
Cvs B (BIC) | 073 0,42 1,27 1,11 0,2674 |

Figure 4. Screen with the results of indirect comparisons.

The results of the indirect comparison showed the two
possibilities of comparisons (B vs C and C vs B). The
first comparison (Adalimumab vs Certolizumab) had
a relative risk of 0.36 points above 1 (RR=136; 95%
CI=0.79-2.36), whereas the second comparison - inverse
-had a relative risk of 0.27 points below 1 (RR=0.73; 95%
C1=0.42-127). In addition, no statistically significant
difference was found in any of the comparisons (Z=1.11;
p=0.2674), which was possible to identify from the start
since the confidence intervals (95% CI) include the value
1 between its upper and lower limit.

In the same example, but assuming that the
review process included three RCTs that directly

compared the effectiveness of Adalimumab with
the effectiveness of Certolizumab  (assuming
RR=0.81; 95% CI=0.51-1.21), we are able to use
mixed comparisons to improve the accuracy of the
results. To this end, we must manually enter the data
(RR and respective 95% CIs) relating to direct and
indirect comparisons, and the mixed comparison is
automatically calculated (Figure 5). Regarding this
procedure, the researchers should pay particular
attention to the comparisons that are introduced,
observing the order of the treatment and the
treatment that is used as comparator so as to avoid
statistical errors.

CALCULATOR FOR MIXED COMPARISONS (for relative effects)

95% CI
Avs B (BIA) Effect size Lower Upper
Direct comparison| 0.1 0.51 1.21 |
Indirect comparison| 0,73 0,42 121 |
95% CI
A vs B (BIA) Effect size Lower Upper 4 P
Mixed comparison| 0,78 0,55 1,09 1,44 0,1499 |
95% CI
IF Lower Upper z P
y factor 1,11 0,55 2,24 0,29 0,7715 |

Figure 5. Screen with the results of mixed comparisons.

The results obtained through the mixed comparison
generate new evidence and allow reducing the
confidence intervals (improving accuracy). The
results (Figure 5) showed that there was a lower risk
in relation to the direct comparison in users treated
with Adalimumab than with Certolizumab (RR=0.78;
95% CI=0.55-1.09), although without statistical
significance  (p>0.05; z=-144; p=0.1499). We
would still have to critically analyze the inconsistency
factor, which is also automatically calculated using the
worksheet (IF=1.11; 95% CI=0.55-2.24). The result
indicates that we cannot reject the null hypothesis
(H, — Comparisons are inconsistent) as there are
no statistically  significant  differences  (z=0.29;
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p=0.7715). Thus, we can assume that the mixed
comparison is consistent (the principle of consistency
is preserved).

Conclusion

This article describes the basic aspects inherent to the
methodologies of indirect comparisons through the
Buchers” method and mixed comparisons. There are
also other statistical methods to take into account that
were not addressed throughout this study for editorial
reasons, such as meta-regression and multivariate
meta-analysis. These methods would require more

How to Perform and Interpret a Network Meta-Analysis for Indirect and Mixed
Comparisons: Key Methodological Strategies

138



advanced statistical software (for example, Stata or R).
Network meta-analyzes are potentially relevant
because they allow providing information in situations
in which the primary evidence is scarce or inexistent,
as well as providing more accurate effect estimates.
Although some limitations to this methodology can
be found in the literature, namely those related with
the effect size of the calculated statistical estimate
(upper or lower) or the fact that it can lead to biases
(due to the diversity of methods and interpretations),
a set of conditions, principles and procedures was
identified whose compliance helps to overcome
these limitations by providing valid and replicable
results.

In conclusion, we believe that indirect and mixed
comparisons are key contributions to the current
meta-analysis techniques, allowing to increase the
process of synthesis of the best available evidence and
to assist in decision-making.
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