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SUMMARY

Background: Systematic reviews provide a structured
summary of the results of trials that have been carried out
on any particular subject. If the data from multiple trials
are sufficiently homogenous, a meta-analysis can be
performed to calculate pooled effect estimates. Traditional
meta-analysis involves groups of trials that compare the
same two interventions directly (head to head). Lately,
however, indirect comparisons and network meta-
analyses have become increasingly common.

Methods: Various methods of indirect comparison and
network meta-analysis are presented and discussed on
the basis of a selective review of the literature. The main
assumptions and requirements of these methods are
described, and a checklist is provided as an aid to the
evaluation of published indirect comparisons and network
meta-analyses.

Results: When no head-to-head trials of two interventions
are available, indirect comparisons and network meta-
analyses enable the estimation of effects as well as the
simultaneous analysis of networks involving more than
two interventions. Network meta-analyses and indirect
comparisons can only be useful if the trial or patient
characteristics are similar and the observed effects are
sufficiently homogeneous. Moreover, there should be no
major discrepancy between the direct and indirect
evidence. If trials are available that compare each of two
treatments against a third one, but not against each other,
then the third intervention can be used as a common
comparator to enable a comparison of the other two.

Conclusion: Indirect comparisons and network meta-
analyses are an important further development of tradi-
tional meta-analysis. Clear and detailed documentation is
needed so that findings obtained by these new methods
can be reliably judged.
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R eviews are often used in medical research to
collate, evaluate, and summarize the evidence on
a particular clinical question systematically and trans-
parently (1). To compare exactly two interventions, the
results of available head-to-head trials (often ran-
domized controlled trials) are quantitatively summar-
ized in a meta-analysis (1-3). However, this approach
becomes problematic when there are no head-to-head
trials comparing the two interventions, or when more
than two interventions need to be compared with each
other simultaneously. For comparison of newer antico-
agulants in patients with atrial fibrillation, for example,
although there are trials directly comparing each of the
newer drugs with the current standard treatment (warfa-
rin), there are none that compare two of the newer anti-
coagulants with each other directly (4). Another
example is the research of various prostaglandins to in-
duce labor. Here, 14 interventions can be compared with
each other. Rather than using numerous separate pairwise
comparisons, it is preferable to perform a combined
data analysis (5). Cases such as these require procedures
for indirect comparison or network meta-analysis.

Since 2009, indirect comparisons and network
analyses have become increasingly important (6). In
addition to the well-known PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses) statement (7, 8), a guideline has also been
compiled for the publication of systematic reviews in-
corporating network meta-analyses (9).

This article aims to describe the underlying assump-
tions and methods used in indirect comparisons and
network meta-analyses and to explain what evaluation
of such publications should include.

Methods

Below is an explanation of the various terms, essential
statistical procedures, and assumptions made for indi-
rect comparisons and network meta-analyses. A
selective search of the literature was performed for this

purpose.

Terms

As yet there is no single term in the literature for the
various methods used to perform indirect comparisons
(10). In this article, as in (11), the expression “methods
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Adjusted indirect comparison according to
Bucher et al. (13)

The effect of intervention B relative to intervention A can be estimated indirectly
as follows, using the direct estimators for the effects of intervention C relative to
intervention A (effect,) and intervention C relative to intervention B (effecty):

The variance of the indirect estimator effect, is the sum of the variances of the
direct estimators:

The corresponding two-tailed 95% confidence interval can thus be calculated as

follows:

[eﬁ‘ectAB = Zy 475 % \/variance g, effect,g + Z; 975 \/varianceAB]

Zy 475 here refers to the 97.5% quantile of standard normal distribution, which
gives a rounded value of 1.96.

effect, = effect, — effecty;

variance g = variance, + variancegg

for indirect comparison” in the broader sense includes
both procedures used for simple indirect comparisons
of two interventions and those used to compare more
than two interventions and/or to combine direct and in-
direct evidence. For the latter case, the terms “mixed
treatment comparison meta-analysis,” “multiple treat-
ment meta-analysis,” and “network meta-analysis” are
used in the literature (10). It seems sensible to use the
term “network meta-analysis” when more than two in-
terventions are to be compared with each other. Indirect
comparison in the narrower sense is the synthesis of
purely indirect evidence concerning two interventions.

Statistical procedures

The general scientific consensus is that it is inappropri-
ate to use nonadjusted indirect comparisons in which
findings from individual arms of different trials are
naively compared with each other without taking ran-
domization into account (11, 12). This article therefore
describes only procedures for adjusted indirect com-
parisons which further analyze, for example, the effects
estimated in the trials.

If there is no evidence available from head-to-head
trials comparing two interventions, but trials comparing
each of the interventions of interest with the same com-
parator (e.g. a placebo) have been conducted, the
method of adjusted indirect comparison as described by
Bucher et al. (13) is appropriate.

Part (a) of the Figure shows the simplest case of a
network with three interventions, A, B, and C. The lines
represent head-to-head trials. The findings of the head-
to-head trial of A and C, and of a second head-to-head
trial of B and C, can be used to compare interventions A

and B with each other indirectly. Intervention C is
therefore the common comparator of the two interven-
tions of interest (the common comparator). The effect
of intervention B relative to A can be estimated indi-
rectly for absolute effect measures (e.g. differences
from the means, differences in risk) using the method
put forward by Bucher et al. (13), as shown in Box 1.
For relative effect measures (e.g. odds ratio, relative
risk), it has to be taken into account that this additive
relation holds true only on a logarithmic scale. The
variance of the indirect estimator is the sum of the
variances of the two direct estimators. The method
described by Bucher et al. (13) can also be used for
star-shaped networks (part [b] of the Figure) if only
two-armed trials are available. If more than one trial
comparing two particular interventions is available, the
trials are first synthesized in a meta-analysis, and the
corresponding estimator and its variance are used.

For more complex networks (part [c] of the Figure), the
method put forward by Bucher et al. (13) becomes in-
creasingly difficult and ultimately impossible to use (10),
as it is unsuitable for combining evidence from direct and
indirect comparisons or for multi-armed trials. In these
cases, more complex models must be used in the frame-
work of network meta-analysis. Network meta-analyses
provide effect estimates for all possible pairwise compari-
sons within the network. To do this, the available direct
and indirect evidence is combined simultaneously for
every pairwise analysis. Data analysis can be performed
using either a frequentist or a Bayesian approach (14).
Various aspects can be particularly important, depending
on the choice of procedure. If Bayesian methods are used,
the choice of prior information in the form of a priori
distributions plays a particularly vital role.

Basic assumptions
Underlying all indirect comparisons are three basic
assumptions. The first two also apply to pairwise meta-
analysis.
® Firstly, all the trials included must be comparable
in terms of potential effect modifiers (e.g. trial or
patient characteristics) (assumption of similarity).
® Secondly, there must be no relevant heterogeneity
between trial results in pairwise comparisons (as-
sumption of homogeneity).
® Thirdly, there must be no relevant discrepancy or
inconsistency between direct and indirect evi-
dence (assumption of consistency).

Assessment of published indirect comparisons and network
meta-analyses

The essential issues to bear in mind when evaluating
published indirect comparisons and network meta-
analyses are described below. In part, these necessarily
overlap with the criteria for evaluating systematic
reviews containing traditional meta-analyses (3). The
resulting checklist (Box 2) allows the reader to evaluate
whether a published indirect comparison or network
meta-analysis meets certain criteria. This article does
not include technical details, particularly on statistical
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methods. The interested reader is referred to the avail-
able literature (10, 14-18).

1. Is the question to be addressed established
in advance?

As is customary in systematic reviews, the underlying
question addressed, and its expression in the form of
statistical hypotheses should be clearly defined and es-
tablished in advance, in writing, in a study protocol.
Deviations from the procedure originally planned must
be suitably described and justified.

2. Is sufficient rationale given for the use of indirect
comparisons?

Indirect comparisons usually allow less certain con-

clusions compared to syntheses of direct evidence (11).

There should thus always be sufficient explanation of

the reasons for using indirect comparisons to address a

clinical question.

3. Is sufficient rationale given for the choice of com-
mon comparators?

The outcomes of indirect comparisons depend to a
great extent on the choice of common comparators,
among other factors. If there are several options avail-
able, it may be possible to steer findings deliberately in
a desirable direction. The choice of common com-
parators must therefore be suitably explained.

4. Has a complete, systematic search of the literature

been performed and described in detail?
As with systematic reviews that include conventional
meta-analyses, a complete, systematic search of the lit-
erature must be performed (7, 8). The relevant literature
must be complete not only with regard to the interven-
tions of interest but also with regard to the common
comparators.

5. Have pre-established trial inclusion and
exclusion criteria been used, and have they been
clearly described?

As is customary in systematic reviews, inclusion and

exclusion criteria are used to decide which of the trials
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identified during the search of the literature are to be in-
cluded. Ideally, identification of the relevant literature
should be clearly represented in the form of a flowchart
(7, 8).

6. Was a complete report of all the relevant data
available?

To avoid biased results, a complete report is needed.
This entails a full representation of the essential trial
characteristics, trial evaluations, individual trial results
(estimates of effect and confidence intervals), and
pooled effect estimates including confidence intervals
for all relevant outcomes, comparisons, and subgroups.
For more complex networks at least, a diagram of the
network should also be included, with a description of
the geometry of the network, i.e. its essential properties
9, 19, 20).

7. Have the basic assumptions of similarity,
homogeneity, and consistency been examined,
and have the findings of this examination been
suitably handled?

As with pairwise meta-analyses, the similarity of the

individual trials included should be examined on the

basis of their essential characteristics; however, in this
case this must be done for all the investigated interven-
tions. The well-known PICOS approach—population

(P), intervention (I), comparator (C), outcome (O),

study design (S)—plays a vital role in this (7, 8). Im-

portant information can be obtained from comparisons

of trials regarding relevant patient characteristics as
well as comparisons of trial arms representing reason-

able reference interventions regarding relevant
endpoints.
As with pairwise meta-analyses, homogeneity

should be examined using standard procedures such as
forest plots and measures of heterogeneity, with defin-
ing criteria established in advance (7, 8). Depending on
the size of the network, however, this may be a very
lengthy process, as all possible combinations of two
interventions must be included.

Consistency can usually only be examined if direct
and indirect evidence is available for comparison
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Examples of

network diagrams

a) Simple indirect
comparison

b) Star-shaped
network

¢) More complex
network
containing 6
interventions
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Checklist for evaluation of indirect comparisons
and network meta-analyses

1. Were the questions to be addressed established in advance?
— Clear description of question to be addressed
— Expression in form of statistical hypotheses
— Justification of deviations from procedure originally planned

2. Is sufficient rationale given for the use of indirect comparisons?
3. Is sufficient rationale given for the choice of common comparators?

4. Has a complete, systematic search of the literature been performed and
described in detail?

— For the interventions of primary interest?
- For the common comparators?

5. Have pre-established trial inclusion and exclusion criteria been used, and have
they been clearly described?

6. Was a complete report of all the relevant data available?

— Characteristics of all included trials

— Evaluations of all included trials

— Diagram of network, description of network geometry

— For all relevant outcomes, comparisons, and subgroups:
— Results of all individual trials (effect estimates and confidence intervals)
— Effect estimates and confidence intervals from pairwise meta-analyses

7. Have the basic assumptions been examined, and have the findings of this
examination been suitably handled?
— Similarity
- Homogeneity
- Consistency

8. Have suitable statistical procedures been used and described in detail?
- Use of adjusted indirect comparisons
- Handling of multi-armed studies
- Random-effects or fixed-effect models
— Technical details (particularly for Bayesian approaches)
— Program code
- Sensitivity analyses

9. Have limitations been sufficiently described and discussed?
— Data quality and completeness
- Methodological uncertainties, sensitivity analyses
- Violations of basic assumptions

simultaneously. This means that simple indirect
comparisons involving only one common comparator
always entail greater uncertainty, as one of the three
basic assumptions cannot be examined. There is a range
of procedures for examining consistency (16, 21-24).
The support of an experienced biometrician is required
to assess whether these procedures have been used
appropriately.

The results of examination of similarity, homogene-
ity, and consistency must be handled appropriately. If
there has been a major violation of any of these
assumptions, this may even mean that no worthwhile
indirect comparison can be performed (23). In some
cases, a change to the network, its division into

subgroups, or the use of relevant co-variables may
make a worthwhile indirect comparison possible (10,
25).

8. Have suitable statistical procedures been used
and described in detail?
Because some procedures for network meta-analysis
are complex, they are particularly challenging to evalu-
ate. Such evaluation can only be performed by an ex-
perienced biometrician. This requires a highly detailed
description of the methods used (9) and often also a
representation of program code. Published checklists
provide help for this (26-28). Important aspects are as
follows:
® Whether adjusted indirect comparisons have been
used
® Whether appropriate fixed-effect or random-
effects models have been selected
® Whether multi-armed trials have been handled
appropriately
® Whether unclear issues have been examined using
sensitivity analyses.
Depending on whether a Bayesian or a frequentist
approach has been used, further technical details that
cannot be described in more detail here may play a role.

9. Have limitations been sufficiently described and
discussed?

As in any scientific research, potential limitations that
limit the certainty of the findings should be sufficiently
reported and discussed. For indirect comparisons and
network meta-analyses, data quality and completeness,
methodical uncertainties and sensitivity analyses as-
sociated with these, and any violations of the three
basic assumptions are particularly important. These
should be evaluated by an experienced biometrician.

Results

The described checklist (Box 2) has been applied to
published adjusted indirect comparisons and a pub-
lished network meta-analysis as examples. The find-
ings of this are shown in the 7able. Baker and Phung
(4) investigated newer anticoagulants in patients with
atrial fibrillation using adjusted indirect comparisons.
They included a total of four randomized controlled
trials comparing apixaban (one study), dabigatran (two
studies), and rivaroxaban (one study) with the current
standard treatment, warfarin. Warfarin was selected as
the common comparator for the indirect comparisons.
Alfirevic et al. (5) performed a Bayesian network meta-
analysis to compare the benefit and harm of different
various prostaglandins to induce labor. Depending on
the available data for each outcome, networks with up
to 14 interventions and a dataset consisting of a total of
280 trials were evaluated.

Both publications are examples of essentially
thorough conduct and reporting of indirect compari-
sons. However, in places more detail would have been
desirable. The use of the checklist (Box 2) also revealed
the following limitations.
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Baker and Phung (4) did not provide sufficient jus-
tification for the choice of warfarin as common
comparator. Although they did state that warfarin was
the current standard treatment for which at least non-
inferiority had already been shown for all three of the
drugs included in the comparisons, it is unclear whether
this choice was selective or whether warfarin is actually
the only substance for which head-to-head trials of all
three of the drugs of interest were available. A placebo
could also have been used as a common comparator,
but this was not discussed further by the authors.

Both publications describe a detailed information-
gathering process. However, Baker and Phung (4) have
not provided a list of the excluded references. Alfirevic
et al. (5) refer to only one secondary source (the
Cochrane Pregnancy and Childbirth Group Register),
the update status of which is unclear. There is no clear
representation of how this secondary source was
searched. It therefore remains uncertain whether the
study pool is up to date and complete.

Both publications lack an examination of the
assumption of homogeneity in their pairwise meta-
analyses. Alfirevic et al. (5) examined homogeneity
only as part of network meta-analysis for all pairwise
comparisons combined; however, this is not sufficient.
Baker and Phung (4) also fail to provide a represen-
tation of the pooled results of the comparison of
dabigatran and warfarin. Because the assumption of
homogeneity has not been examined, it is possible that
pairwise comparisons were associated with substantial
heterogeneity between trial findings in both publi-
cations.

Discussion

Indirect comparisons and network meta-analyses make
it possible to estimate effects in order to compare dif-
ferent interventions in systematic reviews even if there
are no head-to-head trials of them. They also allow for
simultaneous analysis of networks containing more
than two interventions. Adjusted indirect comparisons
can be used, for example, to compare the benefits and
harms of newer anticoagulants (apixaban, dabigatran,
and rivaroxaban) with each other in patients with atrial
fibrillation even though there are no head-to-head trials
comparing them. Network meta-analysis also makes it
possible to compare simultaneously, in a joint evalu-
ation, the benefits and harms of 14 interventions
(prostaglandins, no treatment, placebo) to induce labor.
Indirect comparisons and network meta-analyses can
thus provide findings of fundamental importance for
the development of guidelines and for evidence-based
decisions in health care. They therefore represent
important extensions to traditional pairwise meta-
analyses. However, appropriate use of these methods
requires strict assumptions that often cannot be fully
verified on the basis of the available data. The findings
of indirect comparisons and network meta-analyses
therefore usually allow for less certainty in conclusions
than the findings of appropriate pairwise meta-analyses
of head-to-head trials. Transparent, detailed documen-
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Evaluation of indirect comparisons and network meta-analyses in data
examples

Checklist item Bakerand | Alfivirec et al.
Phung (4) (5)

1. Questions established in advance? v v

2. Rationale given for use of indirect comparisons? v v

3. Rationale given for choice of common — v
comparators?

4. Search of literature complete? (v)* (v

5. Inclusion and exclusion criteria clearly v v
described?

6. Complete report of all data? (v)* v

7. Basic assumptions examined? — —

8. Suitable statistical procedures used? v 4

9. Limitations described? v v

It is unclear whether or not this is a selective choice.

*2There is no list of excluded references.

**There is no representation of pooled estimates for pairwise comparison of dabigatran and warfarin.

*4Homogeneity has not been sufficiently examined.

*“*The method used to search the secondary source is not clearly shown. lt is therefore unclear whether the
study pool up is up to date and complete.

tation is required so that the published findings of indi-
rect comparisons and network meta-analyses can be
suitably evaluated. The simple checklist presented in
this article provides an aid for this.
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