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Abstract
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Objectives: To survey the frequency of use of indirect
comparisons in systematic reviews and evaluate the
methods used in their analysis and interpretation. Also
to identify alternative statistical approaches for the
analysis of indirect comparisons, to assess the
properties of different statistical methods used for
performing indirect comparisons and to compare direct
and indirect estimates of the same effects within
reviews.

Data sources: Electronic databases.

Review methods: The Database of Abstracts of
Reviews of Effects (DARE) was searched for systematic
reviews involving meta-analysis of randomised
controlled trials (RCTs) that reported both direct and
indirect comparisons, or indirect comparisons alone. A
systematic review of MEDLINE and other databases
was carried out to identify published methods for
analysing indirect comparisons. Study designs were
created using data from the International Stroke Trial.
Random samples of patients receiving aspirin, heparin
or placebo in 16 centres were used to create meta-
analyses, with half of the trials comparing aspirin and
placebo and half heparin and placebo. Methods for
indirect comparisons were used to estimate the
contrast between aspirin and heparin. The whole
process was repeated 1000 times and the results were
compared with direct comparisons and also theoretical
results. Further detailed case studies comparing the
results from both direct and indirect comparisons of
the same effects were undertaken.

Results: Of the reviews identified through DARE,
31/327 (9.5%) included indirect comparisons. A further
five reviews including indirect comparisons were
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identified through electronic searching. Few reviews
carried out a formal analysis and some based analysis
on the naive addition of data from the treatment arms
of interest. Few methodological papers were identified.
Some valid approaches for aggregate data that could be
applied using standard software were found: the
adjusted indirect comparison, meta-regression and, for
binary data only, multiple logistic regression (fixed
effect models only). Simulation studies showed that the
naive method is liable to bias and also produces over-
precise answers. Several methods provide correct
answers if strong but unverifiable assumptions are
fulfilled. Four times as many similarly sized trials are
needed for the indirect approach to have the same
power as directly randomised comparisons. Detailed
case studies comparing direct and indirect comparisons
of the same effect show considerable statistical
discrepancies, but the direction of such discrepancy is
unpredictable.

Conclusions: Direct evidence from good-quality RCTs
should be used wherever possible. Without this
evidence, it may be necessary to look for indirect
comparisons from RCTs. However, the results may be
susceptible to bias. When making indirect comparisons
within a systematic review, an adjusted indirect
comparison method should ideally be used employing
the random effects model. If both direct and indirect
comparisons are possible within a review, it is
recommended that these be done separately before
considering whether to pool data. There is a need to
evaluate methods for the analysis of indirect
comparisons for continuous data and for empirical
research into how different methods of indirect
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comparison perform in cases where there is a
large treatment effect. Further study is needed into
when it is appropriate to look at indirect
comparisons and when to combine both direct and
indirect comparisons. Research into how evidence
from indirect comparisons compares to that from

non-randomised studies may also be warranted.
Investigations using individual patient data from a meta-
analysis of several RCTs using different protocols and an
evaluation of the impact of choosing different binary
effect measures for the inverse variance method would
also be useful.
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Executive summary

Background

The randomised controlled trial (RCT) is the most
valid design for evaluating the relative efficacy of
healthcare technology. However, many competing
interventions have not been directly compared in
RCTs and indirect methods have been commonly
used in meta-analyses. Such indirect comparisons
are subject to greater bias (especially selection
bias) than head-to-head randomised comparisons,
as the benefit of randomisation does not hold
across trials. Therefore, it is essential to evaluate
such bias that may lead to inaccuracies in the
estimates of treatment effects and result in
inappropriate policy decisions.

Objectives

The objectives of this study were:

e to survey the frequency of use of indirect
comparisons in systematic reviews and evaluate
the methods used in their analysis and
interpretation

¢ to identify alternative statistical approaches for
the analysis of indirect comparisons

e to assess the properties of different statistical
methods used for performing indirect
comparisons

e to carry out empirical work comparing direct
and indirect estimates of the same effects within
reviews.

Methods

The Database of Abstracts of Reviews of Effects
(DARE) (1994 to March 1999) was searched for
systematic reviews involving meta-analysis of RCTs
that reported both direct and indirect
comparisons, or indirect comparisons alone. A
systematic review of MEDLINE (1966 to February
2001) and other databases was carried out to
identify published methods for analysing indirect
comparisons.

Study designs were created using data from the
International Stroke Tiial. Random samples of
patients receiving aspirin, heparin or placebo in
16 centres were used to create meta-analyses, with
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half of the trials comparing aspirin and placebo
and half heparin and placebo. Methods for
indirect comparisons were used to estimate the
contrast between aspirin and heparin. The whole
process was repeated 1000 times and the results
were compared with direct comparisons and also
theoretical results.

Further detailed case studies comparing the results
from both direct and indirect comparisons of the
same effects were undertaken.

Results

Of the reviews identified through DARE that
included meta-analyses of two or more RCTs5,
31/327 (9.5%) included indirect comparisons. A
further five reviews including indirect comparisons
were identified through electronic searching. Few
reviews carried out a formal analysis. Some reviews
based analysis on the naive addition of data from
the treatment arms of interest. Interpretation of
indirect comparisons was not always appropriate.

Few methodological papers were identified. Some
valid approaches for aggregate data that could be
applied using standard software were found: the
adjusted indirect comparison, meta-regression
and, for binary data only, multiple logistic
regression (fixed effect models only).

Simulation studies showed that the naive method
is liable to bias and also produces over-precise
answers. Several methods provide correct answers
if strong but unverifiable assumptions are fulfilled.
Four times as many similarly sized trials are
needed for the indirect approach to have the same
power as directly randomised comparisons.

Detailed case studies comparing direct and
indirect comparisons of the same effect show
considerable statistical discrepancies, but the
direction of such discrepancy is unpredictable.

Conclusions

When conducting systematic reviews to evaluate
the effectiveness of interventions, direct evidence



Executive summary

from good-quality RCTs should be used
wherever possible. If little or no such evidence
exists, it may be necessary to look for indirect
comparisons from RCTs. The reviewer needs,
however, to be aware that the results may be
susceptible to bias.

When making indirect comparisons within a
systematic review, an adjusted indirect comparison
method should ideally be used using the random
effects model. If both direct and indirect
comparisons are possible within a review, it is
recommended that these be done separately
before considering whether to pool data.

Recommendations for research

There is a need for evaluation of methods for
analysis of indirect comparisons for continuous
data.

There is a need for empirical research into
how different methods of indirect comparison

perform in cases where there is a large
treatment effect.

Further research is required to consider how to
determine when it is appropriate to look at
indirect comparisons and how to judge when to
combine both direct and indirect comparisons.
Research into how evidence from indirect
comparisons compares to that from non-
randomised studies may also be warranted.

Empirical investigations were based on one large,
multicentre trial with a common protocol across
each centre. It would be useful to repeat the
investigations using individual patient data from a
meta-analysis of several RCT5s using different
protocols.

The odds ratio was used as the measure of effect
within this simulation study. Although logistic
regression calls for the effect measure to be the
odds ratio, it would be interesting to evaluate the
impact of choosing different binary effect
measures for the inverse variance method.
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Chapter |

Background

‘ « Tell-designed randomised controlled trials

(RCTs) generally provide the most reliable
evidence of effectiveness as observed differences
between the trial arms can, in general, be
confidently attributed to differences in the
treatment(s) being evaluated."? However, in many
areas, available trials may not have directly
compared the specific treatments or regimens of
interest. A common example is where there is a
class of several drugs, each of which has been
studied in placebo-controlled RCTs, but there are
no trials (or very few) in which the drugs have
been directly compared with each other. For
example, in a systematic review of antibiotic
prophylaxis for preventing surgical wound
infections after colorectal surgery, only a limited
number of antibiotics or combinations of
antibiotics (more than 70 regimens in total) were
directly compared (head-to-head comparisons) in
147 randomised trials.” With the increasing use
and development of meta-analytical techniques,
comparisons of arms of different RCTs are being
undertaken. Such indirect comparisons are subject
to greater bias (especially selection bias) than
head-to-head randomised comparisons, as the
benefit of randomisation does not hold across
trials. It is vital, therefore, to evaluate such biases
that may lead to inaccuracies in the estimates of
treatment effects and result in inappropriate
policy decisions. By identifying the presence,
magnitude and, if possible, methods to overcome
such bias, the accuracy and interpretation of
estimates of the effectiveness of health

technologies will be enhanced. In addition, such
evaluations may give an insight into the
usefulness of indirect comparisons in cases where
direct comparisons are impossible, for example,
when examining the placebo effects of
subcutaneous and oral medication.*

In a review exploring the types of evidence used to
support the prescribing of one drug over another,
McAlister and colleagues® suggest a hierarchy of
evidence for grading studies that compare a drug
with another of the same class (Table 1).

As expected, direct comparisons from head-to-
head RCTs measuring clinically important
outcomes (referring to long-term efficacy data) are
at the top of the hierarchy of evidence at level 1,
followed by head-to-head RCTs using validated
surrogate outcomes (level 2). Comparisons made
across placebo-controlled RCTs of different drugs
are, however, also classified at level 2, despite the
increased threats to validity due to likely
differences between trials in terms of end-point
definitions, inclusion criteria, patient
characteristics, setting or baseline risk of
outcomes. McAlister and colleagues® acknowledge
that the strength of inference from such indirect
comparisons is limited.

It could be argued that since the randomisation
element of the RCT is not (or not fully) used

during indirect comparison, such methods may
have important implications on the use of data

TABLE | Suggested levels of evidence for comparing the efficacy of drugs within the same class

Outcomes

Level Comparison

I Within a head-to-head RCT

2 Within a head-to-head RCT
Across RCTs of different drugs
vs placebo

3 Across subgroup analyses from RCTs
of different drugs vs placebo

3 Across RCTs of different drugs vs
placebo

4 Between non-randomised studies

Adapted from McAlister et al.®

Study patients

Identical (by definition)
Identical (by definition)
Similar or different (in disease status

and risk factor status)
Similar or different

Similar or different

Similar or different

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

Clinically important
Validated surrogate

Clinically important or
validated surrogate

Clinically important or
surrogate

Unvalidated surrogate

Clinically important
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from other types of non-randomised
(‘observational’) study design.

Indirect comparisons are not only used to make
comparisons between drugs in the same class or
during subgroup analyses when comparing, for
example, different dosages of the same drug.
Comparisons between very different interventions,
such as pharmacological interventions versus
surgery, or between different classes of drugs have
also been made using indirect comparisons.
Examples of each type of comparison can be seen
in the health research literature.

For example, an indirect comparison of different
classes of drugs was undertaken in a meta-analysis
of second-line drugs used to treat rheumatoid
arthritis.” The drugs compared were antimalarial
drugs, auranofin, injectable gold, methotrexate,
D-penicillamine and sulfasalazine. Sixty-six trials
examining the efficacy of second line drugs were
included. For each drug the results were combined
across treatment groups. Means for each drug
treatment were generated by weighting each
treatment group by size at the end of the trial. To
compare drugs, analysis of variance was
undertaken, weighted by treated group size,
multiplied by study quality and adjusted for
covariates shown to have significant association
with each outcome. A fixed effects model was
used. The outcomes of interest were the tender
joint count, the erythrocyte sedimentation rate
and grip strength. For each outcome, results
showed that auranofin tended to be weaker than
other second line drugs. No attempt, however, was
made to provide data from direct comparisons.

An example of indirect comparisons being used to
compare drugs within a specific class can be seen
in the systematic review by Garg and Yusuf.” The
authors of the review used indirect comparisons to
evaluate the effects of angiotensin-converting
enzyme (ACE) inhibitors on mortality and
morbidity in patients with symptomatic congestive
heart failure. Thirty-two placebo-controlled trials
of ACE inhibitors, including 7105 patients, were
used to make adjusted indirect comparisons of
estimates of effect for the different agents
evaluated. The authors state that “Similar benefits
were observed with several different ACE
inhibitors, although the data were largely based on
enalapril maleate, captopril, ramipril, quinapril
hydrochloride, and lisinopril”.

Indirect comparisons of the effect of different
doses of a drug can be illustrated with the review
by the Homocysteine Lowering Trialists’

Collaboration.® The review included only
randomised trials (with an untreated control
group) that assessed the effects of difterent doses
of folic acid, with or without the addition of
vitamin B}y or Bg, on blood homocysteine
concentrations. Twelve trials, with data on 1114
patients, were included in the review. Trials were
grouped according to the folic acid regimen used
(<1, 1-3 or >3 mg daily). The proportional
reductions in blood homocysteine in the treated
groups compared with the control groups were
evaluated by an analysis of covariance which
estimated the difference in the post-treatment,
log-transformed homocysteine values after
adjustment for baseline homocysteine levels. This
model was extended to allow the extent of this
adjustment to vary between studies according to
factors such as folic acid dose, additional vitamin
Bg or Bjs, age, gender or duration of treatment.
After adjusting for pretreatment blood
concentrations of homocysteine and folate, there
was no significant difterence between daily doses.
Such indirect comparison of results from subgroup
analyses is not uncommon in systematic reviews
and meta-analyses. Boersma and colleagues’
evaluated the effect of delayed thrombolytic
treatment following acute myocardial infarction
and short-term mortality. They included 22
randomised trials of over 50,000 patients. The
trials were grouped according to time to
fibrinolytic therapy (0-1, > 1-2, > 2-3, > 3-6,

> 6-12, > 12-24 hours) rather than dosage. The
results of the subgroup analysis were used to
conclude that the “beneficial effect of fibrinolytic
therapy is substantially higher in patients
presenting within two hours after symptom onset
compared to those presenting later”.

The above examples illustrate both unadjusted
(naive) and adjusted indirect comparisons. In the
naive approach® data are pooled across treatment
arms, ignoring the fact that the studies are RCTs
(and discarding data from some treatment
groups). Given that comparisons are being made
across trial arms in the naive indirect comparisons,
negating the randomised nature of the trial, the
exclusion of non-randomised or observational
studies can be questioned. Such methods may
have important implications for the use of data
from other types of non-randomised
(observational) study design.

In the adjusted indirect comparison, the
comparison of the interventions of interest is
adjusted by the results of their direct comparison
with a common control group (e.g. placebo),
partially using the strength of the RCT. The
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RCT I RCT 2

Placebo B C Placebo

Indirect
comparison

FIGURE | Indirect comparison

methods used to undertake such adjusted indirect
comparisons vary. In the simplest case, one may be
interested in comparing two interventions B and
C. Indirect evidence can be obtained from RCTs of
either B or C versus a common comparator,
perhaps placebo (RCT 1 and RCT 2, Figure I).
One could use the results from one or more trials
to estimate the effect of each intervention relative
to control. An indirect measure of the relative
efficacy of B and C could be made subjectively or
using some statistical procedure. This information
could be combined with data from any direct B
versus C comparison, again either qualitatively or
statistically. In more complex situations, one may
be interested in trying to estimate simultaneously
the (relative) effectiveness of several treatments
(e.g. various B-blockers and other preventive
treatments for patients who have had a myocardial
infarction, or numerous analgesic drugs used in a
variety of pain relief settings).

Several ad hoc approaches have been adopted to
handle such situations. For example, in the case
where there are a large number of placebo-
controlled trials of various drugs a common
approach is to carry out separate meta-analyses of
the trials of each drug. The estimated effects are
then compared explicitly or implicitly, ignoring
the fact that the studies (or the patients in them)
may not be strictly comparable. This procedure is
like producing a league table, and results of this
type appear increasingly in Bandolier'’ and
elsewhere.!! Such comparisons may be of little use
if tables are ranked according to number needed
to treat (NNT) estimates in which no-treatment
groups, placebo-controlled trials and head-to-head
comparisons are included.'?

Meta-analyses using both randomised and non-
randomised studies have also been undertaken.
For example, in a review of thromboprophylaxis
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after total hip replacement, Murray and colleagues
analysed treatment arms from both controlled and
uncontrolled studies.'® Such indirect comparisons
between non-randomised groups are made on the
assumption that these groups are similar across
the different studies. However, this may not be a
reasonable assumption, so analyses of this kind are
open to several sources of bias. For example, as
the efficacy of a treatment may vary among
subpopulations of patients, differences in baseline
characteristics between groups within different
trials (variations in case-mix) may lead to biased
estimates of treatment effect. Even when patient
characteristics are similar, other aspects may vary
between trials, such as ancillary treatment or other
aspects of patient care (the actual treatment may
vary too).

There is a need to investigate the properties of
such procedures and to address the ways in which
such meta-analyses can best be carried out. Most
obviously, if trials have all used a common control
intervention (maybe placebo) then there is the
potential to use the control groups as a
standardising factor. Bucher and colleagues'*
presented a model for undertaking indirect
comparisons that preserves the randomisation of
the originally assigned patient groups. Their
model was tested using a meta-analysis of RCTs
comparing two experimental regimens against the
standard regimen for the prevention of
Prewmocystis carinii pneumonia in patients with
HIV infection. Trials providing a direct estimate of
the relative effectiveness of the two experimental
drugs were also identified, and an overall estimate
of effect of these trials was calculated. Both the
indirect and direct comparisons favoured
trimethoprim-sulfamethoxazole over
dapsone/pyrimethamine, but the magnitude of
difference was less in the direct comparison. The
odds ratio (OR) from the indirect comparison was
0.37 [95% confidence interval (CI) 0.21 to 0.65]
favouring trimethoprim-sulfamethoxazole,
compared with 0.64 (95% CI 0.45 to 0.90) for the
direct comparison using the fixed effects model.
Using the random effects model the odds ratio
from the direct comparison was 0.43 (95% CI 0.21
to 0.89), which was similar to that from the
indirect comparison. The model presented may
protect against some of the biases that arise
through the use of indirect comparisons. The
authors concluded that only where direct
comparisons are unavailable should indirect
comparison meta-analysis be carried out. In such
cases the limitations of such procedures should be
examined thoroughly. However, the approach
clearly needs further evaluation.



Background

Indirect comparisons are being used in systematic
reviews to evaluate the relative effectiveness of
alternative interventions even though such indirect
comparisons may be less accurate than head-to-
head randomised comparisons. It is vital,

therefore, to evaluate the properties of different
statistical approaches to indirect comparisons to
ensure that inaccuracies in the estimates of
treatment effects do not result in inappropriate
policy decisions.
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Chapter 2

Research questions

The aims of the project were:

e to survey the frequency of use of indirect
comparisons in systematic reviews and evaluate
the methods used in their analysis and
interpretation

¢ to identify alternative statistical approaches
for the analysis of indirect
comparisons

e to assess the properties of different statistical
methods used for performing indirect
comparisons

e to carry out empirical work comparing direct
and indirect estimates of the same effects within
reviews.
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To achieve these aims the project involved a review
of the literature and methodological and empirical
investigations.

Chapter 3 presents a survey of published indirect
comparisons. Chapter 4 contains a systematic
review of the literature identifying different
statistical approaches to the analysis of indirect
comparisons. Chapters 5 and 6 present the
methodological and empirical investigations.
Detailed case studies are given in Chapter 7. Each
chapter contains a description of the methods
used, the results and a brief overview of the
findings. Chapter 8 gives an overall discussion,
drawing on the findings from Chapter 3-7, and
the implications are discussed in Chapter 9.
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Chapter 3

Indirect comparisons in
published systematic reviews

his chapter summarises the findings of a
survey of frequency of use of indirect
comparisons in published systematic reviews.

Methods
Search strategy

To survey the frequency of use of indirect
comparisons in published systematic reviews it was
unnecessary to conduct a comprehensive search of
the research literature. Rather, a careful search of
databases of systematic reviews was performed. In
addition, it was considered impossible to develop a
search strategy to identify relevant published
reviews.

Two databases were readily available which provide
a source of meta-analyses: the Database of
Abstracts of Reviews of Effects (DARE) [available
through a number of sources, including the Centre
for Reviews and Dissemination (CRD) website
http://www.york.ac.uk/inst/crd/darehp.htm and the
Cochrane Library] and the Cochrane Database of
Systematic Reviews (CDSR) (on the Cochrane
Library, available to all members of the NHS
through the National Electronic Library for
Health, www.nelh.nhs.uk). It was felt appropriate
to focus initially on a search of DARE. DARE is a
database of quality-assessed systematic reviews.
The reviews are identified through regular
searching of a number of electronic databases
(including MEDLINE, CINAHL, Current
Contents Clinical Medicine and BIOSIS), by
handsearching key major journals and scanning
grey literature. To be included on DARE, the
reviews undergo a rigorous quality assessment and
must meet set criteria with regard to the review
question, the search strategy, validity assessment of
the primary studies and the presentation and
pooling of the primary studies. A hard copy of all
reviews published on DARE (1994 to December
1998) was obtained, and each review screened
according to the inclusion criteria (see below).

Inclusion criteria
All systematic reviews including at least one meta-
analysis were assessed to see whether they used:
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1. RCTs
2. indirect comparisons
3. direct comparisons.

The following types of meta-analysis were
recorded:

e those incorporating elements 1 and 2, with the
possibility of comparing them with other studies
making direct comparisons of the same
interventions. A note was made of whether the
authors interpreted the results as if direct
comparisons had been made

e those incorporating all three elements, to
examine the differences in estimates of effect
obtained using direct and indirect
comparisons

¢ those incorporating elements 1 and 3, and
providing sufficient data to try to undertake an
indirect comparison of specific interventions.

All other systematic reviews were excluded.

Assessment of relevance

All systematic reviews listed on DARE were
assessed using a piloted prescreening form (see
Appendix 1) designed to allow for identification of
articles meeting the above inclusion criteria and
also those for the Evaluating Non-Randomised
Intervention Studies (ENRIS) project.'® Two
reviewers independently assessed each article and
disagreements were resolved by discussion. All
data were managed using Microsoft Excel 97.

Data extraction

For all reviews assessed as relevant, data were
extracted using a predefined data extraction form
(Appendix 2). This process was undertaken
independently by two reviewers and discrepancies
were resolved through discussion. The results of
the data extraction process were tabulated. The
method used to carry out the indirect comparison
and the appropriateness of the interpretation of
results were noted. The interpretation was deemed
appropriate if the findings of direct comparisons
were given greater weight in the conclusions, or
the potential biases associated with the findings of
the indirect comparisons were discussed.
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TABLE 2 Reviews using both direct and indirect comparisons

No. of Appropriate interpretation of results Agreement between IC and DC
studies (estimate of effect in same direction)
Yes No Uncertain Yes No Uncertain
Adijusted IC 10 10 - - 7 2 I
Naive IC 3 2 - | | I I

DC, direct comparison; IC, indirect comparison.

Results

In total, 734 systematic reviews were available on
DARE for screening in March 1999. Of these, 327
included a meta-analysis of RCTs. The initial
screening identified ten reviews that were coded as
being definite examples of indirect comparisons
and 46 reviews that were coded as possibly
including an indirect comparison. A further 12
potentially relevant reviews were located through
the electronic searches for the systematic review
(Chapter 4).

After detailed assessment, 13 of these 68 reviews
were identified as including both direct and
indirect comparisons of competing interventions
and 23 included indirect comparisons only. Thirty-
one of the reviews were identified from the search
of DARE and five from the electronic searches.
Detailed summaries of the 36 included reviews
appear in Appendix 3. The remainder of the
reviews did not include suitable data and so were
excluded (see Appendix 4).

Reviews including both direct and
indirect comparisons

Thirteen of the identified systematic reviews used
both direct and indirect comparisons.'®?® Ten
presented adjusted indirect comparisons, first
estimating the pooled effects of each treatment
arm against placebo or a control group and then
comparing the two estimates. The interpretation
of the results was appropriate in each case, with
conclusions being based largely on the direct
comparisons, or problems associated with indirect
comparisons being discussed.!%-20:22:24:26-28 The
other three reviews presented naive, unadjusted,
indirect comparisons.?!**25 The interpretation of
the results was classed as appropriate in two of the
reviews, with emphasis given to results from direct
comparisons when available.?!?> There was some
uncertainty surrounding the appropriateness of
the interpretation of the results presented in the
third review®® (Tuble 2).

Each of these reviews is discussed in the following
sections.

Adjusted indirect comparisons (see Appendix 3,
Table 19)

Adjusted indirect comparisons were considered to
have been used when estimates of effect were
compared for interventions that had been
evaluated using a common comparator (e.g.
placebo). Three of the reviews undertaking an
adjusted indirect comparison were conducted by
the Antiplatelet Trialists’ Collaboration and
examined the effects of antiplatelet therapy on
various outcomes measures (including the
prevention of death, myocardial infarction, stroke,
venous thrombosis and pulmonary embolism) in
different categories of patients.!®1® All three
reviews were rigorous in their methodology. The
reviews all presented adjusted indirect
comparisons of aspirin plus dipyridamole and
aspirin alone, using a common control group. The
results for the indirect comparisons were
presented separately from those of the direct
comparison, and used to enhance the findings of
the reviews. Conclusions were drawn cautiously in
each review.

A fourth review comparing aspirin plus
dipyridamole with aspirin alone was conducted by
Lowenthal and Buyse, examining the effectiveness
of the drugs for the secondary prevention of
cerebrovascular accidents.'” The outcomes of
interest were total mortality, vascular mortality,
total strokes, fatal strokes, and a composite end-
point consisting of vascular death or non-fatal
stroke or non-fatal myocardial infarction
(‘important vascular events’). Double-blind RCT5s
comparing aspirin with placebo, aspirin plus
dipyridamole with placebo, or aspirin plus
dipyridamole with aspirin alone were included in
the review. Adjusted indirect comparison was
made using the placebo groups. Overall odds
ratios for aspirin versus placebo were plotted
alongside odds ratios for aspirin plus
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dipyridamole versus placebo for all outcomes. The
risk reduction for each outcome was consistently
better for the combination of drugs when
compared with aspirin alone. Chi-squared tests
with one degree of freedom were calculated to test
whether the differences observed could be
ascribed to chance alone, and a statistically
significant difference was demonstrated in favour
of the combination for three of the five outcomes
measured [important vascular events (risk
reduction 18% versus 40%; x> = 7.30, p = 0.007),
all strokes (risk reduction 17% versus 42%;

x> ="7.15, p = 0.007) and fatal strokes (risk
reduction —10% versus 43%; x* = 4.60, p = 0.03)].
No such statistically significant differences were
noted in the trials comparing the two treatment
regimens directly. The authors of the review
interpret the results with caution. They state that
the results “suggest that the combination therapy of
aspirin with dipyridamole may be superior to
aspirin alone”. However, they discuss that the
results from the indirect comparisons may reflect
differences in selection criteria or other
confounding factors, rather than a truly greater
treatment effect of combination therapy.

Zhang and Li Wan Po conducted a systematic
review to assess the efficacy of paracetamol and its
combination with codeine or caffeine in
comparison to paracetamol alone.?’” An adjusted
indirect comparison was made by estimating the
pooled effects of each treatment arm against
placebo and then by comparing the two estimates.
Second, a direct comparison was made between
paracetamol-dextropropoxyphene and
paracetamol using head-to-head trials (ignoring
the placebo group in the three-armed studies).
The results were expressed as the difference in
percentage improvement of total pain relief
(TOTPAR%) and the sum of pain intensity
difference. The proportions of patients obtaining
moderate to excellent pain relief relative to
placebo and the ratio of patients requiring
analgesic remedication were also estimated. The
results of the indirect comparison were similar to
those of the head-to-head comparisons and
demonstrated an enhanced analgesic efficacy
when codeine (60 mg) was used in addition to
paracetamol (600 mg) (using TOTPAR% as the
outcome measure).

The efficacy of paracetamol and its combination
with codeine was also assessed by Moore and
colleagues.?* They discussed the results of the
indirect comparison (between paracetamol plus
codeine and paracetamol alone, using placebo as
the common control) and direct comparison
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separately, making no attempt to combine them.
In both cases an increased response rate was noted
for the combination therapy, although the indirect
comparison gave a greater estimate of effect.

Li Wan Po and Zhang conducted a systematic
review of RCTs to evaluate the comparative
efficacy and tolerability of
paracetamol-dextropropoxyphene combination
and paracetamol alone.?” The main outcome
measures used in this review were the sum of
difference in pain intensity, the response rate ratio
and difference in response rate; and the rate ratio
and rate difference of side-effects. The
paracetamol-dextropropoxyphene combination
was compared with paracetamol alone both
directly and indirectly (adjusted indirect
comparison), as in their previous review.2” The
results of the indirect comparison were used to
support the findings of the direct comparisons.
The mean (95% CI) difference in the sum of
difference in pain intensity, as illustrated by the
direct comparisons, was 7.3% (0.2 to 14.9%)
(fixed effect model), in favour of the combination.
The results of the indirect comparisons were
consistent with the head-to-head comparisons and
the authors concluded that on the evidence of
both direct and indirect comparisons “there is
little objective evidence to support prescribing a
combination of paracetamol and
dextropropoxyphene in preference to paracetamol
alone in moderate pain such as that after surgery”.

The benefits of a longer duration interferon
regimen (3 MU three times per week for 12
months) in comparison to the standard 6-month
regimen for patients with chronic hepatitis C was
evaluated by Poynard and colleagues.”® They
presented results of an adjusted indirect
comparison, comparing the pooled odds ratios for
the different regimens in comparison to undefined
controls. For example, the odds ratio for the
sustained alanine transaminase (ALT) versus
control at the end of the 12-month regimen was
0.35 (95% CI 0.28 to 0.43). This was shown to be
greater than for the 6-month regimen, which
produced an OR of 0.21 (95% CI 0.13 to 0.28),
although the difference was not statistically
significant (p = 0.06). Direct comparison of a 12-
month (or more) regimen and a 6-month regimen
showed a statistically significant duration effect on
the sustained response rate at 3 MU, OR 0.16
(95% CI 0.9 to 0.23) (p < 0.01) in favour of the
12-month regimen.

Matchar and colleagues did not make any
reference to the use of indirect comparisons within
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their review of medical treatments for stroke
prevention, but the pooled relative risks for
warfarin and aspirin versus a control/placebo
group were compared, as were different doses of
aspirin versus placebo.?? The findings of the
indirect comparisons were similar to, and used to
reinforce, those of the direct comparison
(although only one head-to-head study of warfarin
versus aspirin was included).

Piccinelli and co-workers examined the efficacy of
drug treatment in obsessive—compulsive
disorders.?® The review found considerable
differences between the results from the indirect
comparisons and direct comparisons. The authors
recognise that the increase in improvement rate
was greater for clomipramine than for selective
serotonin reuptake inhibitors (SSRIs) when
compared with placebo, but highlight the fact that
direct (head-to-head) comparisons showed similar
therapeutic efficacy on obsessive—compulsive
symptoms. Possible reasons for discrepancies are
covered in Chapter 6.

Naive indirect comparisons (see Appendix 3,
Table 20)

Three other reviews included both direct and
indirect comparisons, but did not use an adjusted
indirect comparison.?!**?5 Marshall and Trvine
undertook a systematic review to establish the role
of rectal corticosteroids in the management of
active distal ulcerative colitis.*! They included
RCTs that assigned patients to two or more
treatment groups, with rectal corticosteroids in at
least one arm. Pooled response rates for each type
of corticosteroid and control therapy were
calculated across all trials. The pooled response
rates for the conventional rectal corticosteroids,
the topically active corticosteroids,
aminosalicylates and placebo were compared.
Conventional rectal and topically active
corticosteroids produced similar response rates for
symptoms, endoscopy, histology and remission.
The aminosalicylates showed improvements in all
response rates. The authors of the review sensibly
focused on the results of direct comparisons in
their discussions, concluding that rectal 5-ASA (an
aminosalicylate) is superior to rectal
corticosteroids in the management of distal
ulcerative colitis. Although the authors did not
draw heavily on the findings from the indirect
comparisons, the results of these are fairly
supportive of the conclusions.

Pope and colleagues also used a naive indirect
comparison technique to investigate the
hypertensive effects of non-steroidal anti-

inflammatory drugs (NSAIDs) and ranked them by
magnitude of change in mean arterial pressure
(MAP).?’ They did this by extracting data from
each NSAID treatment arm across all trials. Data
on possible confounders (including age, trial
quality, dietary salt intake, hypertensive or
normotensive patients) were recorded and
adjusted for in the calculation of the average
change in MAP for each NSAID. The results of the
indirect comparison are used greatly within the
review, but are compared with the results of head-
to-head comparisons when available. The findings
from the direct and indirect comparisons were not
always consistent.

The results from indirect comparisons are not
always used cautiously. The comparative
tolerability and rate of withdrawal from clinical
trials of roxithromycin and erythromicin in
patients with lower respiratory tract infections
were examined in a systematic review, again using
both direct and indirect comparisons.”® Three
RCTs included in the review were head-to-head
comparisons of roxithromycin and erythromicin.
All other trials (n=22) compared either
roxithromycin or erythromicin with another
macrolide or other agent commonly used as first
line therapy for patients with lower respiratory
tract infections. Summary statistics of reported
adverse events and withdrawals based on data
from arms of all trials (both head-to-head and
indirect comparisons) were calculated and used to
formulate the review’s conclusions. Although the
results of the three head-to-head trials are
presented, summary statistics for these trials alone
are not calculated. The authors do discuss the
possibility of potential confounding factors, but
conclude that there is no significant difference
between groups in terms of clinical efficacy, age,
gender, settings, duration of treatment, indications
or year of publication.

Reviews using indirect comparisons
alone

Of the 23 reviews presenting results of indirect
comparisons only, 15 used an adjusted method of
comparison, 112939 and eight performed a
naive indirect comparison®**=*° (Tuble 3).

Adjusted indirect comparisons (see Appendix 3,
Table 21)

Of the 15 studies including an adjusted indirect
comparison, only six of these interpreted the
results in an appropriate way.®**% For example,
Zalcberg and colleagues undertook a systematic
review of RCTs to determine the effect of
5-fluorouracil (5-Fu) dose in the adjuvant therapy
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TABLE 3 Reviews using indirect comparisons alone

No. of  Appropriate interpretation

studies  of results
Yes No Unclear
Adjusted IC 15 6 3 6
Naive IC 8 - 7 |

of colorectal cancer.? The trials included in the
review compared a 5-FU-containing regimen with
a no-chemotherapy control group. For each study,
the observed and expected number of deaths on
treatment was calculated and an estimated odds
ratio of mortality obtained for combined studies
using a fixed effect model. Forest plots were
presented for trials comparing a 5-FU-containing
regimen (separated into four categories: 2 10 g,
between 8 and 10 g, <8 g and oral chemotherapy)
with no-treatment controls, and also for trials
comparing 5-FU and levamisole or another 5-FU
regimen with no-treatment controls. The authors
were cautious in their interpretation of the results
stating that, owing to the fact that findings were
based on indirect comparisons, confounding by
the type of patient being studied in each trial is a
possibility.

A review by the Homocysteine Lowering Trialists’
Collaboration also used a no-treatment control
group as the common comparator to enable
indirect comparisons to be made for different
doses of folic acid.® The aim of the review was to
determine the size of reduction in homocysteine
concentrations produced by dietary
supplementation with folic acid and with vitamin
Bys or Bg. Twelve trials were included in the
review, with individual data on 1114 patients. A
forest plot was used to illustrate the reductions in
blood homocysteine concentrations with varying
doses of folic acid. The findings suggest that a
wide range of doses (0.5-5 mg) is similarly
effective. The authors of the review provide
detailed implications for future research in this
area.

In a comparison of the efficacy of home-
administrated low molecular weight heparin
(LMWH) in the treatment of deep vein thrombosis
(DVT) with that of hospital-administered LMWH,
Leizorovicz used an unfractionated heparin (UFH)
group as the common comparator.*’ Two
subgroups of studies were identified (LMWH
administered at home versus UFH and LMWH
administered at hospital versus UFH) and the
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odds ratios for recurrent thromboembolic events,
mortality and major haemorrhage were presented
in a forest plot. The authors report similar efficacy
results for the recurrence of thromboembolic
events or death, but acknowledge that this
approach reduced the statistical power for each
subgroup.

Pignon and co-workers conducted a meta-analysis
using individual patient data from RCTs
comparing chemotherapy alone with
chemotherapy combined with thoracic
radiotherapy.®! They clearly acknowledge that
indirect comparisons were used to compare trials
of early versus late radiotherapy, and also trials
with or without sequential radiotherapy. The
comparisons did not reveal any optimal time for
treatment. The authors conclude that in order to
identify the optimal combination of chemotherapy
and radiotherapy, further trials, of direct
comparisons, are required.

Similarly, a meta-analysis of individual patient
data to evaluate the effect of different cytotoxic
chemotherapy regimens on patients with non-
small cell lung cancer stated that from the trials
included it was not possible to recommend one
particular regimen over another, and that “Further
randomised trials are needed to determine which
regimens are the most effective of the modern
chemotherapies studied”.*

Rossouw examined angiographic trials to assess the
overall effects of lipid reduction on angiographic
outcomes and clinical events.* The trials included
in the review compared various interventions
(lifestyle changes, resins, statins, combinations of
drugs, and surgery) with control groups. The
author did not discuss the possibility of bias
occurring due to the use of indirect comparisons.
However, the review demonstrated no evidence of
a class effect, with all classes of intervention
appearing to have beneficial effects on both
angiographic and cardiovascular outcomes.

A review of antiemetic drugs for the prevention of
vomiting following paediatric strabismus surgery
was conducted by Tramer and colleagues.!' The
review included 24 RCTs that were placebo
controlled or no-treatment controlled, or included
an unspecified control group. The drugs
examined were droperidol (varying doses),
metoclopramide (varying doses), dixyrazine,
ondansetron, lignocaine, hyoscine, atropine,
lorazepam and propofol. Only three of the drugs
(droperidol, metoclopramide and propofol) were
used to draw conclusions, owing to insufficient



Indirect comparisons in published systematic reviews

data for the remaining drugs. Adjusted indirect
comparisons were made for these three drugs,
with odds ratios and 95% confidence intervals
being calculated using a fixed effects model, and
NNT also calculated. The findings for droperidol
suggested a dose-response relationship

(10-75 pg kg™), with 75 ug kg™' being the only
dose to have an odds ratio greater than one. The
authors do interpret the result with caution;
however, this caution is mainly due to the small
sample sizes being examined and not the potential
biases that can occur through indirect comparisons.

The appropriateness of the conclusions is unclear
in five other systematic reviews also presenting
adjusted indirect comparisons. For example, Koch
and colleagues®® conducted a review of Hy blockers
and misoprostol. The trials included had to have a
placebo arm to act as the common comparator. The
rate difference for each active drug in comparison
to placebo was calculated, as were NN'Ts. Forest
plots were presented. The authors claimed that
“gastric ulcer was found to be significantly reduced
by misoprostol — both in short-term and long-term
NSAID treatment — but not by Hy blockers”. In the
discussion, the authors did not explicitly discuss
biases that can occur through indirect
comparisons, but they did highlight the fact that
there were differences in the characteristics of
patients studied in the misoprostol and Hy-blocker
trials (those included in the misoprostol trials were
at higher risk of gastric ulcer).

Holme reviewed the association between total
mortality outcome or coronary artery disease
(CAD) incidence and the amount of cholesterol
reduction in randomised cholesterol-lowering
trials that were performed before and after
inclusion of statin trials.’® An adjusted indirect
comparison was undertaken comparing diet,
statins and hormones. The common comparator
was fibrates. Multiple regression analysis was
undertaken, adjusted by cholesterol changes and
baseline risk of CAD. The statistical analyses were
done by weighted multiple linear regression
models with a fixed effects variance assumption.
Diet versus fibrates gave an odds ratio of 0.975 for
total mortality and 1.07 (p < 0.05) for CAD
incidence. Odds ratios of 1.088 and 1.185

(p < 0.05) were obtained for hormones versus
fibrates, and statins versus fibrates showed an odds
ratio of 0.833 (p < 0.05) and 0.875 (p < 0.05) for
total mortality and CAD incidence, respectively.
The authors concluded that “Fibrate trials as a
group had the least favourable outcome profiles
for CAD and all cause mortality of all other drug
trials (except hormones)”.

Garg and Yusuf’ conducted a systematic review
evaluating the effect of ACE inhibitors on mortality
and morbidity in patients with symptomatic
congestive heart failure. Thirty-two placebo-
controlled trials of ACE inhibitors, including 7105
patients, were used to make adjusted indirect
comparisons of estimates of effect for the different
agents evaluated. Trials making head-to-head
comparisons of different ACE inhibitors were
excluded from the review unless they also included
a placebo group. The authors state that “Similar
benefits were observed with several different ACE
inhibitors, although the data were largely based on
enalapril maleate, captopril, ramipril, quinapril
hydrochloride, and lisinopril”.

A systematic review to compare the effectiveness
and safety of oral tramadol with standard
analgesics using a meta-analysis of individual
patients’ data included 3453 postoperative
patients.36 Tramadol (50, 75, 100, 150 and

200 mg), codeine (60 mg), aspirin (650 mg) plus
codeine (60 mg) and acetaminophen (650 mg)
plus proxyphene (100 mg) were all compared with
placebo, and then adjusted indirect comparisons
made. Relative risks and NNT were presented with
95% confidence intervals, and illustrated
graphically. Again, the authors do not discuss the
potential biases associated with indirect
comparisons. Head-to-head comparisons were
possible in certain cases, although data were not
presented.

The sixth study for which it was unclear whether
the interpretation of the results was appropriate or
not was conducted by Lefering and Neugebauer.*?
They compared studies of low-dose corticosteroid
versus control with studies of high-dose
corticosteroid versus control. The outcome
assessed was mortality. The control groups were
unspecified, and there was wide variation in the
mortality rates among the control groups (7-69%).
Pooled rate differences were calculated for the low-
dose and high-dose studies, and the results
compared. Low-dose corticosteroids showed an
effect of =1.9% (95% CI -20.0 to 16.2%), while
high-dose corticosteroid trials had a pooled effect
of 3.6% (95% CI -2.5 to 9.8%). The findings were
inconclusive and the authors state that “Neither
the type of steroid used nor the separation into
low-dose or high-dose regimen indicated a
remarkable difference between the steroid group
and control group.” No discussion about the role
of indirect comparisons was presented.

Boersma and co-workers examined early
thrombolytic treatment in acute myocardial
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infarction and used indirect comparisons to
examine the relationship between time to
treatment, from onset of symptoms, and mortality
up to 35 days.? Odds ratios were calculated and
presented graphically. Both linear and non-linear
regression analyses were undertaken. The authors
conclude that the beneficial effect of fibrinolytic
therapy is substantially higher in patients
presenting with 2 hours after symptom onset
compared with those presenting later. They did
not mention the potential problems of indirect
comparisons. However, a previous meta-analysis of
the same studies argued that “if patient categories
can be arranged in some meaningful order then
... may be reasonably reliably informative ...”.*7
The reviews illustrate the usefulness of indirect
comparisons when there is a lack of direct
comparison information.

The purpose of the systematic review conducted
by Aro®” was to compare the cardiovascular and
all-cause mortality of two oestrogen regimens
[polyestradiol phosphate (PEP) alone, or in
combination with oral ethinyl estradiol (EE)] and
orchidectomy with those of the Finnish male
population. The review also compared the age-
standardised mortality for all three treatment
forms. Only two trials were included in the review,
Finnprostate I (PEP plus EE versus orchidectomy)
and Finnprostate II (PEP versus orchidectomy).
Age-specific person-years at risk were computed
for each treatment group at 5-year intervals. The
authors concluded that “intramuscular PEP
monotherapy is associated with low cardiovascular
mortality and with an all-cause and prostatic
cancer mortality equal to orchidectomy”. The
results and conclusions of the review are
questioned in an article by Ekbom and Taube,*®
who highlight the fact that the two RCTs were
conducted in different years and with different
inclusion criteria. Indeed, there were statistically
significant differences between patient
characteristics in the two trials. Ekbom and Taube
suggested that the observed low mortality in PEP

alone may be due to “flaws in the methodology”.*®

The objective of the meta-analysis carried out by
Poynard and colleagues was to compare
lansoprazole with raniditine or famotidine in acute
duodenal ulcer, and to compare indirectly
lansoprazole with other drugs (omeprazole,
nizatidine, cimetidine and sucralfate).*® Raniditine
or famotidine was used as a common comparator.
Four-week healing rates (OR, 95% CI) were
calculated for each drug in comparison to the
common comparator, and ranked according to
efficacy. The authors mention an RCT directly
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comparing lansoprazole versus omeprazole in
acute duodenal ulceration; however, this trial is
not included in the meta-analysis.

Naive indirect comparisons (see Appendix 3,
Table 22)

Eight studies, presenting results of indirect
comparisons alone, used the naive approac
None of the studies presented results from direct
comparisons (even if this were possible), and
potential biases associated with indirect
comparisons were rarely discussed.

h 6,40-46

Coulter and colleagues*! reviewed RCTs of drugs
used to treat menorrhagia. A variety of NSAIDs,
antifibrinolytics, hormones and intrauterine
devices was examined. The drugs were listed
according to the percentage reduction in
menstrual blood loss. The review did not present
the data from the head-to-head comparisons made
within some of the RCTs. Half of the trials
included a placebo group and could have been
used to carry out an adjusted indirect comparison,
but the results of the placebo controls were not
reported.

The comparative efficacy and toxicity of second
line drugs in rheumatoid arthritis was examined
by Felson and colleagues.® For each trial, the
treatment arms of interest were identified and
data extracted. To compare the drugs they used
analysis of variance, weighted by treated group
size, multiplied by study quality and adjusted for
those covariates that had a significant association
with each outcome (tender joint count, erythrocyte
sedimentation rate and grip strength). For each
outcome auranofin was shown to be weaker than
the other second line drugs (methotrexate,
injectable gold, p-penicillamine, sulfasalazine and
antimalarial drugs). It is unclear whether the
adjustment for covariates actually reduced or
increased biases. Within-study comparisons

were ignored, as were studies comparing drugs
directly.

The review by Felson and colleagues® was quoted
by Imperiale and Speroff*® in support of using
naive indirect comparisons of RCT data. They
undertook a meta-analysis to examine the efficacy
of thromboprophylaxis following total hip
replacement. The naive indirect comparison used
in the review was based on the premise that the
treatment groups were clinically homogeneous in
composition. The authors give the impression that
their conclusions were based on evidence from
RCTs, even though only between-study
comparisons were made.



Indirect comparisons in published systematic reviews

Bansal and Beto*? compared the efficacy of
therapeutic agents used in the treatment of lupus
nephritis using outcomes of end-stage renal
disease (ESRD) and total mortality, using the same
method of indirect comparison as Imperiale and
Speroft.* They undertook a simple indirect
comparison of results of different arms across the
studies included in the review. The
appropriateness of pooling the data was examined
by two methods (z-score and heterogeneity test),
but the results of the tests were not presented. The
review included RCTs and quasi-RCTs, but the
results of the studies were used to make between-
study comparisons only, therefore losing the power
and rigour of the randomisation process. Again,
the authors do not mention the potential
problems associated with such indirect
comparisons, and no evidence from direct
comparisons is provided.

Similar problems occur in a review of
antihypertensive agents to reduce left ventricular
hypertrophy.*® The study had strict inclusion
criteria in that only double-blind RCTs were
included. However, analysis was undertaken by
combining all treatment arms of the same drug
class and weighting them according to the number
of patients in each individual study, thus breaking
the randomisation procedure. The authors do
discuss the importance of randomisation and the
validity of studies, although this is not taken into
account in the analysis. Within-study comparisons
were ignored and no attempt was made to carry
out an adjusted indirect comparison using a
common placebo group.

Unge and Berstad** studied anti-Helicobacter pylori
regimens. They included both RCTs and
observational data, and pooled data into groups
according to the combination of drugs used,
regardless of, for example, dosage or duration.
The authors argued that “a formal meta-analysis is
of limited value due to the substantial variation of
therapeutic options”. There was no discussion of
potential biases, and direct comparisons were not
included in the review.

Chiba and colleagues*’ conducted a meta-analysis
to evaluate the speed of healing and symptom
relief in grade II-IV gastrooesophageal reflux
disease (GORD). The review included only
randomised trials, but did not directly compare
different interventions. Data from the included
studies were grouped by drug class, decided a
priori to be placebo, proton pump inhibitors
(PPIs) and Hy-receptor antagonists (HoRAs). For
each study arm the overall healing proportion

reported at the final evaluation time-point was
used to calculate the overall healing proportion to
12 weeks. Data were pooled within each drug class
irrespective of dose, duration of treatment or
specific drug. Groups were then compared using
analysis of variance (no further details given).
Within-study comparisons were not made,
although sufficient data to make direct
comparisons were presented (see Chapter 6 for
further details).

A review comparing the antihypertensive efficacy
of available drugs in the angiotensin II antagonist
(AIIA) class included 43 trials.*® Most of the trials
were placebo controlled, although some were
head-to-head trials. Analysis was based on
treatment arms, regardless of which other
treatments were included in the trials. The
estimate of blood pressure reduction assessed
within the review is likely to be overestimated
because of regression to the mean effect, as the
placebo group (or other comparators) was
ignored. The review did not include any
recognition of the weakness of this approach.

Summary

Indirect comparisons are commonly used for
evaluating the relative effectiveness of alternative
interventions. Approximately 9.5% (31/327) of
meta-analyses of RCTs identified through DARE
included some form of indirect comparison. A
further five reviews including some form of
indirect comparison were identified. The majority
of the reviews included in this chapter were
published before 1998, owing to the nature of the
searching. An update search was not undertaken
as it was felt the sample of reviews was sufficiently
large. In addition, there was no reason to suppose
that the frequency with which indirect
comparisons are used in meta-analyses has altered.

The methods used for the indirect comparisons
included the naive indirect comparison (11/36,
31%) and the adjusted indirect comparison (25/36,
69%). Although the identified meta-analyses often
included only randomised trials, the strength of
the randomisation procedure is completely broken
when making naive or unadjusted indirect
comparisons, thus providing data that are perhaps
equivalent or even inferior to those obtained
through non-randomised studies. Such indirect
comparisons may be subject to bias (especially
selection bias) compared with head-to-head
randomised comparisons as the benefit of
randomisation does not hold across trials. In 50%
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(18/36) of the systematic reviews examined there
was no mention of the potential biases associated
with the findings of the indirect comparisons.

Results obtained through indirect comparison
were not always consistent with the findings
obtained by direct comparisons. Thirteen (36%) of
the identified systematic reviews used both direct
and indirect comparisons. The results of direct
and indirect comparisons within these 13 reviews
were different in three meta-analyses and similar
(same direction but not necessarily magnitude of
effect) in eight meta-analyses. Because data from
the same trials have often been used in both direct
and indirect comparisons in a review, the
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difference between the direct and indirect
estimates may have been underestimated in the
reviews.

The indirect comparisons were sometimes carried
out implicitly and the results of indirect
comparisons interpreted as if from direct
comparisons within randomised trials. Further,
the findings of direct comparisons were
sometimes ignored, even when data were
available. The misuse of indirect methods and
inappropriate interpretation of results of indirect
comparison may result in misleading assessments
of relative efficacy of competing healthcare
interventions.
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Chapter 4

Statistical methods for indirect comparisons

Systematic review of
the literature

A systematic review of the research literature was
undertaken to identify and evaluate statistical
approaches to the analysis of indirect
comparisons. The CRD guidelines were used as a
starting point for the systematic review protocol.*’
However, as the review was a methodological
review rather than a review of the effectiveness of
an intervention, it was noted that these guidelines
would not be strictly applicable and would need
adapting. In particular, the review was not
restricted to consideration of publications
identified by the formal searching.

Search strategy

A thorough search was undertaken, including both
computerised and manual searching, to identify
relevant literature. It was recognised that relevant
material may also be published in textbooks.
Constructing a literature search strategy for
methodological papers is problematic owing to the
lack of suitable indexing terms in the electronic
databases. The development of any search strategy
is essentially an iterative process whereby the
initial strategy is refined and developed according
to its recall and precision. The development of the
search strategy in this instance involved five rounds
of searching MEDLINE, reviewing the results and
adapting the search strategy. The MEDLINE search
was run from 1966 to March 1999. It was updated
to include records published by February 2001.
Details of this process are given in Appendix 5.

Search strategy 5 (Appendix 5) was used as a basis
from which to develop strategies to use in other
databases. Amendments were made regarding
thesaurus terms and subject indexing where
appropriate. In general, the strategies used relied
heavily on the use of free text terms because of a
lack of adequate MeSH or other thesaurus terms
to describe the concepts of research methodology.
The strategies for PsycLIT (1887 to February
2001), EMBASE (1980 to April 1999), ERIC (1966
to February 1999) and MathSCI (1940 to
September 1999) are listed in Appendix 6.

The project team considered that it might be
useful to carry out searches of some of the
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databases covering the agricultural literature.
Potential databases to search were identified as
being BIOSIS, Agricola, Agris International and
CAB Abstracts. Some test search strategies were
run on the BIOSIS database, but the records
retrieved were studies reporting the results of
systematic reviews rather than articles discussing
methodological issues. It was decided not to
pursue this source further.

In addition to the electronic searches, the
following key journals were initially handsearched:

Statistics in Medicine (1984-1999)

Controlled Clinical Trials (1984-1999)
Journal of Clinical Epidemiology (1991-1999)
Psychological Bulletin (1995-1999)
Psychological Methods (1995-1999).

The searches of Statistics in Medicine, Conitrolled
Clinical Trials and the Journal of Clinical
Epidemiology were subsequently updated to July
2004. The reference lists of all relevant articles
were examined to identify further studies and
attempts made to uncover grey and unpublished
literature. Contact was also made with those
working in the field, both nationally and
internationally, including the Cochrane Methods
Groups for Empirical Methodological Studies (now
the Cochrane Methodology Review Group),
Statistics, and Individual Patient Data Meta-
analyses. Papers identified ad hoc were also
included.

Finally, given the difficulty in identifying relevant
articles through electronic searching, an update
search was conducted in the form of a citation
search run on all of the relevant papers previously
identified (April 2004).

Inclusion criteria
The searches were used to identify all papers that
addressed the following issues:

¢ methodology for carrying out indirect
comparisons

¢ methodology for identifying and assessing
biases that arise from indirect comparisons

e methodology for avoiding (or even adjusting
for) biases arising from indirect comparisons.
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To provide examples for the empirical work (see
Chapter 5), any reviews meeting the following
criteria were also identified:

e systematic reviews reporting both direct and
indirect evidence

e cxamples of systematic reviews where treatment
arms from different RCTs are compared (i.e.
randomisation has been broken).

Assessment of relevance

All titles and abstracts of articles identified
through the searches were screened independently
by two reviewers. All papers considered to be
relevant by at least one reviewer were retrieved for
further appraisal. Retrieved articles were again
assessed independently by two reviewers and any
disagreements taken to a third party.

Results of searches

In total, 3034 titles and abstracts were identified
through the electronic searches. Following
screening 29 full text articles were obtained, and
further screening resulted in the identification of
only six papers for inclusion.'*%*5* The majority
of papers included in this chapter, including two
book (:h.aptters,55’56 were identified on an ad hoc
basis.

As noted below, the problem of indirect
comparisons is closely related to other problems
for which articles were not specifically being
sought: meta-regression, subgroup analysis, and
active—control equivalence trials. Although the
search certainly did not detect all relevant
publications, it is probable that all of the main
methods of analysis were covered.

Statistical methods for indirect
comparisons

Background

As noted in Chapter 1, an indirect comparison
involves the comparison of the results from sets of
studies making different treatment comparisons. It
is thus a combination of two (or more) meta-
analyses and thus shares all the methodological
difficulties associated with the use of meta-analysis
to combine the data from several studies. Multiple
studies may vary in numerous ways including, but
not restricted to, the precise interventions being
compared, characteristics of participants,
methodological quality (including aspects of
treatment allocation and blinding), concomitant
interventions, length of follow-up, outcome
measures and amount of loss to follow-up. In

addition to concerns about the comparability of
trials making the same comparison, the
comparability of different sets of trials must also
be considered. Two further issues are the choice of
summary outcome measure’’ and the
heterogeneity of the results of the trials, issues that
may be related.

The statistical methods for carrying out an
indirect comparison can be derived from methods
for investigating heterogeneity in a meta-analysis.
In meta-analysis it is common to examine
separately subgroups of trials, for example,
defined by the clinical or demographic
characteristics of participants. Such analysis may
serve as a means of exploring and possibly
explaining statistical heterogeneity of results.
Subgroups may also be defined by characteristics
of one of the treatments. For example, trials may
have used two or more different doses of an active
treatment, or members of a class of drugs, or may
have compared a single treatment against different
types of standard or inert treatment. Although it is
common to perform separate meta-analyses for
each subgroup, a formal approach requires a
comparison of the treatment effects in each subset
of trials, which assesses the treatment by subgroup
interaction. When subgroups define different
treatments the analysis is exactly the same as an
indirect comparison. Comparison of two
independent estimates is a standard statistical
analysis, yielding an estimate of the comparative
effect in the subgroups, with a confidence interval,
and a p-value. The calculation is slightly more
complex when the analyses have been of relative
measures (odds ratio, relative risk) and thus on the
log scale.®! Alternatively, a regression model can
be used to examine whether heterogeneity is
explained by one or more study characteristics,
known as meta-regression.’”*? The adjusted
indirect comparison can thus be seen to be the
simplest form of meta-regression, with a single
binary trial factor.

58-60

Indirect comparisons are inherent in the use of
active—control equivalence drug trials, in which the
aim is to demonstrate that a new active drug is
equivalent to (i.e. not very different in efficacy
from) an already available active drug, which itself
has been shown to be superior to placebo.%%*

Although indirect comparisons can arise in these
different contexts, the statistical analysis options
are the same whichever scenario applies. The
initial focus is on the simplest, and common, case
in which results are available from one or more
RCTs comparing A versus B (AvB) and one or
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more RCTs comparing AvC, and the aim is to
estimate the difference in effect of BvC. The
following five sections consider different statistical
approaches that have been suggested for indirect
comparisons. First, statistical methods using
aggregate data are discussed for each study,
mainly simple two-step methods. Second,
modelling approaches based on individual patient
data (IPD) are considered. Although full IPD are
rarely available, in the case of binary outcomes the
frequencies in a 2 x 2 table are effectively
individual observations and thus such studies are
amenable to a wide range of possible analysis
methods. In these first two sections the emphasis
is on classical frequentist methods that are in wide
use and do not require specialist software. Third,
Bayesian and likelihood-based methods are
considered. Fourth, the assumptions that underlie
all indirect comparisons are explored. Finally,
various extensions of the approach, including the
combination of direct and indirect evidence in a
single analysis, are discussed.

The deeply flawed ‘naive method’, in which the
randomisation is broken (described in Chapter 1)
is not considered in this chapter, although its
performance is evaluated in Appendix 7 and in
Chapter 5.

Classical methods using aggregate data
Meta-analysis using summarised (or aggregate)
data extracted from published studies is a two-
stage process involving the extraction or
calculation of an appropriate summary statistic for
each of a set of studies, followed by the weighted
combination of these statistics to provide an
overall estimate of effect (i.e. the contrast between
two treatments). Many familiar methods of meta-
analysis are of this type, including
Mantel-Haenszel methods for binary data and the
generic inverse variance method, used for any
type of data.?

For an indirect comparison these ideas are
effectively extended to a three-step approach, in
which the third step is to combine the results of
two separate meta-analyses into an overall
comparison. A standard statistical result is that the
variance of the difference between two
independent estimates is the sum of the two
variances (the variance is the square of the
standard error).%% This relation underlies the
two-sample ¢-test, for example. It also applies to
an indirect comparison, as the two sets of data are
from different studies. Thus, given two estimated
effects g and 6,¢ for comparisons of AvB and
AvC, respectively, the effect for the comparison
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BvC is estimated as Oy = Oap — Oac, and var(6pc)
= var(fp) + var(6c). A 95% confidence interval
for 6y is obtained as Oy = 1.96V[var(6gc)]. The
estimates of effect, denoted 0, relate to the scale
on which the data would be analysed; examples
are risk difference, log risk ratio and log odds
ratio for binary data, means for continuous data,
and log hazard ratio for time-to-event data. The
method in which two separate meta-analyses are
combined is referred to as an adjusted indirect
comparison. The adjustment here is for a common
comparison group. The possibility of further
adjustment for covariates is discussed later.

Because the basic method relies on a standard
statistical result, it is not possible to say who first
applied it in the context of indirect comparison.
The earliest methodological discussion found here
is by Eddy and colleagues in 1992,57 but earlier
applied examples are likely to exist, especially in
the framework of comparing subgroups of trials in
a meta-analysis.

The first methodological article explicitly
discussing adjusted indirect comparisons seems to
be that of Bucher and co-workers.'* For trials with
a binary outcome they suggested combining odds
ratios from separate meta-analyses, OR,g and
OR,c, so that logORg is estimated as logORp —
logOR,¢, and its variance as var(log ORpc) =
var(logOR,p) + var(logOR,c). From these
calculations it is simple to obtain a confidence
interval for logORg and hence, by transformation,
an estimate of ORy with a confidence interval.
The adjusted indirect comparison method is quite
general, and this formulation is clearly a specific
example of the general method described above.
The approach has been used to combine trials
using other effect measures, such as risk ratios,
risk differences,% hazard ratios or means.%”

68

Fisher and colleagues discussed the use of adjusted
indirect comparisons to address the specific
question of estimating the superiority of a drug to
placebo when no placebo-controlled trials have
been done.”® This situation arises when one drug
has been shown to be effective and it becomes
unethical to conduct further placebo-controlled
trials of new agents. Baker and Kramer’! present
the same idea from a conceptual perspective. All
of their examples are hypothetical and they do not
discuss the specifics of analysis.

In a meta-regression analysis, the estimated
treatment effect is modelled as a function of one
or more study characteristics as predictor
variables.’%% Least squares regression or a
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maximum likelihood method is used and each
effect estimate is weighted by the reciprocal of its
variance. For a single binary study factor, this
analysis is exactly the same as an adjusted indirect
comparison. The method can be used to compare
results from trials comparing AvB and AvC where
the study characteristic is the choice of
comparator. The estimated effect comparing BvC
is the coefficient for the indicator variable
denoting which comparison was made.

All of the authors cited used a fixed effect meta-
analysis to combine the results of trials of the same
comparison, but the same method can be applied to
combine estimates from two random effects meta-
analyses. Meta-regression can also be performed
allowing estimation of a random effect to describe
residual heterogeneity. Only Fisher and co-workers
discussed this possibility, and they gave various
reasons for preferring a fixed effect meta-analysis.”
In all meta-analyses a choice has to be made
between a fixed effect or random effects analysis; it
is not specific to indirect comparisons or meta-
regression. However, in this more complex situation
there is more than one way to implement a random
effects analysis. In a random effects analysis the
different trials are assumed to be estimating
different, but related quantities that are distributed
around some typical value with a variance that is
estimated from the data (7). In an indirect
comparison, for some models 7 is set the same for
each component comparison of two treatments,
while for other models it is estimated separately.

0

Methods using generalised linear
(mixed) models

The previous section described the analysis of an
adjusted indirect comparison in terms of weighted
combinations of meta-analyses of sets of trials
making different treatment comparisons. An
indirect comparison can also be analysed in a
regression framework using generalised linear
models, but this approach requires the availability
of IPD.

For a binary outcome, the 2 X 2 frequency table
for a trial effectively reflects IPD and so such data
can be analysed using logistic regression, as
discussed by Hasselblad.*?

The same principles apply to meta-analyses of
studies with continuous or time-to-event outcomes,
but IPD will need to be obtained from the authors,
which is generally a major undertaking.”
Statistical methods for these outcomes have been
considered by Higgins and colleagues” and Tudur
Smith and colleagues.”

For binary and other outcomes, random effects
analysis requires fitting generalised linear mixed
models (GLMMs),” which can be done for
example in Stata (Release 8.0; Stata Corporation,
Texas, USA, 2003) using the program gllamm, or
in SAS (version 9.1) using PROC MIXED (for a
continuous outcome) or PROC NLMIXED (for a
binary outcome).

These general methods can be used to handle
both simple indirect comparisons and more
complex networks of treatment comparisons, as
discussed below (section ‘Extensions to more
complex situation’, p. 22).

Bayesian and likelihood-based methods
Some authors have presented flexible Bayesian
methods that can be used to analyse indirect
comparisons as well as more complex data
structures. Higgins and Whitehead®® used a
Bayesian approach to investigate the relative
effectiveness of B-blockers and sclerotherapy to
prevent bleeding in patients with cirrhosis.
Twenty-four trials had compared one of the active
treatments against control, and two trials had
three arms.

The confidence profile method®” is a very general
method for combining almost any evidence
relating to a particular question. As well as
incorporating studies making different treatment
comparisons it can encompass different designs,
outcomes and measures of effect, and allows
explicit modelling of biases. Although often
considered as a fully Bayesian model, it can also
be formulated without prior distributions and
fitted using maximum likelihood.

Ades® recently proposed a Bayesian Markov chain
Monte Carlo method to handle the general case.
His method of multiparameter evidence synthesis
is also very general in allowing other types of
evidence to be included in the model. Earlier,
Dominici and colleagues®" presented a
hierarchical Bayes grouped random effects model.
They used Markov chain Monte Carlo simulation
to apply this approach to a highly complex set of
46 trials evaluating treatments for migraine from
three classes: B-blockers, calcium channel blockers
and biofeedback therapy.

Sutton and colleagues’” give an overview of the
advantages and disadvantages of Bayesian
methods in meta-analysis. One advantage of fully
Bayesian methods is that they place a distribution
on the heterogeneity 7 and do not assume that
the estimate of 7 is without error.”® This issue is
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especially relevant when there are rather few trials
making a particular comparison.

Fully Bayesian models offer the greatest flexibility,
particularly in modelling random eftects. They
require specialist software and a deep statistical
understanding, taking them beyond the scope of
many research groups. Attention in this study is
focused on simpler approaches, which can be used
for many of the more common scenarios, but the
reviewers indicate later where complex methods
are needed.

Assumptions

Many study and patient factors (case-mix)
influence the outcome of patients in a specific
treatment group in a particular trial. The essence
of the indirect comparison is that the effect for the
comparison BvC is estimated using a common
comparator A by contrasting the estimated effects
for comparisons of AvB and AvC. Implicit here is
the notion that the variation in the observed
results for patients treated with the common
comparator, treatment A, will (to some extent)
account for differences between studies in
methodology, case-mix, and so on. The validity of
the indirect comparison will thus depend on the
extent to which this assumption is reasonable.
Adjustment for a common comparator (A) will be
expected to reduce, if not remove bias in the
comparison of B and C.

The underlying assumption of a fixed effect meta-
analysis is that the various studies are all
estimating the same effect, such as the effect of A
relative to that of B. The same considerations
apply to trials comparing AvC. An indirect
comparison shares with other observational
epidemiological investigations the risk of bias by
confounding.®® The key additional assumption of
an indirect comparison using the results of trials
of AvB and AvC is that there should be no
important differences between the two sets of trials
with respect to aspects that could influence (bias)
the estimated treatment effect of BvC, that is,
there is no confounding of the comparison by
some trial characteristic. As an example, Lim and
colleagues™ reported a comparison of low- and
medium-dose aspirin therapy after coronary
surgery using an indirect comparison of placebo-
controlled trials, with outcome evaluated by
angiography. There were three randomised trials
of low-dose aspirin, with patients receiving
angiography at an average of 10, 130 and 180
days, and two trials of medium-dose aspirin, with
angiography at an average of 363 and 367 days.
Subsequent correspondence® considered the
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possible relation between the time to angiography
and the observed effect of aspirin.

Another formulation of this argument is that the
two sets of trials should be exchangeable, in the
sense that there is no reason to suppose that the
results as a whole would be different had the
various trialists kept the same protocol and
patients, but chosen to study a different treatment
comparison.®! Baker and Kramer’! show
graphically that the validity of the indirect
comparison depends on the consistency of the
treatment effect over settings with different event
rates (different case-mix). Phillips®? considered
some ways in which this assumption might fail.
Clearly, one important way in which
exchangeability could fail is when the treatment
effect is influenced by some factor that itself varies
across the different treatment comparisons, such
as the clinical setting or length of follow-up.
Adjustment for study covariates can help to reduce
such an effect and make exchangeability more
likely. The analysis is only possible when the factor
varies within each set of trials.

Similar issues have been discussed in the context
of non-inferiority trials, in which a new treatment
is compared with a standard treatment with the
aim of showing that the new treatment is no less
effective than the standard treatment, within some
prespecified margin (these trials are also called
active—control equivalence trials).***>8* Often the
standard treatment will previously have been
shown to be better than placebo. In essence, there
is an implicit indirect comparison when inferring
from a trial that shows non-inferiority that the new
treatment is better than placebo. It is recognised
that the validity of such an inference relies on
aspects of the non-inferiority trial being closely
similar to the prior placebo-controlled trials of the
standard treatment. Particular examples include
patient characteristics, treatment dose, outcome
measures and length of follow-up.®

In addition to concerns about the average
treatment effect, the issue of heterogeneity has to
be considered. Hirotsu and Yamada® presented a
method that is equivalent to adjusted indirect
comparison using inverse variance meta-analysis.
They suggested testing for homogeneity of trial
results both within treatment comparison and
between direct and indirect estimates before
pooling.”* However, an indirect comparison does
not require homogeneity, and modelling
approaches exist that include random effects terms
that estimate the degree of heterogeneity in the
comparisons. The model of Higgins and

21
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Whitehead assumes that the degree of heterogeneity
is similar in all comparisons,53 whereas other
methods allow separate estimates of heterogeneity
for each comparison. Further, in most situations
there are too few trials for each paired comparison
to allow reliable assessment of whether there is
excess heterogeneity, or estimation of separate
random eftects for each component comparison.

As with any meta-analysis, there is the possibility
of fitting random effects models to take account of
between-trial heterogeneity. Under a random
effects model the treatment effect is allowed to
vary among trials making the same treatment
comparison (usually assuming that the distribution
of effects is normal). Models that apply the
random effect to each study arm rather than each
comparison between arms are not sensible. In
many situations it may be reasonable to assume
that the variability of the treatment effects is the
same for all paired treatment comparisons.”

Several of the papers describing the analysis of
indirect comparisons have given rather little
consideration to the underlying assumptions, and
those statements that have been made are often
questionable. For example, the only assumption
mentioned by Hasselblad and Kong® is that the
populations of the individual studies contain some
subpopulation in common. While this is sensible,
and echoes concerns about equivalence trials, it is
by no means a sufficient requirement. Bucher and
colleagues'* noted that “The only requirement is
that the magnitude of the treatment effect is
constant across differences in the populations’
baseline characteristics”. In their appendix they
mentioned the additional assumption of no
treatment by study interaction in each set of trials,
but as noted above, the requirement is rather one
of equal heterogeneity.

The following section considers various more
complex situations involving multiple comparisons
of multiple treatments. It is clear that the
assumptions become more numerous and tenuous
in relation to increasing complexity of the data
structure. Most obviously, the notion of
exchangeability may need to extend across many
sets of trials (which may have been carried out
across a long period).

Lastly, in a meta-analysis of trials with a binary
outcome, it is well known that the choice of effect
measure may have a considerable impact on the
analysis, and also on the degree of observed
heterogeneity. Empirical studies show that for
binary outcomes measures of relative effect (odds

ratios and relative risk) are more likely to be
consistent across trials than measures of absolute
effect (risk difference).®>® This issue is of major
relevance to indirect comparisons of two or more
sets of trials. None of the papers cited above
considered the impact of the choice of effect
measure in making indirect comparisons, with the
odds ratio used in almost all cases. Another
assumption of an indirect comparison meta-
analysis, therefore, is that the effect measure is
appropriate.

Extensions to more complex situations
This section considers six ways in which the
available data may be more complex than the
simple case outlined above. First, three further
situations are considered where all trials still have
two treatment arms, and then two cases where at
least one trial has more than two arms. Lastly, the
case where study or patient characteristics are
taken into account is considered.

More than one common comparison treatment
(e.g. AvB, AvC, DvB and DvC)

All methods for adjusted indirect comparisons
extend simply to the case where there are two or
more sets of indirect evidence for the comparison
of interest, such as comparing B and C using data
from trials comparing AvB and AvC and also trials
comparing DvB and DvC. Separate estimates of
BvC from adjusted indirect comparisons using two
different sets of two-arm trials can be combined
using inverse variance weighting. The analysis of
such a set of trials is illustrated in Chapter 8.%7

Lumley®® suggests comparing the results derived
from the different comparators, and suggests a
parameter to measure the ‘incoherence’ of the
system, which considers the consistency of a specific
estimated contrast between two treatments with
the rest of the system (here the estimate from the
other route). As with other tests in this context,
there may be too few trials of each treatment
comparison for this test to have much power.

Combining direct and indirect evidence (e.g. AvB,
AvC and BvC)

Often there is both direct and indirect evidence.
Traditionally, meta-analysts focus only on direct
evidence and do not seek indirect evidence, or
they disregard it. Indirect comparisons have
mainly been used when there is no direct
evidence, or perhaps very little. Thus, there are
few examples of indirect and direct evidence being
combined. Such a combined analysis is considered
here; whether such an analysis is sensible is
considered in Chapter 8.
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The adjusted indirect comparison method does
not explicitly generalise to allow inclusion of direct
evidence (RCTs of BvC). It is simple, however, to
combine the estimate from the adjusted indirect
comparison with data from one or more direct
comparisons using inverse variance weighting.
The separate meta-analysis estimates need not
also be obtained from inverse variance meta-
analyses.

Hasselblad showed how logistic regression could
be used to analyse a mixture of direct and indirect
comparisons.”® The approach works well for fixed
effect models. However, because of the way the
model is set up, the random effects model he
described allows the outcome per treatment arm
to vary randomly across trials rather than the
treatment effect itself, so that this approach is not
recommended. A proper random effects combined
analysis requires the use of mixed models, as
discussed above.” This issue is also considered in
Appendix 7.

Hirotsu and Yamada presented a fixed effect
method for estimating odds ratios from a mixture
of direct and indirect comparisons, noting that the
problem can be seen as an example of an
incomplete block design.’* Although presented
rather differently, their method is equivalent to
adjusted indirect comparison (possibly combined
with direct comparisons) using inverse variance
meta-analysis.

A sequence of comparisons (e.g. AvB, BvC, CvD
and DvE)

The case of a sequence, or chain, of paired
comparisons may arise in the drug development
process, particularly where the emphasis is on
establishing equivalence of new drugs rather than
superiority. If A and B are found to be
bioequivalent (often defined as an effect ratio in
the range 0.8-1.25), and from separate studies so
are B and C and C and D, what can be said about
the equivalence of A and D?%

Such questions may arise primarily in small
bioequivalence studies looking at uptake of drugs
via measures such as total and peak exposure,®
but in principle can also arise in studies of clinical
equivalence, and may arise in superiority trials
too. An example of such a chain is shown in

Table 18 in Chapter 8.

A simple chain such as AvB, BvC, CvD and DvE
can be handled by most of the methods of analysis
described. For this example, the contrast AvE can
be evaluated via a combination of multiple
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applications of the simple adjusted indirect
comparison.

While such an analysis is clearly easy to carry out,
it extends the assumption of exchangeability
across three or more sets of trials in the chain,
which many may consider to be rather tenuous.

One or more multiarm trials (e.g. AvB, AvC and
AvBvC)

An extension of the previous case is when there
are multiarm trials comparing all three of the
treatments of interest. Although the standard
approaches to meta-analysis relate to two-arm
trials, trials with three or more treatment arms are
surprisingly common, making up about a quarter
of parallel group trials in a MEDLINE
representative sample.® Multiarm trials also cause
difficulties in conventional meta-analysis.

The adjusted indirect comparison method cannot
take account of trials with three or more arms
without either splitting or discarding groups.
Multiarm trials can be handled using logistic
regression, as this method treats the treatment
arm as the unit of data,”® and by more complex
methods.

Gleser and Olkin considered the case where there
is a set of RCT5 in each of which one or more of
several active treatments has been evaluated
against a common control.”® They proposed
regression models for obtaining estimates of either
the risk difference or (log) odds ratio between
each treatment and control, and also for contrasts
between the active treatments. Their method is
conceptually similar to the adjusted indirect
comparison.

When a single multiarm trial is used to estimate
two or more paired comparisons those estimates
will be correlated when they contain a common
arm (e.g. AvB and BvC). This correlation was
included in the models presented by Gleser and
Olkin® and Higgins and Whitehead;® it is not
taken into consideration in logistic regression.

An arbitrary set of all combinations

The most general case allows for trials comparing
various sets of two, three or more of many
treatments. (The further possibility of the
inclusion of other trial designs, such as cluster or
cross-over trials, is not considered here, although
in principle these could also be added.) An
example is used in Appendix 7 as the basis for
illustration of some of the methods of analysis.
This scenario goes beyond the main focus of this
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report, but such data sets can be analysed using
several very general methods, such as that of Eddy
and colleagues.®”

Lumley® mentioned the possibility of including
multiarm trials, but did not show how his network
meta-analysis method extends to that case. The
assumptions of a single analysis of a complex set
of trials are considerable, and the inner features of
the data will be obscured. If such an approach is
used it seems desirable also to examine simpler
analyses of subsets of treatments and to explore
consistency of results.

Adjustment for study and/or patient
characteristics

Concerns about the validity of the assumptions
may lead to the wish to incorporate study-level
covariates in the analysis. These may relate to
aspects of the study, such as length of follow-up or
whether or not double blind, or study-level
summaries of patient characteristics such as mean
age. Such adjustment may be felt to remove or
reduce meta-confounding and make the studies
more likely to conform to the assumption of
exchangeability. Adjustment will be more useful
for study characteristics as there is very poor
power to detect the effect of patient characteristics
using study-level summaries.”"%!

Regression methods, including logistic regression,
can be used to adjust for study characteristics. In
the rare case where full individual patient data are
available, then the whole analysis could be
performed using individual patient characteristics,
for example using multilevel (hierarchical)
modelling.”?

Summary of available analyses

It has been noted that some complex statistical
methods are available to analyse any set of trials.
Such methods are inaccessible to many
researchers, so it is useful to summarise the types
of data that can be analysed using simpler, widely
available methods.

The method of adjusted indirect comparison can
be extended to any case where all of the trials have
just two treatment arms, where necessary by using
inverse variance weighted combination of separate
indirect estimates. For example, separate indirect
and direct estimates of a common treatment effect
evidence can be combined. Likewise, indirect and
direct estimates can also be combined using the
results from separate meta-regression analyses.
Adjusted indirect comparison and meta-regression
can be used to combine fixed or random effects

estimates from subsets of trials, but they cannot
handle trials with more than two treatment arms
(multiarm trials). However, an advantage of both
approaches is that they can be used for any type of
outcome measure, including odds ratios, relative
risk and risk difference for binary data as well as
means or hazard ratios.

For a binary outcome, logistic regression can be
used to perform a fixed effect analysis for all of
the cases discussed in the previous section,
including multiarm trials. Here the odds ratio is
the only available effect measure.

When there is at least one multiarm trial, random
effects analysis requires hierarchical (mixed)
models, and these can also be used for continuous
outcomes. Such models appropriately consider the
random effects to apply to the treatment effect, in
contrast to some of the models discussed above.
Their use ideally requires expert statistical
assistance.

As noted earlier, several more flexible but complex
approaches can be used to handle any mixture of

data structures, although not all can deal with any
type of outcome measure.

Related literature

The focus of interest here was the combination of
results from RCTs, and the authors would not
advocate including data from uncontrolled studies.
However, methods are available to combine data
from RCTs with results of uncontrolled studies.
Begg and Pilote®® proposed a random effects
model for combining controlled and uncontrolled
studies in the context of incorporating historical
controls into a meta-analysis of comparative
studies. Their method assumes a distribution for
the control group event rate (rather than for the
treatment effect, as in conventional random effects
meta-analysis) and a fixed treatment effect. The
relative weight given to the controlled studies
depends on the observed degree of heterogeneity.
They illustrated their method using four
controlled trials (274 patients) and 12
uncontrolled studies (1708 patients) comparing
bone marrow transplantation and chemotherapy
for acute non-lymphocytic leukaemia. The method
was extended by Li and Begg.”* Raghunathan®
presented a conceptually similar approach for
combining the results of case—control studies with
data from controls in previous studies.

Berkey and colleagues® presented a method for
combining multiple outcomes in a meta-analysis,
to allow a composite analysis when not all
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outcomes were assessed (reported) in all trials.
Their generalised least squares regression model
also extended to analysis of single outcomes from
trials comparing multiple treatments, not all of
which were studied in each trial. They presented
an analysis comparing gold and auranofin for
reducing tender joints in patients with rheumatoid
arthritis. Of the 44 randomised trials, only nine
compared directly the two treatments of interest.
Their method does not preserve the link between
treatment arms in a given trial and thus cannot be
recommended.

Lastly, Biichner and colleagues®®%" described the
prospective design of several trials with a common
standard arm, to allow indirect comparison via the
common treatment. However, they suggest that in
each trial only a small proportion of patients are
randomised to the common arm and all the
patients across the various trials are used as the
common comparator. This method mixes
randomised and non-randomised comparisons
and runs a serious risk of bias.”

Comments

Although indirect comparisons are common,
surprisingly few methodological papers have
proposed or discussed methods for handling such
data. Searching for such papers was hampered by
the lack of recognised terminology for indirect
comparisons; other terms used in the papers
identified include cross-trial (or cross-study)
comparison,®* connected comparative
experiment,’* network meta-analysis,* mixed
comparison,’® and virtual comparison.'®” Hardly
any of the papers identified cited any of the
others. It is thus quite possible that other
methodological papers were missed, although it is
unlikely that there are important omissions
regarding methods of analysis.

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

Some valid approaches were identified for
aggregate data that could be applied to simple
problems using standard software: the adjusted
indirect comparison, meta-regression and, for
binary data only, multiple logistic regression (but
only fixed effect models).

A particular advantage of a regression modelling
approach is the possibility to adjust for other
variables available for each study. The hope would
be that such adjustment may help to explain some
of the heterogeneity within and between groups of
trials making the same comparisons. Adjustment
for aggregated patient-level variables (such as
average age) would be expected not to have much
effect in comparison with adjustment with the
same variables at the individual level.”*! All such
analyses are open to all of the problems inherent
in meta-regression analysis.’>%! The regression
approach may be seen as a simple version of some
of the more complex approaches that can

be used.

The use of simple adjusted indirect comparisons
to combine two-arm trials is being used more
often. Some of these methods can be extended to
more complex situations. At the extreme, some
advanced methods exist that can handle general
problems of networks of comparisons, and
sometimes also combine different outcomes, study
designs and perhaps external information.
Whether it is sensible to include such varied
information in a single analysis is open to
question. It would seem desirable that, if used,
such complex analyses are supplemented by
simpler analyses.

Chapter 5 reports on empirical investigations into
the performance of several methods of making
indirect comparisons, using both fixed and
random effects, with and without adjustment for
study covariates.
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Chapter 5

An empirical investigation of the properties of
different statistical methods used for performing
indirect comparisons

Comparisons of indirect and direct
comparisons, while interesting, cannot
provide reliable information about the properties
of the indirect approaches. Apart from the
problem of small numbers of trials, the main
difficulty is the fact that the difference in
estimated treatment effect between the two sets of
trials may be confounded with differences
between the studies.

To compare direct and indirect estimates without
such confounding an extensive empirical
investigation was carried out using data from a
large multicentre randomised controlled trial, the
International Stroke Trial (IST).'°! The centres in
the study were grouped by region to represent
separate trials and results from these ‘trials’ used
to generate both direct and indirect estimates of
the same treatment comparison.

As all of the centres used exactly the same
protocol, including eligibility criteria, the results of
the studies can be said to represent a somewhat
optimistic case as, in general, further variability
will be introduced by variation in protocols across
studies.

The International Stroke Trial
(IST)

The aim of the trial was to assess the separate and
combined effect of aspirin (300 mg daily) and of
subcutaneous heparin [5000 IU twice daily (low
dose) and 12,500 IU twice daily (medium dose)]
administered for 14 days. Between January 1991
and May 1996 19,435 patients with suspected
acute ischaemic stroke entering 467 hospitals in 36
countries were assigned centrally to a treatment
using minimisation within 48 hours of symptoms
onset.

Details of the study methods and interventions
have been described elsewhere.!’! In brief, using a
factorial design, half of all patients were randomly
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allocated to receive aspirin and half to ‘avoid
aspirin’. For each of these two groups, half of the
patients were allocated heparin (low or medium
dose) and half to ‘avoid heparin’. Placebos were
not used.

The primary outcomes were death within 14 days
and death or dependency at 6 months. At

6 months fewer patients in the aspirin group were
dead or dependent [62.2% versus 63.5%, p = 0.07;
a difference of 13 (SD 7) per 1000]. After
adjustment for baseline stroke severity, the benefit
from aspirin was statistically significant [14 events
prevented per 1000 patients (SD 6), p = 0.03].
Heparin was not found to have any effect (event
rate 62.9% in groups who did or did not receive
heparin). There was no detectable interaction
between aspirin and heparin in the main
outcomes.

Adaptations of the trial

Outcome and treatment

Death and dependence at 6 months was
considered as the main outcome. Aspirin versus
heparin (either dose) was taken as the comparison
of interest. The four treatment groups were
labelled as follows:

no treatment: A
aspirin: B

heparin: C

aspirin and heparin: D.

Countries

Data from the different countries in the trial were
used to represent multiple studies in a meta-
analysis. Only countries with more than 100
patients for each arm were considered. As Italy
and the UK enrolled a large number of patients
both were split into three new ‘countries’ by
region. Thus, data from 16 countries were
analysed. As a consequence of omitting some
smaller centres, the overall comparison between
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aspirin and heparin is slightly different from that
obtained in the actual trial.

Sampling scheme

For each comparison, a sample of 100 patients
was drawn at random with replacement from
each relevant treatment arm in each country.
Thus, the samples drawn were all of the same size
regardless of the number of patients actually in
the trial in that country. This eliminated
complications arising from variation in sample
size across trials.

For indirect comparisons, random samples of
patients receiving aspirin (B), heparin (C) or
neither (A) were used to create meta-analyses with
k ‘trials’ comparing AvB and k comparing AvC,
where k = 8, 4, 2 or 1. Various methods for
indirect comparisons were used to estimate the
contrast between aspirin and heparin. Random
samples comparing BvC were also taken from the
same 2k countries. The whole process was
repeated 1000 times.

All analyses were done in Stata 6.0 (Stata
Corporation, Texas, USA, 2000). Meta-analyses
were undertaken using the metan command.!?%10%
Random effects meta-regression was fitted using
the metareg command.'%*1%4

Analyses

The researchers were interested in the
comparison of aspirin and heparin (BvC).
Situations were examined where the comparison
between aspirin and heparin could be estimated
using indirect comparisons. The first situation
(case 1) is examined in most detail as it is the
most likely to occur. However, it was recognised
that indirect comparisons can occur in many
different ways. Three possibilities are examined in
cases 2—4 using the same basic approach as in
case 1. Each of these cases also used data from
patients in the fourth arm of the IST trial who
had received both aspirin and heparin

(denoted D).

Case |: Indirect comparisons by one
route (trials of AvB and AvC)

Estimates based on indirect comparison (using &
trials of AvB and £ trials of AvC) were compared
with estimates from direct comparisons from the
same 2k countries.

The specific methods used to estimate the BvC
treatment effect were as follows.

e Indirect comparison of BvC using each of the
following methods

Method Short name used in tables

Fixed effect adjusted indirect Adjusted indirect (fixed effect)
comparison'* (ratio of odds
ratios for AvB and AvC)

Random effects adjusted
indirect comparison
(DerSimonian and Laird)

Adjusted indirect (random
effects)

Logistic regression
(fixed effect)

Logistic regression

Random effects meta-
regression

Meta-regression (random
effects)

Naive method (adding Naive
numerators and

denominators for treatment

arms)

o Direct comparison of BvC in the same 2k
countries used for indirect comparison

Method Short name used in tables

Inverse variance meta-analysis Meta-analysis (fixed effect)
Logistic regression Logistic regression

Random effects meta-analysis Meta-analysis (random
(DerSimonian and Laird) effects)

In addition, logistic regression analyses were
performed for both direct and indirect
comparisons adjusting for the three covariates
gender, age and risk score, both at the individual
level and using study-level summaries.

Analyses were performed for k£ = 8, 4, 2 or 1,
but some methods could not be used reliably for
small .

The scenario just described is asymmetric
regarding the three treatments, focusing on BvC
as the comparison of interest. As all of the data
were available, it was also possible to set up the
same analyses with, in turn, AvB or AvC as the
comparison of interest. The extent to which these
three analyses would indicate the same
performance of different methods of analysis
depends on the similarity of the amount of
heterogeneity between studies for the different
comparisons.

Additional analyses were performed to examine
the effect of adjusting for patient covariates.
Logistic regression was used with adjustment for
patients’ gender, age and symptom score. Analyses
were done using either individual patient data
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(
(

k = 8,4, 2 or 1) or trial-level summary statistics

k = 8 or 4).

Case 2: Indirect comparison of BvC by
two routes (trials of AvB, AvC and DvB,
DvC)

The same basic approach to sampling was used,
with £ trials of each of the four comparisons.
Indirect comparison of BvC was made using
logistic regression. Analyses were performed for
k=4, 2o0r1.

Case 3: Indirect comparisons of BvC by
two steps (trials of BvD, DvA and AvC)
Here, £ trials of each of three comparisons were
generated, and indirect comparisons made
combining two adjusted indirect comparisons.
Thus, trials of BvD and DvA were combined to
obtain an indirect estimate of the comparison
BvA, and then this estimate was combined with
the estimate for AvC to give an estimate of the
comparison BvC. Analyses were performed for
k=4, 2o0r1.

Case 4: Indirect comparisons of BvC
from multiarm trials (trials of AvBvD
and AvCvD)

Here, £ trials of each of two three-arm
comparisons were generated, and indirect
comparisons made using logistic regression.
Analyses were performed for k = 8, 4, 2 or 1.

Some theoretical results

Precision of indirect estimates

Suppose that a set of trials has been performed on
sets of patients randomly sampled from the same
population. The symbol 6 was used to indicate the
estimated log odds ratio and a subscript in square
brackets to indicate the number of trials being
combined to obtain this estimate. For one trial,
suppose that the estimated treatment effect 6 has
variance o (= [SE(6)]?). Then for a meta-analysis
of 2k trials, all of the same size and assuming a
common true treatment effect, an inverse variance
meta-analysis would provide an estimated variance
of the treatment effect of [SE(G[Q;E])]2 = 0*/2k. The
expected variance from an indirect comparison
based on £ trials for each comparison is

[SE(apg) — Oaci))® =

Thus, one directly randomised trial is as precise as
an indirect comparison based on four randomised
trials of the same size. Put differently, four times
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as many similarly sized trials are needed for the
indirect approach to have the same power as
directly randomised comparisons. This relation
will be approximately true when 6 is estimated
from £ trials of varying sizes.

The 4:1 ratio depends on certain assumptions,
including equal variances for comparisons AvB,
AvC and BvC. Using 7 to denote the between-trial
variance, one requires

ois + TAB = Oic + Tac = Ohc + The

This assumption cannot be tested unless one has
data from all three two-way comparisons, and even
then there are unlikely to be enough trials to allow
reliable estimation of all of these variances.

Fixed effect methods

As with standard meta-analysis, fixed effects
methods for indirect comparisons (the method of
Bucher and colleagues'* and logistic regression)
will underestimate SE?(6) if there is excess
heterogeneity. For the indirect comparison
between B and C,

o 20%
[SE(Oagir) — ‘%c[k])]2 = Y + Tp + Tac

rather than 20%/k given earlier. Heterogeneity in at
least one of the sets of trials will lead to the
estimated SE?(6) being too small. Random effects
analyses would therefore seem to be a safer option
for indirect comparisons.

The naive method

The naive method treats the data as if they came
from a single trial and completely ignores between-
trial variance. To take the simplest case with no
excess heterogeneity, SE%(6) for a single trial of size
n is 0%, as before. A naive comparison between k
arms of treatment A and & arms of treatment B is
equivalent to a single trial of size kn, so that SE*(6)
would be estimated as o*/k, which is half of the
variance from the adjusted indirect comparison by
the method of Bucher and colleagues.'* Thus, in
the case with no heterogeneity the naive method
will give standard errors that are too small by a
factor of 1/V2; that is, about 30% too small. When
there is between-trial heterogeneity, the
underestimation will be even greater.

Results of empirical studies

Tables 4-10 summarise results of analyses of 1000
simulated data sets, constructed as described in
the previous section.
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The content of the columns in Tables 46 is

described in the box below. Tables 7-10 contain the

same information apart from the estimated 7.
Tables 8-10 also do not show estimated coverage.
In the tables the notation & + £ is used to denote
indirect comparisons based on two sets of k trials,
and similarly for three or four sets of trials in
Tables 8 and 9.

Column

2 Estimated odds ratio (obtained as exponential of
the value in column 3)

3 Estimated log odds ratio (mean of 1000 estimated
values), denoted logOR

4 Standard error of the estimated log odds ratio
(mean of 1000 estimated values), denoted
SE (logOR)

5 Standard deviation of 1000 estimates log odds

ratios (provides a non-parametric estimate of
uncertainty of the estimated log odds ratio),
denoted SD(logOR)
Comparison with the standard error (previous
column) indicates the extent to which the method
of analysis (e.g. logistic regression) underestimates
the imprecision of the estimated treatment
effect

6 Median value of 7 from 1000 analyses (for
random effects models only). For indirect
values, this is the median of the average of the
two values of 72 for the two component
comparisons
Positive values indicate heterogeneity above
chance variation between studies. Differences
between values for different comparisons
(e.g. comparing Tables 4 and 5) indicate
non-constant heterogeneity for different
comparisons

7.8 Coverage of the 95% confidence intervals:
percentages of 1000 confidence intervals for the
log odds ratio that were wholly below or wholly
above the value in column 2
For a good method there should be about 2.5%
of confidence intervals that lie wholly below or
wholly above the true value

9,10  Percentages of 1000 trials for which the
comparison of two treatments was statistically
significant (p < 0.05) in favour of each
treatment
The percentages for indirect comparisons can
be compared with the direct comparisons to
show overoptimistic or conservative
methods

Case |: Indirect comparisons by one
route (trials of AvB and AvC)

Table 4 summarises direct and indirect
comparisons of aspirin and heparin (BvC) for
direct comparisons based on 16, 8, 4 and 2 trials

and indirect comparisons based on 8 + 8, 4 + 4,
2+2 and 1 + 1 trials. Thus, for example, the
direct comparison involving 16 trials of BvC is
based on exactly the same amount of data as the
indirect comparison derived from eight trials of
AvB and 8 of AvC. For the direct comparisons
results are shown for an inverse variance meta-
analysis, logistic regression and random eftects
meta-analysis (DerSimonian and Laird). For the
indirect comparisons analyses were made

using the same methods (the inverse variance
meta-analysis approach is that suggested by
Bucher and colleagues'*), and also by the naive
method. Random effects analyses with fewer than
four trials per treatment comparison were not
performed.

Several features of the results can be noted:

e The estimated odds ratio is effectively the same
whichever method was used. The sampling
procedures used should lead to this result.

e As predicted, the results from indirect
comparisons were less precise than those from
direct comparisons. As noted above, a fixed
effect indirect comparison of k+k trials would
be expected to give estimates with twice the
variance as a direct comparison based on 2k
trials (all of the same size). Thus, the standard
error of the indirect estimate is expected to be
about V2 = 1.41 larger than that of the direct
estimate.

e Similarly, the standard error for the indirect
comparison of k+#k trials would be expected to
have the same precision as the direct estimate
from £/2 trials. Table 4 shows that the standard
errors of the fixed effect indirect estimates from
8+8 trials are indeed very similar to those from
4 direct trials, and likewise for indirect 4+4 and
direct 2.

¢ The standard error obtained from the fixed
effect analysis will be too small if there is
between-trial heterogeneity (beyond random
variation). Column 6 shows that there was such
heterogeneity in all cases except for k<4. For
both direct and indirect fixed effect estimates
(first two rows of each section) the empirical
standard deviations of the 1000 estimated log
odds ratios (column 5) exceed the average
standard errors (column 4). An exception here
is the direct comparisons using all 16 trials, for
which there is no obvious explanation.

¢ Equivalent random effects methods seem to
over-correct for heterogeneity, giving standard
errors that are larger than the empirical
standard deviations of estimated log odds
ratios.'"
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e The results for the adjusted indirect inverse
variance meta-analysis are almost identical to
those using logistic regression. Likewise, the
results from the random effects methods
(DerSimonian and Laird meta-analysis and
random effects meta-regression) agree closely
for these data.

e The naive method gives standard errors that are
much smaller than those from all of the valid
methods. Further, the empirical standard
deviations using the naive method were very
much larger than those using proper
approaches. As a consequence, the apparent
standard error of the estimates from the
naive method is only about 40% of the
correct size.

¢ Fixed effect direct and indirect methods do not
give the right coverage: the proportion of
occasions when 95% confidence intervals do
not include the correct value (i.e. the direct
estimate based on all the trials) exceeds 5%
as a consequence of the excess heterogeneity.
By contrast, for random effects models the
coverage is about 5%. Again, only the
direct analyses based on 16 trials do not
follow this pattern. The coverage of the
naive method is awful, with over 40% of
confidence intervals not including the correct
value.

e The probability of obtaining a significant
result (power) in favour of aspirin was
similar for indirect and direct comparisons
of equivalent strength (e.g. direct 4 and
indirect 8+8). Random effects analyses
had a rather lower power than fixed eftect
methods, but also a reduced risk of a
significant result in favour of heparin. As
the number of studies reduces, as expected,
the power falls and the probability of a
significant result in favour of heparin
increases.

¢ The naive method not only gave a much
inflated probability of a significant result, but
also gave a high risk, 12-20%, of a significant
result in favour of heparin. About half of the
analyses using the naive method were
statistically significant in one direction
or the other, for all numbers of trials
considered.

Tables 5 and 6 show the same information as in
Table 4, but for analyses of no treatment

versus heparin and no treatment versus aspirin,
respectively. Although the broad picture

is the same as in Table 4, some differences arise
from variation in the degree of heterogeneity
of the different comparisons. In particular,
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for the direct comparison between no treatment
and heparin (Zable 5) the between-trial
heterogeneity was much less than for the other
two comparisons. In fact, 7 for this comparison
was about one-quarter of 7 for the other two
comparisons, indicating that the spread
(standard deviation) of the distribution of
estimates across trials was twice as great for
aspirin versus heparin and no treatment versus
aspirin as for no treatment versus heparin.

This disparity leads to the underestimation of
standard errors of estimates being greatest

for no treatment versus heparin. In most real
applications one would not be able to

estimate 7 for all three two-way comparisons,
so any such variability would be

hidden.

The effect of adjustment for patient characteristics
was also explored. Table 7 shows for the aspirin
versus heparin comparison the results of
additional logistic regression analyses in which
adjustment was made for three patient variables:
age, gender and prognostic score. The score
indicates the number of symptoms (deficits) that
patients presented at randomisation. Only
symptoms that increased the risk at the 5% level of
statistical significance in univariate analysis were
considered. The score was thus based on the
following deficits: face, arm/hand, leg/foot,
dysphasia, hemianopia and visuospatial.

Separate adjusted analyses were made using
individual data and also using trial-level
summaries (only for analyses of at least 8 trials).
For comparison purposes, the results of
unadjusted logistic regression analyses are
repeated from Table 4. Only fixed effects analyses
were used.

Adjustment for individual patient data had a small
effect on the estimated log odds ratio in both
direct and indirect analyses. There was also

a small inflation of the standard error of the log
odds ratio. Adjustment for study-level summary
data had a rather greater effect on the estimated
log odds ratio in both direct and indirect

analyses, giving results nearer to no effect (OR=1)
than the analyses based on individual data.

There was also a further inflation of the standard
error of the log odds ratio in comparison to

the analyses using individual data. The standard
errors for analyses with adjustment for

study-level summaries were about 50% larger

than the standard errors of unadjusted estimates.
In all cases the standard errors were smaller

than the empirical standard deviations of
estimates.
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An empirical investigation of the properties of different statistical methods used for performing indirect comparisons

Case 2: Indirect comparison of BvC by
two routes (trials of AvB, AvC and DvB,
DvC)

Tables 4-7 consider the simplest indirect
comparison, in which the contrast BvC is

estimated using results from trials of AvB and AvC.

Table 8 shows results from analyses that included a
second pathway for the indirect comparison of
BvC, namely trials of DvB and DvC. Results for
logistic regressions are shown for 4, 2 and 1 trial
per comparison. For comparison the results from
Table 4 are repeated here relating to a single
pathway of twice as many trials: each of the first
four rows of the table thus compares analyses of
the same amount of data. The two sets of results
are very similar, suggesting that the two
approaches are equivalent. In theory they are, but
in practice additional heterogeneity variances are
playing a part and in general one might expect
that the inclusion of additional links would
increase the risk of obtaining an erroneous

result.

Table 8 also shows the results of a random effects
analysis for the case of 4 + 4 + 4 + 4 trials. As
was seen in Table 4, the standard error of the
estimated log odds ratio is larger for the random
effects analysis than for the fixed effect analysis
(first row).

Case 3: Indirect comparisons of BvC by
two steps (trials of BvD, DvA and AvC)
Table 9 shows results from three sets of trials
involving four treatments. In effect, this method
involves two applications of the adjusted indirect
approach in sequence. These results are broadly
compatible with those in the previous tables.
Again, a random effects analysis is shown for the
largest number of trials (4+4+4).

Case 4: Indirect comparisons of BvC
from multiarm trials (trials of AvBvD
and AvCvD)

Lastly, Table 10 shows results from indirect
comparisons of two sets of three-arm trials.
Although these analyses also make use of
treatment D, in this set-up the comparison is
internal (and randomised), unlike in case 2.
Although there is the same number of trials the
number of patients is 50% greater than in

Table 8. As a result, there is a 25% reduction in
variance of the estimated log odds ratio
compared with the results in Table 8. Similarly,
there is a reduction in variance compared with the
simple indirect comparison based on AvB and
AvC, which for comparison is repeated here from
Table 4.

Summary

Several methods have been proposed to estimate
the different effectiveness of treatments not
compared directly in randomised trials. This
investigation focused on variations of widely
available methods: the adjusted indirect
comparison (fixed or random effects), meta-
regression and logistic regression, and also
evaluated the inappropriate ‘naive’ method.

The results of the resampling studies show that all
of the appropriate methods are unbiased and will
give the right answer on average across many such
applications. However, the correctness of the
estimated standard error will depend on strong
but unverifiable assumptions. Little difference was
found in the performance of inverse variance
methods (adjusted indirect comparison) and
logistic regression. But, for this data set, the
results support the use of random effects versions
of either of these approaches. Such a finding is
not surprising given that there are (at least) three
heterogeneity variances that could have an impact
on the results of even the simplest indirect
comparison.

With binary outcomes, logistic regression may
seem preferable to the adjusted indirect
comparison. The results of the two methods are
extremely close when both can be applied. An
advantage of the adjusted indirect comparison for
binary data is that the meta-analysis is not
restricted to the use of the odds ratio, although it
may be possible to use other types of regression
model. The main advantages of logistic regression
are that it can be extended to more complex
situations and it can be used to adjust for
individual- or study-level covariates. In practice,
however, IPD are unlikely to be available and the
use of study-level patient covariates (such as mean
age) is in general too blunt a method to be
informative. Certainly, in this investigation
adjustment for study-level summaries of patient
characteristics led to biased estimates of treatment
effect with inflated standard errors. By contrast,
the ability to include study-level covariates that
relate to the study itself can be valuable, as in the
study by Packer and colleagues.®

This resampling study used the odds ratio as a
measure of effect. While the odds ratio has
desirable statistical properties, it may not always
be the preferred effect measure for a meta-
analysis.’” Adjusted indirect comparisons based on
contrasting separate meta-analyses, such as the
approach of Bucher and colleagues,'* can be
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extended very simply to risk ratio or risk
difference, but logistic regression and some more
complex methods do require the effect measure to
be the odds ratio. For continuous data the
adjusted indirect comparison approach can be
used for either actual or standardised mean
differences, as in the study by Packer and
colleagues.”” The choice here is perhaps simpler,
with a strong preference for using the actual mean
difference as long as the outcome being measured
is the same in the different studies.

These analyses were all based on the data from a
single large trial, with a unified protocol and
hence consistent inclusion criteria. In general,
more variation would be expected between

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

independent component studies contributing to
an indirect comparison. In particular, there may
be differences between the participants in the
trials (and aspects of the trials themselves)
between the two sets of trials being combined.

In addition, the present analyses compared a
treatment with a small benefit (aspirin) with one
with no apparent benefit (heparin). The extent to
which our findings would apply in the more
common case where indirect comparisons are
made when each of two active drugs is better than
placebo (or no treatment) is unknown. Also,
differences between direct and indirect estimates
may be less important where the effect of interest
was large.
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Chapter 6

Statistical discrepancy between the direct and
indirect estimate: empirical evidence from published
meta-analyses

he objective of this chapter is to summarise

empirical evidence about the validity of
indirect comparison by measuring discrepancy
between the direct and the indirect estimates in a
sample of published meta-analyses. It builds on
the findings of the survey of the use of indirect
comparison for evaluating relative efficacy of
competing interventions presented in Chapter 3.
(Note: data in this chapter have previously been
published.!%)

Methods

Identification of relevant reviews
Detailed strategies for identifying relevant meta-
analyses have been described in Chapter 3. In
brief, the hard copies of reviews on DARE (1994 to
December 1998) were available and read. In
addition, the reviews on The Cochrane Library
(Issue 3, 2000) were screened. Included meta-
analyses had to meet two criteria: competing
interventions could be compared both directly and
indirectly, and the same primary studies were not
used in both the direct and indirect comparison.

Comparison methods

The relative efficacy of competing interventions
was estimated using three comparative methods:
the direct (head-to-head) comparison, the adjusted
indirect comparison and the naive indirect
comparison. For the direct comparisons, the
relative efficacy (T'yg) of intervention A versus B
was estimated by comparing the result of group A
and the result of group B within a randomised
trial. When there were two or more similar trials
that compared the same interventions, results of
individual trials were weighted by the inverse of
corresponding variances and then quantitatively
combined. Whenever possible, the random effects
model was used for the quantitative pooling.

The naive indirect estimate of relative efficacy was
obtained simply by comparing the result of
treatment A in trial 1 with the result of

treatment B in trial 2. That is, in a naive indirect

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

comparison, results of individual arms between
different trials are compared as if they are from a
single trial. The variance in the naive indirect
comparison will be similar to the variance in the
direct comparison with the same sample size (see
Chapter 5). When more than one study was
available for a treatment, the results of individual
studies were weighted by the number of
participants in the corresponding arms and then
quantitatively combined (thus, between-trial
variability was not considered).

Adjusted indirect comparisons were conducted
using the method suggested by Bucher and
colleagues.'* In brief, the indirect comparison of
interventions A and B was adjusted by the results
of their direct comparisons with a common
intervention C. Suppose Ta¢ is the estimate of
direct comparison of intervention A versus C, and
Ty is the direct comparison of intervention B
versus C. Then the estimate of the adjusted
indirect comparison of intervention A versus B
(T" B, €.g. log relative risk, mean difference) is
estimated by

T'ap = Tac - Tpc
and its variance is
Var(T' sg) = Var(T¢) + Var(Tyc)

This adjusted method aims to overcome the
potential problem of different prognostic factors
between study participants in different trials, and
it is valid if the relative efficacy of interventions is
consistent in patients across different trials. It
should be noted that the variance in the adjusted
indirect comparison using four trials is equivalent
to the variance in the direct comparison within
one trial of the same size (see Chapter 5). Multiple
studies used in the adjusted indirect comparison
are combined by a random effects model
whenever possible.

Measures of discrepancy
The relative efficacy was measured using mean
difterence for continuous data and log relative risk
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for binary data. The discrepancy between the
direct estimate (1's¢) and the adjusted indirect
estimate (7"pc) was measured by the difference (X)
between the two estimates:

X =TTy

and its standard error is

SE(X) = VSE(T)? + SE (")’

where SE(Tyc) and SE(T"gc) are the estimated
standard errors for the direct estimate and the
adjusted indirect estimate, respectively. The 95%
confidence interval for the estimated discrepancy
was calculated by X + 1.96 * SE(X). The estimated
discrepancy can also be standardised by its
standard error to obtain a value of z = X/SE(X).

In addition, the results of meta-analyses were
categorised as statistically non-significant

(p > 0.05) or statistically significant (p < 0.05).
The statistically significant effect can be further
separated according to whether intervention B was
less or more effective than intervention C. The
degree of agreement in statistical conclusions
between the direct and indirect method was
assessed by a weighted kappa.

Results

The searches identified 28 systematic reviews in
which both the direct and indirect comparison of
competing interventions could be conducted,
although indirect comparison was not explicitly
used in many of these meta-analyses (see
Appendix 8). Some systematic reviews assessed
more than two active interventions, and a total of
44 comparisons could be made using data from
the 28 systematic reviews.

Figure 2 summarises the statistical discrepancies

(z statistics) between the direct and both naive and
adjusted indirect estimates for 43 meta-analyses
(note that one meta-analysis in which the naive
indirect comparison was not available was not
included in Figure 2). There are several significant
discrepancies between the direct and indirect
estimates, but the direction of the difference is
inconsistent. The relative efficacy of an intervention
may be overestimated or underestimated by the
indirect comparison, as compared with the results
of the direct comparison.

Significant discrepancy (|z| > 1.96) was observed
in three of the 44 comparisons between the direct

and adjusted indirect estimate (7%). Between the
direct and the naive indirect estimate, 11 of the 43
comparisons showed statistically significant
discrepancy (26%). The statistical discrepancies
between the direct and the naive indirect estimate
are generally greater than those between the direct
and the adjusted indirect estimate (Figure 2).

Figure 3 shows the relation between the statistical
discrepancy (z) and the number of trials used in
indirect comparisons. Visually, statistical
discrepancies tended to be smaller when the
number of trials was large (>60) than when the
number of trials was small (<40). However, such
tendency was not consistent, as the discrepancy
between the direct and indirect estimate may be
significant even when more than 40 trials have
been used for the indirect comparison (e.g. meta-
analysis 44).

Figure 4 summarises the differences (and their 95%
confidence intervals) between the direct and the
adjusted indirect estimates. Significant discrepancy
(p < 0.05) was observed in three of the 44
comparisons (i.e. the 95% confidence interval did
not include zero). In four other meta-analyses, the
discrepancy between the direct and the adjusted
indirect estimate was borderline significant (i.e.

p < 0.1). The relative efficacy of an intervention
was equally likely to be overestimated or
underestimated by the indirect comparison, as
compared with the results of the direct comparison.

There was a moderate agreement in statistical
conclusions between the direct and the adjusted
indirect method (weighted kappa = 0.53) (1able 11).
In terms of statistical conclusions, 32 of the 44
indirect estimates fell within the same categories of
the direct estimates. According to the direct
comparison, 19 of the 44 comparisons suggested a
statistically significant difference (p < 0.05) between
competing interventions. Compared with direct
estimates, the adjusted indirect estimates were less
likely to be statistically significant. Ten of the 19
significant direct estimates became statistically non-
significant in the adjusted indirect comparison,
whereas only two of the 25 non-significant direct
estimates were significant in the adjusted indirect
comparison. The agreement between the direct and
the naive indirect comparison is much poorer
(weighted kappa = 0.28).

Commentary

A wide range of medical topics has been covered
by the 44 meta-analyses used in this study
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FIGURE 2 Statistical discrepancy between the direct and the indirect estimate: empirical evidence from published meta-analyses.
Solid bars, discrepancy between the direct and adjusted indirect estimate; blank bars, discrepancy between the direct and naive indirect

estimate.
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FIGURE 3 Statistical discrepancy (z value) and the number of trials used in indirect comparison

TABLE 11 Methods of comparison and number of significant findings in 44 meta-analyses of competing interventions

Adjusted indirect estimate

Direct estimate Significant Non-

effect (-) significant
(n =6) effect (n = 33)

Significant effect (-) 5 3

(n=8)

Non-significant effect | 23

(n =250r24)

Significant effect (+) 0 7

(n=11I)

Naive indirect estimate

Significant Significant Non- Significant
effect (+) effect (-) significant effect (+)
(n=15) n=9) effect(n=19) (n=15)
0 3 5 0
| 5 I 8
4 | 3 7

Non-significant effect: difference between intervention groups is statistically non-significant (p > 0.05); significant effect
(p = 0.05) is separated according to whether the intervention A is less (—) or more effective (+) than intervention B.
Agreement between the direct and the adjusted indirect estimate: weighted kappa value 0.53; agreement between the
direct and the naive indirect estimate: weighted kappa value 0.28.

(Appendix 8). The patient categories include
those with an increased risk of vascular occlusion,
HIV-infected patients, those with GORD,
postoperative pain or dyspepsia, and cigarette
smokers. These meta-analyses were used to obtain
data for examining discrepancies between the
difterent comparative methods. The study did not
critically appraise the methodological quality of
these meta-analyses and of primary trials in these
meta-analyses.

The findings presented in this paper suggest that
the direction of discrepancy between the direct
and the indirect estimate is unpredictable, but the
discrepancy in the adjusted indirect comparison is
generally less than that in the naive indirect
comparison. The observed significant
discrepancies between the direct and the indirect
estimates may be explained by many possible
factors, such as random errors, baseline prognostic
characteristics, interventions other than those
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compared, follow-up period and methods for
outcome measurement.

Direct versus naive indirect estimate
Evidence from the naive indirect comparisons can
be considered to be equivalent to results from
observational or non-randomised controlled
research. To explain the discrepancies between the
direct and the naive indirect estimates, the most
important factor that should be considered is lack
of comparability between patients in different
studies. The observed difference between
treatment groups in the naive indirect comparison
may be due not to different interventions of
interest, but to different prognostic characteristics
among patients in the different studies
(confounding).

Random error may be a cause of discrepancy
between the direct and the naive indirect estimate.
When |z| = 1.96 is used as the cut-point for
statistical significance, the chance of a type I error
is 5%, that is, observing significant discrepancy
even if the null hypothesis is true. Because the
naive indirect estimates tend to be overprecise (see
Chapter 5), the statistical discrepancies between
the direct and the naive indirect method will be
great, compared with those between the direct and
the adjusted indirect method.

Eleven of the 43 comparisons show statistically
significant discrepancy between the direct and the
naive indirect estimate. In seven of these 11
examples with significant discrepancy, the point
estimate by the naive indirect comparison is in the
opposite direction to that by the direct
comparison. Because of the high frequency of
statistically significant discrepancy and
unpredictable direction of such discrepancy, the
naive indirect method should be avoided in the
analysis of data from randomised trials.

Direct versus adjusted indirect estimate
Discrepancies between the direct and the adjusted
indirect estimate may also be due to random errors.
However, because of the wider confidence interval
provided by the adjusted indirect comparison, the
discrepancies between the direct and the adjusted
indirect estimate are less likely to be statistically
significant than those between the direct and the
naive indirect estimate. Indeed, the statistically
significant results by using the direct comparison
often become statistically non-significant in the
adjusted indirect comparison (1able 11).

More importantly, perhaps, prognostic
characteristics of participants in different studies

have been taken into account partially by the
adjusted indirect method. The adjusted indirect
method has partially preserved the rigour of
randomisation by considering direct comparisons
of interventions of interest with the same control
intervention. An underlying assumption in this
adjusted method is that the relative efficacy of an
intervention is consistent in participants in
different studies. It is important to examine the
generalisability of results of trials in the adjusted
indirect comparison.

Of the 44 comparisons, three showed significant
discrepancy (p < 0.05) between the direct and
adjusted indirect estimates.?”**197 These three
cases will be further discussed in Chapter 7.

Combination of the direct and the
adjusted indirect estimates

It is often the case that direct evidence is available
but not sufficient. In such cases, the adjusted
indirect comparison may provide supplementary
information in evaluating relative efficacy of
competing interventions.” Sixteen of the 44 direct
comparisons included are based on one
randomised trial, while the adjusted indirect
comparisons were based on a median of 19 trials
(range 2-86). Such a large amount of data
available for adjusted indirect comparisons could
be used to strengthen conclusions based on the
direct comparisons, especially when there are
concerns about the methodological quality of the
single direct comparison trial.

Results of the direct and the adjusted indirect
comparison could be quantitatively combined to
increase statistical power or precision, when there
is no important discrepancy between the two
estimates. The statistically non-significant relative
effect estimated by the direct comparison may
become statistically significant by combining the
direct and the adjusted indirect estimate, for
example, in two of the 44 meta-analyses (Figure 5).

It is also possible that the significant relative effect
estimated by the direct comparison would become
non-significant after being combined with the
adjusted indirect estimate. HyRA versus sucralfate
for non-ulcer dyspepsia from a Cochrane
systematic review provides an example.!”® In this
example, the direct comparison based on one
randomised trial found that HoRA was less
effective than sucralfate [relative risk (RR) 2.74,
95% CI 1.25 to 6.02], while the adjusted indirect
comparison indicates that HoRA was as effective as
sucralfate (RR 0.99, 95% CI 0.47 to 2.08). The
discrepancy between the direct and the adjusted
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FIGURE 5 Combining the direct and the adjusted indirect estimates in two meta-analyses

indirect estimate is statistically significant overestimated or underestimated by the indirect
(z = 1.84). The combination of the direct and comparison compared with results of the direct
adjusted indirect estimate provided a statistically comparison.

non-significant relative risk of 1.56 (95% CI 0.93

to 2.75). In cases like this, one may question The naive indirect comparison should be avoided
whether it is appropriate to combine the two owing to its unpredictable nature and very high
estimates. If it is inappropriate, then one needs to frequency of statistically significant discrepancies
investigate sources of significant discrepancy and between the direct and the naive indirect estimate
determine which estimate is more believable. (11/43). In contrast, the adjusted indirect method

has two advantages: partially taking into
consideration patient prognostic characteristics

Summary and wider confidence intervals. Empirical
evidence presented in this chapter has confirmed
Forty-four analyses from 28 published meta- these theoretical advantages. There is no
analyses were available to compare competing statistically significant discrepancy between the
interventions both directly and indirectly. There direct and the adjusted indirect estimate in most
were considerable statistical discrepancies cases (41/44). When direct evidence is available but
between the direct and the indirect estimate, not sufficient, the direct and the adjusted indirect
but the direction of such discrepancy was estimate could be combined to obtain a more
unpredictable. The relative efficacy may be precise estimate.
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Chapter 7

Detailed case studies

his chapter first examines five comparisons

from the sample of meta-analyses included in
Chapter 6.2740:1077109 The reason for selecting the
five cases is that they showed a statistically
significant discrepancy (z > 1.64) between the
direct and the adjusted indirect estimate. It may
be interesting to note that four of these five

examples were about the treatment with HoRA or
PP].40.107-109

Following this, further empirical evidence is
provided about indirect comparisons, using a
systematic review of antimicrobial prophylaxis in
colorectal surgery.®

Five cases with significant
discrepancy

Case |: Chiba and colleagues (1997)%°
This meta-analysis evaluated speed of healing and
symptom relief in grade II-IV GORD. The review
included only randomised trials but did not
directly compare different interventions, although
it has presented sufficient data for both direct and
indirect comparison of HoRA and PPI.

By pooling data from 13 trials that compared
HoRA and PPI directly, the healing proportion in
patients receiving HoRA was lower than that in
patients receiving PPI (RR 0.56, 95% CI 0.48 to
0.66). The adjusted indirect comparison between
HoRA and PPI was carried out using 11 trials that
compared HyRA versus placebo and two trials that
compared PPI versus placebo (Figure 6). The
adjusted indirect estimate (RR 0.26, 95% CI 0.14
to 0.48) was statistically significantly different from
the direct estimate (z = 2.35). However, there may
be no important clinical implication associated
with this statistically significant discrepancy. The
discrepancy may be quantitative rather than
qualitative since both the direct and adjusted
indirect estimates are in the same direction. In this
example, the naive indirect estimate is also
statistically significantly different from the direct
estimate (z = —2.95) (Figure 6a).

Figure 6(b) presents results of each intervention
group from trials used in the direct and indirect
comparisons of HyRA and PPI. Patients receiving

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

placebo had worse outcome in two PPI trials
(12.0%) than those receiving placebo in 11 HyRA
trials (35.3%). One explanation for this
observation may be that the patients in the two
PPI trials were more severe than those in the
HoRA trials. However, further investigation is
impossible because detailed data on patient
characteristics were not available.

Case 2: Rostom and colleagues (2000)'%’
This systematic review assessed the effectiveness of
interventions for the prevention of NSAID-
induced upper gastrointestinal toxicity. The
interventions of interest include misoprostol,
HsRA and PPI. Although the authors of this
review did not make any indirect comparisons, the
data from the individual studies are sufficient to
compare PPI and HyRA both directly and
indirectly. In a trial that directly compared PPI
and HyRA in reducing total endoscopic ulcers,
significant difference in favour of PPI was
observed (RR 0.28, 95% CI 0.15 to 0.51). The
adjusted indirect comparison was conducted using
three trials that compared PPI versus placebo and
six trials that compared HoRA versus placebo.
Significant discrepancy was observed between the
direct estimate and the adjusted indirect estimate,
and between the direct and the naive indirect
estimate (Figure 7).

In this review the authors concluded that low-dose
HoRA was less effective than high-dose HoRA.
Because low dose HoRA was used in the trial of
direct comparison, the indirect comparisons were
also conducted after separating HoRA trials into
subsets of high dose and low dose (according to
authors’ original definition). Results of the
sensitivity analysis indicate that the discrepancy
between the direct and the adjusted indirect
estimate was reduced but still statistically
significant when low-dose HoRA was compared
with PPI. The naive indirect estimate in this
example is also significantly different from the
direct estimate. According to the naive indirect
estimate, there is no significant difference in total
endoscopic ulcers between the PPI and HoRA
treatment.

Figure 7(b) presents the results of each intervention
group from the trials included. It can be seen that
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FIGURE 6 Chiba et al.:*’ H,RA versus PPl for GORD (healing proportion). (a) Solid circle, direct estimate; square, adjusted indirect;
cross, naive indirect. The numbers shown in the figure are the number of trials (patients). (b) Results of each intervention group from

trials used in the direct and indirect comparison of H,RA and PPI.

patients receiving PPI had better outcome while
patients receiving HoRA had worse outcome in the
trial that directly compared PPI and HyRA,
compared with patients receiving the same
intervention in placebo-controlled trials.

Table 12 presents some characteristics of studies
involved in the direct and indirect comparisons. It
seems that patients in PPI trials and in HoRA trials
were similar. The results of individual trials and
meta-analyses are shown in Figure §. There was no
significant heterogeneity across trials for any set of
trials. Thus, the causes of the statistically
significant discrepancy were unknown.

The observed statistical discrepancy between the
direct and adjusted indirect estimate may not be
clinically important in this case. The results of the

direct and adjusted indirect method both
suggested that PPI was superior to HyRA. Since
the direct estimate was based on only one trial that
was not double blinded, the relative efficacy of PPI
versus HoRA in preventing NSAID-induced
endoscopic ulcers may not be as great as had been
suggested by the direct estimate.

Case 3: Soo and colleagues (2000)'%®
This Cochrane systematic review evaluated
pharmacological interventions for non-ulcer
dyspepsia. The authors attempted indirect
comparisons of different drugs and used multiple
regression in these (adjusted) indirect
comparisons. Only one comparison had sufficient
data for both a direct and an adjusted indirect
estimate, and this is discussed below.
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FIGURE 7 Rostom et al.:"% PPl versus H,RA for preventing chronic NSAID-induced upper gastrointestinal toxicity (endoscopic ulcers).
(a) Solid circle, direct estimate; square, adjusted indirect; cross, naive indirect. The numbers shown in the figure are the number of

trials (patients). (b) Results of each intervention group from trials used in the direct and indirect comparison of H,RA and PPI.

One trial compared HyRA and sucralfate directly
and observed a significant difference in global
symptom assessment between the two
interventions (RR 2.74, 95% CI 1.25 to 6.02). The
adjusted indirect comparison involved eight
placebo-controlled HyoRA trials and two placebo-
controlled sucralfate trials (Figure 9). The adjusted
indirect estimate indicates no difference between
HoRA and sucralfate (RR 0.99, 95% CI 0.47 to
2.08). The discrepancy between the direct estimate
and the adjusted indirect estimate is statistically
significant (z = 1.85) (Figure 10).

Figure 10(b) indicates that the result of sucralfate
arm in the direct trial is extremely good compared
with trials used in the adjusted indirect
comparison. This cannot be explained easily by
factors such as different underlying risk because

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

the result of HoRA arm in the direct trial was

similar to that in the trials involved in the adjusted

indirect comparison. The scrutiny of
characteristics of studies in Table 13 provided no
obvious explanation for the observed discrepancy
between the direct and indirect estimates and
heterogeneity among trials. In this case, the
discrepancy between the direct and adjusted
indirect comparison was clinically important. The
result of the direct comparison by the small and
open trial may not be more believable than the
result of the adjusted indirect comparison.

Case 4; van Pinxteren and colleagues
(2000)'°

This Cochrane systematic review evaluated short-
term treatment for GORD-like symptoms. For the
comparison of empirical treatment of heartburn
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Review: The validity of indirect comparisons for estimating the relative efficacy of competing interventions
Comparison: 0l PPl vs H,RA for preventing NSAID-induced upper gastrointestinal ulcers (Rostom et al., 2000)

Outcome: 01 Total endoscopic ulcers (3—12 months)
Study Arm | Arm 2 RR (random) RR (random)
or subcategory n/N n/N 95% ClI 95% ClI
0l PPl vs H,RA
Yeomans 12/210 44/215 —i— 0.28 (0.15t0 0.51)
Subtotal (95% Cl) 210 215 - 0.28 (0.15t0 0.51)
Total events: 12 (Arm 1), 44 (Arm 2)
Test for heterogeneity: not applicable
Test for overall effect: Z = 4.10 (p < 0.0001)
02 PPl vs placebo
Cullen 3/83 14/85 —— 0.22 (0.07 to 0.74)
Ekstrom 4/86 15/91 —— 0.28 (0.10 to 0.82)
Hawkey 42/274 69/155 - 0.34 (0.25 to 0.48)
Subtotal (95% Cl) 443 331 > 0.33 (0.24 to 0.45)
Total events: 49 (Arm 1), 98 (Arm 2)
Test for heterogeneity: 2 = 0.61,df =2 (p = 0.74), 12 = 0%
Test for overall effect: Z = 7.16 (p < 0.00001)
03 H2RA (high dose) vs placebo
Hudson 10/39 21/39 —a— 0.48 (0.26 to 0.87)
Taha 9/97 24/93 —— 0.36 (0.18t0 0.73)
Ten Wolde 3/15 8/15 s — 0.38 (0.12 to 1.15)
Subtotal (95% ClI) 151 147 - 0.42 (0.27 to 0.64)
Total events: 22 (Arm 1), 53 (Arm 2)
Test for heterogeneity: x2 = 0.39, df = 2 (p = 0.82), 12 = 0%
Test for overall effect: Z = 4.03 (p < 0.0001)
04 H2RA (low dose) vs placebo
Ehsanullah 10/151 17/146 s | 0.57 (0.27 to 1.20)
Levine 24/248 34/248 —— 0.71 (043 to 1.15)
Taha 14/95 24/93 — 0.57 (0.32 to 1.03)
Subtotal (95% ClI) 494 487 > 0.63 (0.45 to 0.88)
Total events: 48 (Arm 1), 75 (Arm 2)
Test for heterogeneity: y2 = 0.38, df = 2 (p = 0.83), 12 = 0%
Test for overall effect: Z = 2.67 (p = 0.007)
0.1 02 05 I 2 5 10
Favours arm | Favours arm 2

FIGURE 8 Results of individual trials involved in the direct and indirect comparisons in the meta-analysis by Rostom et al

remission with PPI or HyoRA, the direct estimate
(RR 0.67, 95% CI 0.57 to 0.80) was statistically
significantly different from the adjusted indirect
estimate (RR 0.45, 95% CI 0.31 to 0.66). This
statistical discrepancy may have no actual clinical
importance in this review, since both estimates
indicated a significant benefit of PPI versus HoRA
in the empirical treatment for heartburn remission
(Figure 11).

Case 5: Zhang and Li-Wan-Po (1996)%
This meta-analysis evaluated the analgesic efficacy
of paracetamol plus codeine in surgical pain. (The
author, WY Zhang, supplied data for individual
studies that were not available in the published
article.) The direct comparison indicated that
paracetamol plus codeine was more efficacious

| 107

that paracetamol alone (mean difference in the
sum of pain intensity difference 6.97, 95% CI 3.56
to 10.37). The adjusted indirect comparison did
not show significant difference between
paracetamol plus codeine and paracetamol alone
(mean difference —1.16, 95% CI —6.95 to 4.64)
(Figure 12).

Results of each intervention group from trials
involved in the direct and the indirect
comparisons are presented in Figure 12(b). The
improvement in pain intensity was much less in
patients receiving placebo in placebo-controlled
trials of paracetamol plus codeine than in placebo-
controlled trials of paracetamol alone. It suggests
that patients in the placebo-controlled trials of
paracetamol plus codeine may be different to
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Review: The validity of indirect comparisons for estimating the relative efficacy of competing interventions
Comparison: 02 H;RA vs sucralfate for non-ulcer dyspepsia (Soo et al., 2000)
Outcome: 0l Global symptom assessment at the end of treatment
Study Arm | Arm 2 RR (random) RR (random)
or subcategory n/N n/N 95% CI 95% ClI
01 H,RA vs sucralfate
Misra 17/47 7/53 —— 2.74 (1.25 t0 6.02)
Subtotal (95% ClI) 47 53 —— 2.74 (1.25 to 6.02)
Total events: 17 (Arm 1), 7 (Arm 2)
Test for heterogeneity: not applicable
Test for overall effect: Z = 2.51 (p = 0.01)
02 HRA vs placebo
Delattre 54/209 102/209 s 0.53 (0.40 to 0.69)
Gotthard 29/63 34/55 —= 0.74 (0.53 to 1.04)
Hadi 0/26 17/25 — 0.03 (0.00 to 0.43)
Hansen S51/111 42/110 e 1.20 (0.88 to 1.64)
Kelbaek I'1/24 10/26 —— 1.19 (0.62 to 2.29)
Nesland 23/44 32/46 —= 0.75 (0.53 to 1.06)
Saunders 21/103 48/118 —— 0.50 (0.32 to0 0.78)
Singal 10/271 9/29 —— 0.57 (0.32 to 0.99)
Subtotal (95% ClI) 607 618 A g 0.70 (0.52 to 0.96)
Total events: 199 (Arm I), 304 (Arm 2)
Test for heterogeneity: 2 = 27.85, df = 7 (p = 0.0002), 12 = 74.9%
Test for overall effect: Z = 2.25 (p = 0.02)
03 Sucralfate vs placebo
Gudjonsson 16/50 14/45 1.03 (0.57 to 1.86)
Kairaluoma 18/79 32/72 —— 0.51 (0.32 to 0.83)
Subtotal (95% CI) 129 17 0.71 (0.36 to 1.40)
Total events: 34 (Arm 1), 46 (Arm 2)
Test for heterogeneity: x2 = 3.19,df = | (p = 0.07), 12 = 68.7%
Test for overall effect: Z = 0.99 (p = 0.32)
0. 02 05 I 2 5 10
Favoursarm | Favours arm 2

FIGURE 9 Results of individual trials involved in the direct and indirect comparisons in the meta-analysis by Soo et al.'%®

those in the placebo-controlled trials of
paracetamol alone. The possible difference in
baseline risk is taken into consideration in the
adjusted indirect comparison, which indicates that
there is no difference between paracetamol plus
codeine and paracetamol alone. When the
different baseline risk has not been considered,
the naive indirect comparison yields a result that is
opposite to the direct estimate (Figure 12a).

In this case, the significant discrepancy may be
due to different types of surgical pain and/or
different doses of paracetamol/codeine used in
different trials. When the analysis was restricted to
trials of dental surgery, the discrepancy between
the direct and the adjusted indirect estimate was
still significant (ZTable 14). Further scrutiny of the
included trials found that the majority of the trials
(n = 10) in the direct comparison used a dose of
600-650 mg for paracetamol and 60 mg for
codeine, whereas many placebo-controlled trials

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

(n = 29) used a dose of 300 mg for paracetamol
and 30 mg for codeine. When the analysis
included only trials that used paracetamol
600-650 mg and codeine 60 mg, the adjusted
indirect estimate (5.72, 95% CI -5.37 to 16.81)
was no longer significantly different from the
direct estimate (7.28, 95% CI 3.69 to 10.87). Thus,
the significant discrepancy between the direct and
the indirect estimate based on all trials could be
explained by the fact that many placebo-controlled
trials used low doses of paracetamol (300 mg) and
codeine (30 mg). This example suggests that the
similarity of trials involved in the adjusted indirect
comparison should be carefully assessed.

Relative efficacy of antimicrobial
prophylaxis in colorectal surgery

(Note: this section is based on an article published

in Controlled Clinical Trials.®") 55
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FIGURE 10 Soo et al.:"% H,RA versus sucralfate (Sucr) for non-ulcer dyspepsia (global symptom assessment). (a) Solid circle, direct
estimate; square, adjusted indirect; cross, naive indirect. The numbers shown in the figure are the number of trials (patients).
(b) Results of each intervention group from trials used in the direct and indirect comparison of H,RA and sucralfate.

In a systematic review of antibiotic prophylaxis for
preventing surgical wound infection after
colorectal surgery,® 147 randomised trials were
identified in which more than 70 different
antibiotics or combinations of antibiotics were
assessed. Only a limited number of antibiotics was
directly compared within the trials. If all 70
options had been directly compared, over 2400
trials would have been required, without
considering different dosages, routes and timing
of administration of the same drug.

Using this systematic review as an example, this
section aims to explore the potential usefulness
and limitations of indirect comparison in
evaluating the relative efficacy of competing
interventions.

Method

From the systematic review of antimicrobial
prophylaxis in colorectal surgery 11 sets of trials

were identified in which different antibiotics could
be compared both directly and indirectly.” Each
set of trials contains at least three trials that tested
three different antibiotics (or combinations of
antibiotics). For example, suppose a set of trials
includes a trial that compared antibiotic A with B,
a trial that compared A with C, and a trial that
compared B with C. Then the trials in this set
could be used for three different comparisons:

A versus B, A versus C and B versus C.

For each comparison the relative efficacy of
antimicrobial prophylaxis (i.e. odds ratio for
surgical wound infection) was estimated using
three different methods: direct comparison,
adjusted indirect comparison and naive indirect
comparison. The method suggested by Bucher
and colleagues was used to carry out the adjusted
indirect comparison.!* Results from more than one
trial were weighted by the inverse of
corresponding variances and then quantitatively
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FIGURE 11 van Pinxteren et al.:'%? PPl versus H,RA for reflux disease-like symptoms (heartburn remission). (a) Solid circle, direct

estimate; square, adjusted indirect; cross, naive indirect. The numbers

shown in the figure are the number of trials (patients).

(b) Results of each intervention group from trials used in the direct and indirect comparison of H,RA and PPI.

pooled to obtain an overall estimate. The naive
indirect method compared the results of single
arms included in the trials that had been used in
the adjusted indirect comparison. In the naive
indirect comparison, when relevant the results of
more than one trial were pooled by adding up the
number of surgical wound infections and the
number of patients.

As an example, Table 15 presents data from a set of
three trials that could be used to conduct three
different comparisons: cefuroxime plus
metronidazole (Cefur-M) versus co-amoxiclav (Co-
A),'0 cefuroxime plus metronidazole (Cefur-M)
versus cefotaxime plus metronidazole (Cefot-M)
and co-amoxiclav versus cefotaxime plus
metronidazole.''? Table 16 shows the results of
different analyses for each of the three

111
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comparisons. For instance, Cefur-M and Co-A
were directly compared in the trial conducted by
Palmer and colleagues.'!” The indirect
comparison of Cefur-M and Co-A was based on
the other two trials that included the common
intervention Cefot-M.!'112 1 jkewise, the direct
comparison of Cefur-M and Cefot-M was based on
the results obtained by Rowe-Jones and
colleagues,''! and the indirect comparison was
based on the two trials with a common
intervention, Co-A.!10:112

The results of the two indirect methods were
compared with the results from the gold standard
of direct comparison. In this example, the
discrepancy was defined as the absolute value of
difference in log odds ratio between the direct

method and the indirect method. To take into 57
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FIGURE 12 Zhang and Li Wan Po:*’ paracetamol (Para) plus codeine (Code) versus paracetamol alone in surgical pain (analgesic
efficacy). (a) Solid circle, direct estimate; square, adjusted indirect; cross, ndive indirect. The numbers shown in the figure are the
number of trials (patients). (b) Results of each intervention group from used in the direct and indirect comparison of paracetamol plus

codeine and paracetamol alone.

account the precision of estimated discrepancy,
the corresponding z statistic was calculated by
dividing the difference in log odds ratio by the
square root of the sum of the variances. The
cut-off point for statistical significance was
arbitrarily considered to be z = 1.64 (or two-sided
p-value = 0.10).

The difference in log odds ratio can be converted
into the ratio of odds ratios (i.e. the antilogarithm
of difference in log odds ratio). For example, when
the difference in log odds ratio is 1.0, the
corresponding ratio of odds ratios is 2.72. It can
be mathematically shown that the absolute value
of discrepancy between the adjusted indirect
method and the direct method will be the same
for three different comparisons using the same set
of trials. For example, it was 1.636 for all three
comparisons in Table 16 (this example corresponds
to trial set 5 in Figure 13).

Results

The results presented in Figure 13 indicate that
considerable discrepancies exist between the direct
and indirect comparisons. In each set of trials, the
discrepancies between the direct and the adjusted
indirect method were the same in three different
comparisons. In contrast, the discrepancies
between the direct and the naive indirect
comparisons were unpredictable and varied
greatly across the different comparisons.

The discrepancies between the direct and the
naive indirect comparisons may be either smaller
or greater than those between the direct and the
adjusted indirect comparisons (Figure 13),
depending on which interventions have been
compared using a given set of trials. In nine of the
11 sets of trials, there is a naive indirect
comparison with a greater discrepancy than the
adjusted indirect comparison. The significant
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TABLE 14 Direct and adjusted indirect estimates of efficacy of paracetamol plus codeine versus paracetamol alone for surgical pain?’

Trials Mean difference in standardised score for the sum of pain

intensity difference (95% CI)

Direct comparison Adjusted indirect comparison
All trials 6.97 (3.56 to 10.37) —1.16 (—6.95 to 4.64)
n=13 n = 12,n, =3I
Dental surgery trials only 7.07 (3.37 to 10.78) —1.40 (-8.27 to 5.46)
n=1I n=7,n=15
Trials that used paracetamol 7.28 (3.69 to 10.87) 5.72 (-5.37 to 16.81)
600—650 mg and codeine n=10 n=2n=12

60 mg

Discrepancy
between the
direct and adjusted
indirect estimates

8.13 (p = 0.018)

8.47 (p = 0.033)

1.56 (p = 0.793)

n, n; and n, are the number of trials used in the direct comparison and indirect comparison, respectively.
Trials included dental surgery, episiotomy, postpartum uterine cramp, orthopaedic and other surgery. Doses of paracetamol

ranged from 300 to 1000 mg and the dose of codeine was 30 or 60 mg.

TABLE 15 Example: a set of trials that could be used to compare different antibiotic regimens both directly and indirectly for

preventing surgical wound infection in colorectal surgery

Trial Cefur-M Co-A
SWl/n SWl/n
Palmer et al., 1994''° 2/79 8/69
Rowe-Jones et al., 1990'" 33/454 -
Kwok et al., 1993''2 - 7/76

n, number of patients; SWI, surgical wound infection.

Cefot-M
SWi/n

32/453

8/88

TABLE 16 Example: results of different methods for each comparison between antibiotics, using the trials presented in Table 15

Comparison Direct method Naive indirect method
InOR (95% CI) InOR (95% CI)

Cefur-M vs Co-A —1.619 (-3.205 to —0.034) -0.258 (-1.112 to 0.596)
A =136l
z = 1.481

Cefur-M vs Cefot-M 0.031 (-0.474 to 0.535) —1.348 (-2.929 to 0.233)
A =-1379
z=-1.629

Co-A vs Cefot-M 0.0144 (-1.050 to 1.079) 0.545 (-0.275 to 1.365)
A = 0.531
z=10.775

Adjusted indirect method

InOR (95% CI)
0.016 (-1.162 to 1.194)
A= 1636
7= 1623

—1.605 (-3.514 to 0.305)
A=-1.636

z=-1.623

1.650 (-0.014 to 3.314)

A=1.636
z=1.623

InOR, log odds ratio; A, difference in log odds ratio between the indirect method and the direct method.
The z statistic was calculated by dividing the difference in log odds ratio by the square root of the sum of the variances.
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Detailed case studies
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Absolute difference in log odds ratio
(Ratio of odds ratios)

FIGURE 13 Absolute difference in log odds ratio between the direct and the adjusted indirect comparisons, and between the direct
and the naive indirect comparisons. Solid bars, difference between the direct and the adjusted indirect comparison; open bars,
difference between the direct and the naive indirect comparison; dotted lines, standard error of difference in log odds ratio. Results are
from || sets of trials of antimicrobial prophylaxis in colorectal surgery. For each set of trials, the absolute discrepancies by the adjusted
indirect comparisons are the same and therefore only one solid bar is presented. Conversely, for each set of trials, absolute
discrepancies by three naive indirect comparisons often vary greatly.

discrepancies (|z| 2 1.64) occurred in five of the many possible factors, including chance error,

11 sets for the naive indirect comparison (45%) study quality and other factors associated with the

and two of the 11 for the adjusted indirect internal and external validity of studies. Because

comparison (18%). of the relatively small sample size (number of trials
and patients) in many sets of trials, the

The observed discrepancy between the direct and discrepancies between the direct and the indirect

the indirect comparison may be explained by comparisons may have been exacerbated in this
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example. In general, the discrepancy between the
direct and the adjusted indirect comparison
should be investigated by examining the external
and internal validity of the trials involved.

Summary

Five examples from Chapter 6

Although statistically significant discrepancy has
been observed between the direct and the adjusted
indirect estimate, these examples indicate that
such discrepancy may not be clinically important.
The direct and the adjusted indirect estimates may
be in the same direction and the difference is
quantitative rather than qualitative in

three*® 197199 of the five examples. The remaining
two examples suggest that the discrepancy
between the direct and the adjusted indirect
estimate may be clinically important,?”!% in which
statistically significant relative efficacy observed by
the direct comparison was not confirmed by the
adjusted indirect comparison.

Study-level characteristics reported in the
published meta-analyses are not sufficient for
detailed investigation of sources of significant

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

discrepancy between the direct and the indirect
estimate of relative efficacy of competing
interventions.

Example of antimicrobial prophylaxis in
colorectal surgery

From a systematic review of antimicrobial
prophylaxis in colorectal surgery, 11 sets of
randomised trials were identified that could be
used to compare antibiotics both directly and
indirectly. The discrepancy between the direct and
the indirect comparison is defined as the absolute
value of difference in log odds ratio.

Considerable discrepancies exist between the
direct and the adjusted indirect comparisons. The
adjusted indirect comparison has the advantages
that the prognostic factors of participants in
different trials can be partially taken into account
and more uncertainty be incorporated into its
result by providing a wider confidence interval.
The findings of this section indicate that the
discrepancy between the direct and the naive
indirect estimate is more unpredictable and more
likely to be statistically significant than that
between the direct and the adjusted indirect
estimate.
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Chapter 8

Discussion

Indirect comparisons based on
randomised trials: current
practice

Indirect comparisons are commonly used for
evaluating the relative effectiveness of alternative
interventions, with approximately 9.5% of meta-
analyses of RCTs identified through DARE
including some form of indirect comparison
(Chapter 3). Even when only randomised trials are
included, the strength of the randomisation
procedure is weakened when making indirect
comparisons because of the need to combine
information across separate sets of trials.

Indirect comparisons are sometimes carried out
implicitly and the results interpreted as if from
direct comparisons within randomised trials.
Indeed, the findings of direct comparisons are
sometimes ignored, even when data are available.
The use of inferior indirect methods and the
inappropriate interpretation of results of indirect
comparison may result in misleading estimates of
relative efficacy of competing healthcare
interventions. Poor methods of analysis could even
yield results that are inferior to those obtained
through non-randomised studies (as discussed
below).

The survey of published meta-analyses indicates
that results obtained through indirect comparisons
are not always consistent with the findings
obtained by direct comparisons. Data available in
28 identified meta-analyses allowed 44 analyses to
be undertaken comparing competing
interventions both directly and indirectly (Chapter
6). Indirect comparisons can be broadly classified
as either naive or adjusted. The naive approach
refers to the comparison of results of single arms
between different trials. In the adjusted indirect
comparison, the comparison of the interventions
of interest is adjusted by the results of their direct
comparison with a common control group (e.g.
placebo). Empirical evidence from the 40 analyses
undertaken in Chapter 6 shows the naive
approach to be a highly unpredictable method for
making indirect comparisons, with a very high
frequency of statistically significant discrepancies
from the direct estimate. By contrast, for adjusted
indirect comparisons there was no clear evidence
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of significant differences from the direct estimates
beyond expectation by chance. However, the
amount of direct randomised evidence was rather
limited in many of the systematic reviews in the
sample.

Performance of different methods
of making indirect comparisons

Many systematic reviews were found to include
indirect comparisons, yet few reviewers perform
formal analyses. Perhaps this lack reflects the fact
that there are few publications discussing the
analysis of such data (Chapter 4). While the valid
methods make assumptions that cannot easily be
tested, it may be better to use these explicit formal
approaches than for reviewers (and readers) to
make such comparisons informally.

The recommended methods can all be described
as adjusted indirect comparisons, in which two
treatments are compared via their relative effect
versus a common comparator. The main types of
analysis are the simple weighted combination of
separate estimates (e.g. as suggested by Bucher
and colleagues'?), meta-regression and generalised
linear models (e.g. logistic regression). Although
several examples were found of the use of a naive
method in published reviews, no methodological
paper with a recommendation to use this strategy
was found.

The simulation studies (Chapter 5) showed that all
of these methods are unbiased and will give the
right answer on average across many such
applications. However, the correctness of the
standard error of the estimated treatment effect
will depend on strong but unverifiable
assumptions. Little difference was found in the
performance of fixed effect methods for adjusted
indirect comparisons, but they tended to give
confidence intervals that were too narrow. Partly
for this reason, and also in view of additional
study heterogeneity compared with the usual case
of direct evidence only, a random effects method
will usually be appropriate if formal meta-analysis
is applied (with the usual provisos regarding the
application of such models, such as having enough
trials).
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The analyses described in Chapter 5 were all
based on the data from a single, large trial, with a
unified protocol and hence consistent inclusion
criteria. Thus, the usual sources of heterogeneity
were not present, except for variation in location
(country) and some associated case-mix variation.
In general, one would expect more variation
between independent component studies
contributing to an indirect comparison as a result
of variation in aspects of the study design. In
particular, there may be differences between the
two sets of trials being combined with respect to
the participants and perhaps also regarding the
actual treatments given.

The naive approach, in which the numbers are
added as if there was just one trial making each
comparison, is problematic even when considering
directly randomised trials, and may severely
mislead owing to ‘Simpson’s paradox’.!'® For
indirect comparisons, such inappropriate
combination is compounded by the discarding of
within-trial comparison groups, such that the
whole point of randomisation is lost. The results
of such analysis are completely untrustworthy, and
naive comparisons should never be made.

Quality of evidence from RCTs
(direct comparisons)

Evidence from RCTs is, in general, considered to
be the best. However, such evidence may be
imperfect for several reasons. First, the problem of
patient comparability exists in RCTs.''* The
baseline comparability of patients between groups
may become problematic owing to a lack of
allocation concealment in randomised trials.'' It
is also possible that, purely by chance, the patients
randomly allocated to different groups have
different prognostic characteristics, particularly
when the sample size is small.

Second, after participants have been enrolled
there is considerable possibility that biases (such as
performance bias, attrition bias and detection bias)
may be introduced into trials. For example, patients
may drop out after randomisation for various
reasons or may be excluded from the analysis.
Such withdrawal or exclusion may not be random
or balanced across groups. Therefore, even though
the patients in different treatment groups are
comparable at the time of randomisation, that
comparability may disappear owing to non-
random exclusion or withdrawal. In addition, lack
of blinding in assessment of the outcome may lead
to overestimation of treatment effects.”!1°

Third, empirical evidence has confirmed that
published randomised trials may be a biased
sample of all trials that have been conducted,
owing to publication and related biases.!''® Trials
with non-significant or negative results are less
likely to be published than trials with significant or
positive results. Recently, additional evidence has
demonstrated the added problem of selective
reporting of outcomes.!!” Therefore, evidence from
randomised trials still needs to be interpreted with
caution and the possibility of publication bias
should be investigated and excluded if possible.

Finally, there may be considerable difference in
results among randomised trials, especially small
trials. Empirical evidence indicates that
subsequent large trials may sometimes overturn
conclusions based on small published trials.!'*!2

It has been argued that “randomisation is not
sufficient for comparability”.!'?!2! Here,
comparability refers not only to baseline patient
characteristics, but also to other study
characteristics. It should not be assumed that the
adjective ‘randomised’ is a guarantee of high
quality. As a consequence, it is recommended that
methodological quality is assessed in a systematic
review, although there is no consensus on how to
do this or how to make use of the information.'??
Nonetheless, the problems just described apply
also to non-RCT5, so while the methodology of
directly randomised trials may not always be ideal,
such trials do offer the most reliable evidence of
treatment efficacy (especially if studies of
unacceptably poor quality are discounted).

Thus, when there is a substantial or modest
amount of direct evidence the customary practice
of ignoring non-randomised studies and indirect
randomised evidence will generally be correct.
Inevitably, however, in some circumstances there
may be few or no trials that have compared
directly treatments of particular interest. Thus, the
possibility of using indirect evidence becomes
important. This report has examined methods for
performing indirect comparisons, focusing on
indirect evidence from RCTs. The next sections
consider issues relating to the use of indirect
evidence when direct randomised evidence is
either insufficient or non-existent.

Similar problems may apply when performing
subgroup analyses within a meta-analysis of trials
all making the same direct comparison. If the
subgrouping factor relates to the intervention,
such as the dose of active treatment, or choice of
comparator treatment, then comparison of
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subgroups is an indirect comparison of exactly the
same type as discussed.

What to do when direct evidence
is available but insufficient

Even when some direct randomised evidence is
available it is often insufficient. In such cases the
adjusted indirect comparison may provide
supplementary information in evaluating relative
efficacy of competing interventions.’® Fourteen of
the 40 direct comparisons in Chapter 3 are based
on one randomised trial, and a median of 18 trials
(range 2-96) is incorporated in the corresponding
adjusted indirect comparison (Appendix 3). Such
large amounts of data available for adjusted
indirect comparisons could be used to attempt to
strengthen conclusions based on the direct
comparisons. Results of the direct and the
adjusted indirect comparison can be quantitatively
combined to increase statistical power or precision.
The statistically non-significant relative effect
estimated by the direct comparison may become
statistically significant by combining the direct and
the adjusted indirect estimate, as happened in
three of the 40 comparisons (Table 11).

It is also possible that the significant relative effect
estimated by the direct comparison becomes non-
significant after it has been combined with the
adjusted indirect estimate. HyRA versus sucralfate
for non-ulcer dyspepsia from a Cochrane
systematic review is an example.'” Here, the
direct comparison based on one randomised trial
found that HoRA was less efficacious than
sucralfate (RR 2.74, 95% CI 1.25 to 6.02), while
the adjusted indirect comparison indicates that
HyRA was as effective as sucralfate (RR 0.99, 95%
CI 0.47 to 2.08). The discrepancy between the
direct and the adjusted indirect estimates is
marginally statistically significant (z = 1.84). The
combination of the direct and adjusted indirect
estimate provided a statistically non-significant
relative risk of 1.56 (95% CI 0.93 to 2.75).

A general question raised by cases like this is:
‘when is it appropriate to combine direct and
indirect estimates?” Bucher and colleagues'*
concluded that only where direct comparisons are
unavailable should indirect comparison meta-
analysis be carried out. This is certainly the
standard approach, but it is not clear that this will
always be the best advice. Even when there is
direct randomised evidence, there may be far
more information available from indirect
comparisons. For example, Song and colleagues®”
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examined a case in which one head-to-head
randomised trial and six trials contributed to an
indirect comparison (via two different
comparators). In addition, the use of indirect data
may be particularly indicated when it is felt that
the methodological quality of the trials making
direct comparisons is low.

It will be a matter of judgement whether and how
to take into account the indirect evidence.
Although a combination of direct and indirect
comparisons may appear to strengthen
conclusions (by increasing the quantity of data),
the increase in precision must be balanced against
a loss of confidence in the certainty with which
bias is avoided. Few would argue that direct and
indirect estimates should always be combined.
Rather, many would feel that while presenting
separate estimates is necessary, combination will
only sometimes be suitable. Some criteria are
needed on which to base such a judgement. A very
similar problem arises in other contexts within
systematic reviews; for example, reviewers ponder
whether it is reasonable to combine parallel and
cross-over trials, or in epidemiological
investigations whether to combine case—control
and cohort studies. It is not desirable to base such
decisions on whether or not the difference
between the two estimates is statistically
significant, although this is the easiest approach. A
more constructive approach would be to base the
decision on the similarity of the participants in the
different trials and the comparability of the
interventions. Such judgement applies to the
directly randomised trials and each subset of trials
contributing to the indirect comparison.

What to do when there is no
direct evidence

It is not unusual to find that different treatment
options have not been directly compared within
randomised trials, and conclusions on relative
efficacy often end up based entirely on indirect
evidence. The adjusted indirect method may be
especially useful to obtain some indirect evidence
about the relative efficacy of competing
interventions. The validity of the indirect estimate
was discussed in the previous section. Although
the absence of any direct evidence avoids the
question of whether to combine, it means that all
of the available evidence is indirect. The reliability
of that evidence is then of particular concern.

Evidence from an adjusted indirect comparison
should be interpreted with caution. The internal
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validity of the trials involved in the adjusted
indirect comparison should be examined because
bias in trials will inevitably infect the results of the
adjusted indirect comparison. In addition, for the
adjusted indirect estimate to be valid, the key
assumption here is that the relative efficacy of an
intervention is consistent in patients included in
different trials. That is, the estimated relative
efficacy should be generalisable. However,
generalisability (external validity) of trial results is
often questionable because of restricted inclusion
criteria, exclusion of patients and the higher level
of clinical settings where trials were carried out.'?®
Such assessments are more complex still when
comparing sets of trials evaluating different
treatment comparisons. As in many other
situations, interpretation is a matter of judgement
and there are no rules applicable across all
circumstances.

Are indirect comparisons of RCTs
preferable to direct comparisons
from non-randomised trials?

As noted above, in the absence of direct
randomised evidence one could seek either
indirect randomised evidence or non-randomised
studies that examine directly the comparison of
interest. The authors have not found or generated
any empirical evidence to investigate this issue, so
this discussion relies on knowledge of the
mechanisms that would render both types of
comparison biased, and the comparative
likelihood that such mechanisms exist.

Non-randomised evaluations of healthcare
interventions involve making comparisons
between two groups of participants who receive
different interventions. If there are any other
differences between the groups that are themselves
linked to outcome, the comparison will be
confounded and potentially biased. For example,
the case-mix in the participant groups could differ
in terms of age, gender, disease severity or
co-morbidities, there could be other differences in
treatments between the groups, or the way in
which outcomes are defined and assessed could
vary. Judgement of the validity of the comparison
depends on the degree to which one is assured
that ‘like is being compared with like’ such that
one knows that there are no differences between
the groups in all factors other than the
intervention received. Although many devices are
used in non-randomised studies to reduce the
potential for such confounding (such as
measurement of change scores, matching,

stratification and statistical risk adjustment of
results), the degree to which these are successful in
any individual study is largely inestimable.
Empirical studies have found, however, that
adjustment may fail to remove the bulk of
selection bias.'® In addition, as there is always a
likelihood of prognostic factors that are unknown
or unmeasurable, adjustment methods cannot
cope with all eventualities. Indirect comparisons
also feature comparisons between non-randomised
groups; however, in this instance the groups are
not cohorts receiving one or other treatment, but
randomised trials within which different
comparisons are made. Now the same differences
in case-mix, concomitant therapy and follow-up
could exist between the trials in an indirect
comparison in the same way as they do between
the groups within a non-randomised study.
However, even if the magnitudes of these
differences are similar (and there are reasons to
argue that they are most likely to be less in
indirect comparisons), there are reasons to believe
that the bias they introduce would be less than in a
non-randomised study.

For binary data the mechanism by which this
prediction is reached is as follows. Variations in
potentially confounding factors will change the
average event rate observed in the trial as they do
in a non-randomised study, as they relate to the
frequency of outcome. However, it is likely that
their impact on outcome would affect both groups
in each trial in a proportionate manner. If this
happens, and if the treatment effect is calculated
using an appropriate metric (probably a risk ratio
or an odds ratio), very little variation in the
treatment effect will be observed between trials of
the same comparison among participants with
varying baseline risks. When this is the case the
indirect comparison will be unbiased. This
observation is fundamental to the practice of
meta-analysis.’’

The case of continuous outcomes seems not to
have been considered in the same light. Although
the broad concerns are the same, the impact of
effect modifiers, including case-mix variation, is
unpredictable; it may work in additive or
multiplicative manners, affecting either or both of
the mean and standard deviation.

An indirect comparison will, however, be biased if
the differences in baseline risk between trials are
linked to differences in the observed treatment
effect. This would occur if any of the factors
varying between the trials are known effect
modifiers (or, in meta-analysis terminology, sources
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of heterogeneity). Thus, it would be wrong to claim,
based on the argument of constancy of treatment
effects, that indirect comparisons are always
unbiased. There are examples where such effect
modifiers exist such that indirect comparisons will
be biased. Therefore, it will always be desirable to
show similar distributions of confounding factors in
the trials included in an indirect comparison,
rather than rely on the assumption of constancy of
effect across varying baseline risk.

The resampled results (Chapter 5), despite
demonstrating heterogeneity between trials,
probably underestimate the potential for such bias,
as all the trials in the reconstructed analysis used
exactly the same protocol. Such uniformity of
protocol is unlikely in reality.

In conclusion, bias is less likely in indirect
comparisons than within a non-randomised study,
as an indirect comparison between treatment
effects estimated in trials with different baseline
risks is not necessarily biased, whereas the same
difference in baseline risks between groups in a
non-randomised comparison is sufficient to render
it biased. The present authors thus agree with the
relative placing of these levels of evidence by
McAlister and (:olleagues,5 as discussed in
Chapter 1.

Comparing multiple interventions
simultaneously

The focus of this review and empirical research
has been the use of indirect comparisons to
compare two prespecified healthcare
interventions. As noted in Chapter 1, reviewers
sometimes consider simultaneously several
interventions with the natural desire to say
something about their relative efficacy. The results
of such a review may be presented in the form of a
league table of efficacy.

This situation was not studied in the present
empirical work, although it did consider indirect
comparison of two specific treatments from trials
involving four different treatments (Chapter 5).
Here, some different situations within this broad
framework are briefly summarised, and an
indication is given of how analysis might proceed.
Distinction is made between two rather different
contexts in which multiple treatments are
considered simultaneously.

First, there may be several competing
interventions, each of which has been compared
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against the same comparator in one or more
RCTs. The most obvious example is where each of
several drugs has been evaluated in placebo-
controlled trials. There are several such examples
in pain research.'**!?® The common comparator
makes the comparison of the various drugs seem
relatively simple. In the particular case of trials of
pain relief there is also much greater consistency
of trial methodology (notably standardised
outcome measure) than is seen in most medical
areas. However, the quoted results are often simply
separate meta-analyses of each active drug versus
placebo, ranked by treatment effect (perhaps
NNT); this display does not allow an easy
assessment of the difference between any two
particular treatments, and so may give a false
impression of their relative merits. Also, when data
sets are presented in this way, there may be a
suspicion that any direct comparisons have been
omitted to simplify the presentation.

Sometimes researchers making such comparisons
use the naive approach by summarising treatment
arms across trials,’ or ignore the control groups
altogether.*® The strong warnings given against
the naive approach apply even more strongly in
the multiple treatment case.

This data structure is similar to that where there
are several trials of the same intervention versus
control, but where that intervention was delivered
in different ways in different trials; for example,
dose, regimen or route may vary across trials.
However, the aim of meta-analysis in such cases is
usually to evaluate the treatment against the
comparator rather than to study explicitly the
importance of the mode of delivery.

The second case is where there are multiple
studies that have each compared two or more of a
set of treatments, but without a common
comparator. This more general situation is
exemplified by the trial of antithrombotic therapy
considered in Chapter 4 and also a set of trials of
thrombolytic therapy discussed by Hasselblad and
Kong,68 which is shown in Table 17.

The aim here may be to estimate the effect of a
particular drug versus placebo when no such trial
has been done, but such data may also be the basis
of an attempt to rank the treatments. Data such as
these can arise when new treatments are
introduced over a period of several years, an effect
seen more clearly in the subset of trials shown in
Table 18. This subset perhaps makes it clearer that
estimation is based on a chain of inference. For
example, adjusted indirect comparisons or logistic
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TABLE 17 Treatments studied in |7 randomised trials reporting 30-day mortality examining thrombolytic therapy for patients with
acute coronary syndrome (treatment within 6 hours of onset) (see Hasselblad and Kongés for further details)

Trial Placebo t-PA

ASSENT
ECGS
AIMS
Bassand- |
GISSI
ISIS-2
ISAM
TEAM-3
Bassand-2
GISSI-2
ISG

ISIS-3
TIMI-4
TAPS
INJECT
GUSTO |
GUSTO Il

4
4

ANNANENENENE NN
ANENE NN
AN <

ANANRN

APSAC

SK RPA Accelerated t-PA
v
v
v
v
v
v
v
v
v v
v v
v v

APSAC, anisoylated plasminogen streptokinase activator complex; RPA, reteplase; SK, streptokinase; tPA, tissue plasminogen

activator.

TABLE 18 Subset of trials from Table 17, showing sequential evaluation of new treatments

Trial Placebo t-PA

ASSENT v
TEAM-3

ISIS-3

INJECT

GUSTO Ill

4
v 4
4

APSAC

SK RPA Accelerated t-PA
v
v v

v v

APSAC, anisoylated plasminogen streptokinase activator complex; RPA, reteplase; SK, streptokinase; tPA, tissue plasminogen

activator.

regression could be used to estimate the effect of
accelerated t-PA versus placebo. Such an analysis
would link the results of five trials, three of which
did not investigate either of the treatments of
interest. Like all chains, its strength depends on
the weakest link. Here TEAM-3 was a very small
trial of 325 patients, with an imprecise estimate of
treatment effect: it would therefore be
unsatisfactory to rely on this chain of inference.
ISIS-3 enrolled over 17,000 patients to make the
same comparison, so there would be no need to
rely on TEAM-3. The amount of information in
each component of such an inferential chain
would certainly be a concern, even though the

uncertainty of the final estimate would take
sample size into account. Other concerns would
include the methodological quality and the degree
of comparability of the treatments, participants
and protocols of the component trials. Hasselblad
and Kong rather underplay the assumptions
behind such an analysis. They suggest that the
method is acceptable as long as there is a common
subpopulation of participants in the different
trials.® In fact, the more links there are the
stronger will be the assumptions of adjusted
incorrect comparisons. Recently, other authors
have proposed new models for analysing such
networks of comparisons.”:58
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Conclusions

Implications for practice of
systematic reviews

When conducting systematic reviews to evaluate
the effectiveness of interventions, direct evidence
from good-quality RCTs should be used wherever
possible. If no such evidence exists a call for
turther trials may be necessary (if they are deemed
ethical). If further research is not feasible, it may
be necessary to look for direct comparisons in
non-randomised studies and/or indirect
comparisons from RCTs, which would require
additional searches of the literature. The reviewer
needs, however, to be aware that both are
susceptible to bias, although bias is less likely in
indirect comparisons. The use of non-randomised
studies within a systematic review is, in addition,
perhaps more problematic in terms of identifying
the studies. The development of better indexing
and sensitive search strategies is required to aid
the identification of study designs other than
RCTs. It should also be noted, however, that the
development of search strategies for the
identification of RCTs may actually exclude data
that could be used when making indirect
comparisons, particularly if a search is drug or
treatment specific. Ideally, indirect comparisons
should be prespecified in a review’s protocol and
the search strategy developed so as to include all
relevant drug/treatment comparisons.

When making indirect comparisons in a systematic
review, the reviewer needs to be clear that that is
what they are doing, and interpret the results
appropriately. The naive approach, comparing the
results of single arms between trials, should be
avoided as empirical evidence shows it to have a
high frequency of statistically significant
discrepancies from the direct estimate. Ideally, an
adjusted indirect comparison method should be
used, using the random effects model (given the
increase in study heterogeneity). The main types
of adjusted indirect comparison, showing little
difference in performance, are the adjusted
indirect comparison, meta-regression and logistic
regression.

If both direct and indirect comparisons are
possible within a review, these should be done

separately before considering whether to pool

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

data. Whether or not the two sets of information
are combined, or when only indirect comparisons
are available, interpretations should be made even
more cautiously than in a standard meta-analysis
of just head-to-head randomised trials, in view of
the partially observational nature of the
comparisons.

Implications for clinical research

Indirect comparisons can be used to overcome
certain problems that may arise in the design and
conduct of an RCT. An example can be seen in a
proposed European multicentre trial of surgical
techniques for repairing cleft lip and palate.!?°
Each centre approached used a different surgical
technique and was only willing to participate in the
trial if their ‘preferred’ surgical technique was one
of the treatment arms to which patients would be
randomised. To overcome this, a common protocol
was devised that allowed each centre to randomise
to one of two surgical techniques: their usual,
preferred technique, and an alternative technique
that was common to all participating centres. The
alternative technique was planned to be used as the
common comparator, allowing adjusted indirect
comparisons to be made between the centres’
preferred surgical techniques. A head-to-head
comparison of the different surgical techniques
may have been preferable, but the indirect
comparison was able to provide an acceptable
design for the surgeons, who otherwise may not
have been willing to participate in the trial.

When considering the use of an indirect
comparison when designing such a multicentre
RCT, consideration should be given to devising a
unified protocol with consistent inclusion criteria
across all centres.

Recommendations for
methodological research

The majority of the indirect comparisons
identified were made within meta-analyses of
binary data. There is a need for evaluation of
alternative methods for analysis of indirect
comparisons for continuous data.
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Conclusions

In addition, there is a need for empirical research
into how different methods of indirect comparison
perform in cases where there is a large treatment
effect.

Further research is required to consider how to
determine when it is appropriate to look at indirect
comparisons and how to judge when to combine
both direct and indirect comparisons. Research
into how evidence from indirect comparisons
compares to evidence from non-randomised
studies may also be warranted. (This question has
not been considered in the current project.)

The empirical investigations (Chapter 5) were
based on one large, multicentre trial'! with a
common protocol across each centre. It would be
useful to repeat the investigations using individual
patient data from a meta-analysis of several RCTs
using different protocols.

The odds ratio was used as the measure of effect
within the simulation study. Although logistic
regression calls for the effect measure to be the
odds ratio, it would be interesting to evaluate the
impact of choosing different binary effect
measures for the inverse variance method.
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Appendix 2

Data extraction form

Author (year)

Title

Journal

Objectives

COMPARISONS BEING MADE FOR RCTs

INDIRECT Done Not Done*
v

Intervention A / ctrl Intervention B / ctrl No. of trials
A/B

DIRECT (only those that are relevant to ICs) Done Not Done
Ve

Intervention A Intervention B No. of trials

METHODS USED FOR CONDUCTING IC
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Appendix 2

RESULTS OF IC

Intervention A / ctrl

Intervention B /ctrl

Summary statistic

RESULTS OF DC

Intervention A

Intervention B

Summary statistic

INTERPRETATION OF RESULTS
IC interpreted appropriately?

Yes I:' No I:l Unsure I:'

How were ICs interpreted? Details:

Other COMMENTS

*But sufficient data presented in paper to force IC.
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Table of systematic reviews making
indirect comparisons
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Appendix 4

List of excluded reviews

he following reviews were identified from the

searches as potentially including indirect
comparisons or both direct and indirect
comparison of competing interventions. However,
after assessment they did not include suitable data
and so were excluded.

Arriagada R, Pignon JP, Thde DC, Johnson DH,
Perry MC, Souhami RL, et al. Effect of thoracic
radiotherapy on mortality in limited small cell
lung cancer. A meta-analysis of 13 randomized
trials among 2,140 patients. Anticancer Res 1994;
14(1B):333-5.

van Balkom AJ, Nauta MC, Bakker A. Meta-
analysis on the treatment of panic disorder with
agoraphobia; review and re-examination. Clin
Psychol Psychother 1995;2:1-14.

Bhansali M, Vaidya J, Bhatt R, Patil P, Badwe R,
Desai P. Chemotherapy for carcinoma of the
esophagus: a comparison of evidence from meta-

analyses of randomized trials and of historical
control studies. Ann Oncol 1996;7:355-9.

Boyer W. Serotonin uptake inhibitors are superior
to imipramine and alprazolam in alleviating panic
attacks: a meta-analysis. Int Clin Psychopharmacol
1995;10:45-9.

Chang D, Wilson S. Meta-analysis of the clinical
outcome of carbapenem monotherapy in the
adjunctive treatment of intra-abdominal
infections. Am J Surg 1997;174:284-90.

Childhood ALL Collaborative Group. Duration
and intensity of maintenance chemotherapy in
acute lymphoblastic leukaemia: overview of 42

trials involving 12 000 randomised children.
Lancet 1996;347:1783-8.

de Craen A, Di Giulio G, Lampe-Schoenmaechers
A, Kessels A, Kleijnen . Analgesic efficacy and
safety of paracetamol-codeine combinations versus
paracetamol alone: a systematic review. BMJ
1996;313:321-5.

Droitcour J, Silberman G, Chelimsky E. A new
form of meta-analysis for combining results from
randomized clinical trials and medical-practice
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databases. Int | Technol Assess Health Care 1993;
9:440-9.

Eriksson S, Langstrom G, Rikner L, Carlsson R,
Naesdal J. Omeprazole and Hs receptor
antagonists in the acute treatment of duodenal
ulcer, gastric ulcer and reflux oesophagitis: a
meta-analysis. Eur | Gastroenterol Hepatol 1995;
7:467-75.

Golzari H, Cebul R, Bahler R. Atrial fibrillation:
restoration and maintenance of sinus rhythm and
indications for anticoagulation therapy. Ann Intern
Med 1996;125:311-23.

Halliday H. Overview of clinical trials comparing
natural and synthetic surfactants. Biol Neonate
1995;67(Suppl):32-47.

Held P, Yusuf S. Calcium anatagonists in the
treatment of ischemic heart disease: myocardial
infarction. Coron Artery Dis 1994;5:21-6.

Hoes A, Grobbee D, Lubsen J. Does drug
treatment improve survival? Reconciling the trials
in mild-to-moderate hypertension. | Hypertens
1995;13:805-11.

Hoes A, Grobbee D, Peet T, Lubsen J. Do non-
potassium-sparing diuretics increase the risk of
sudden cardiac death in hypertensive patients?
Drugs 1994;47:711-33.

Hooks M. Tacrolimus, a new immunosuppressant
— a review of the literature. Ann Pharmacother
1994;28:501-11.

Koes B, Assendelft W, van der Heijden G,

Bouter L. Spinal manipulation for low back pain.
An updated systematic review of randomized
clinical trials. Spine 1996;21:2860-71.

Linde K, Ramirez G, Mulrow C, Pauls A,
Weidenhammer W, Melchart D. St John's wort for
depression — an overview and meta-analysis of
randomised clinical trials. BMJ] 1996;313:253-8.

MacRae H, McLeod R. Comparison of
hemorroidal treatment modalities: a meta-analysis.
Dis Colon Rectum 1995;38:687-94.
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McQuay H, Carroll D, Jadad AR, Wiffen P,
Moore A. Anticonvulsant drugs for management
of pain: a systematic review. BMJ 1995;
311:1047-52.

McQuay H, Tramer M, Nye B, Carroll D, Wiffen P,
Moore R. A systematic review of antidepressants in
neuropathic pain. Pain 1996;68:217-27.

Meunier F, Paesmans M, Autier P. Value of
antifungal prophylaxis with antifungal drugs
against oropharyngeal candidiasis in cancer
patients. Eur | Cancer 1994;30B:196-9.

Ofman J, Koretz R. Clinical economics review:
nutritional support. Aliment Pharmacol Ther 1997;
11:453-71.

Patrono C, Roth GJ. Aspirin in ischemic
cerebrovascular disease. How strong is the case for
a different dosing regimen? Stroke 1996;27:756-60.

Piccinelli M, Pini S, Bellantuono C, Wilkinson G.
Efficacy of drug treatment in obsessive—compulsive
disorder: a meta-analytic review. Br | Psychiatry
1995;166:424-43.

Rahlfs V, Macciocchi A, Monti T. Brodimoprim in
upper respiratory tract infections. Two meta-
analyses of randomised, controlled clinical trials in
acute sinusitis and otitis media. Clinical Drug
Investigation 1996;11:65-76.

Rains C, Noble S, Faulds D. Sulfasalazine. A review
of its pharmacological properties and therapeutic

efficacy in the treatment of rheumatoid arthritis.
Drugs 1995;50:137-56.

Riedemann P, Bersinic S, Cuddy L, Torrance G,
Tugwell P. A study to determine the efficacy and
safety of tenoxicam versus piroxicam, diclofenac
and indomethacin in patients with osteoarthritis: a
meta-analysis. /| Rheumatol 1993;20:2095-103.

Tramonte S, Brand M, Mulrow C, Amato M,
O'Keefe M, Ramirez G. The treatment of chronic
constipation in adults. A systematic review. | Gen
Intern Med 1997;12:15-24.

Vaitkus PT, Berlin JA, Schwartz JS, Barnathan ES.
Stroke complicating acute myocardial infarction.
A meta-analysis of risk modification by
anticoagulation and thrombolytic therapy. Arch
Intern Med 1992;152:2020-4.

Voogel A, van der Meulen ], van Montfrans G.
Effects of antihypertensive drugs on the circadian
blood pressure profile. | Cardiovasc Pharmacol
1996;28:463-9.

Wade C, Kramer G, Grady |, Fabian T, Younes R.
Efficacy of hypertonic 7.5% saline and 6%
dextran-70 in treating trauma: a meta-analysis of
controlled clinical studies. Surgery 1997,
122:609-16.

Wood M. The comparative efficacy and safety of
teicoplanin and vancomycin. | Antimicrob Chemother
1996;37:209-22.
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Appendix 5

Search strategy development

Search strategy |

The process involved an initial ‘One Search’ on
Dialog to gauge the amount of literature on
indirect comparisons and to identify suitable
databases for future searching (search strategy 1)

Search strategy 1:

S1
S2
S3

randomized controlled trials/ab,ti,de
trial?/ab,ti,de
sl or s2

S4 (indirect(2w)comparison?)/ab,ti,de

S5 (direct(2w)comparison?)/ab,ti,de

S6 (indirect(2w)evaluat?)/ab,ti,de

S7 (direct(2w)evaluat?)/ab,ti,de

S8 (treatment(2w)arm?)/ab,ti,de

S9  (compet?(2w)technolog?)/ab,ti,de
S10 (compet?(2w)intervention?)/ab,ti,de
S11 s4:s10
S12 s3 and sl1

Search strategy 1 was run across all the databases
listed below up to October 1997 and retrieved
records as follows:

Database Records retrieved
MEDLINE 723
ERIC 1
PsycINFO 29
EMBASE 901
Dissertation Abstracts 33
MathSci 8

Search strategy 2

The next step was to run a strategy on MEDLINE
via Ovid (Search strategy 2) to retrieve the full text
of each record to help in the process of identifying
suitable terms for inclusion in the final search
strategy. This strategy identified 759 records on
MEDLINE when run for the period 1966 to
October 1997.

Search strategy 2:

1 exp RANDOMIZED CONTROLLED TRIALS/
2 trial$.tw.
31or?2

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

indirect adj2 comparison$).tw.
direct adj2 comparison$).tw.
indirect adj2 evaluat$).tw.
direct adj2 evaluat$).tw.
treatment adj2 arm$).tw.
compet$ adj2 technolog$).tw.
10 (compet$ adj2 intervention$).tw.
11 4or50r6o0r7or8or9orll
12 3and 11

4
5
6
7
8
9

Py

Search strategy 3

After further consideration of how ‘competing
interventions’ or indirect comparisons were
described in individual studies and which MeSH
headings had been used to index records, the
strategy was then further developed (search
strategy 3).

Search strategy 3 was run for the year 1997 and
retrieved 1690 records. When these records were
examined by the reviewers it was found that many
of them were reports of single RCTs, rather than
discussion of the methodology of RCTs.

Search strategy 3:

RANDOMIZED CONTROLLED TRIALS/
controlled clinical trials.sh.
CLINICAL TRIALS/

clinical trials.tw.

trial$.ew.

meta-analysis.sh.
meta-analysis.tw.
metaanalys$.tw.

(meta adj analys$).tw.
RESEARCH DESIGN/

data interpretation,statistical.sh.
models,statistical.sh.

(indirect adj2 comparison$).tw.
(direct adj2 comparison$).tw.
(indirect adj2 evaluat$).tw.
(direct adj2 evaluat$).tw.
(compet$ adj2 technolog$).tw.
(compet$ adj2 intervention$).tw.
(

(

(

(

O 00 T Tk OON —

— e e e e e e e e
O 0T T OON = O

treatment adj2 arm$).tw.
treatment adj2 group$).tw.
randomi$ adj2 group$).tw.
randomi$ adj2 comparison$).tw.

20
21

22 11
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23 (therapeutic adj2 arm).tw.
24 (therapeutic adj2 arms).tw.
25 (study adj2 arm).tw.

26 (study adj2 arms).tw.

27 4 limb study.tw.

28 four limb study.tw.

29 (trial adj2 arm).tw.

30 (trial adj2 design).tw.

31 (placebo adj2 arm).tw.

32 (preventive adj2 arm).tw.
33 (preventative adj2 arm).tw.
34 or/1-9

35 or/10-33

36 34 and 35

Search strategy 4

In an attempt to remove records describing single
studies from the search results the strategy was
amended. The desired outcome was to retrieve
records in which there was reference to trials and
meta-analysis and one of the possible free text
terms used for describing competing
interventions/indirect comparisons (search
strategy 4).

Search strategy 4:

RANDOMIZED CONTROLLED TRIALS/
controlled clinical trials.sh.
CLINICAL TRIALS/

clinical trials.tw.

trial$.ow.

meta-analysis.sh.
meta-analysis.tw.
metaanalys$.tw.

(meta adj analys$).tw.
RESEARCH DESIGN/

data interpretation,statistical.sh.
models,statistical.sh.

(indirect adj2 comparison$).tw.
direct adj2 comparison$).tw.
indirect adj2 evaluat$).tw.
direct adj2 evaluat$).tw.
compet$ adj2 technolog$).tw.
compet$ adj2 intervention$).tw.
treatment adj2 arm$).tw.
treatment adj2 group$).tw.
randomi$ adj2 group$).tw.
randomi$ adj2 comparison$).tw.
therapeutic adj2 arm).tw.
therapeutic adj2 arms).tw.
study adj2 arm).tw.

(study adj2 arms).tw.

4 limb study.tw.

four limb study.tw.

O 00 T Ok OO N —
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29 (trial adj2 arm).tw.

30 (trial adj2 design).tw.

31 (placebo adj2 arm).tw.

32 (preventive adj2 arm).tw.
33 (preventative adj2 arm).tw.
34 or/1-5

35 or/6-9

36 or/10-33

37 34 and 35 and 36

Search strategy 5

Search strategy 4 was run on MEDLINE for the
period 1995 to December 1998 and retrieved 238
records. There was still some uncertainty, however,
about the recall of the search strategy, and in an
attempt to improve this additional free text terms
were included in the third facet of the strategy
(search strategy 5). The inclusion of the additional
terms resulted in the retrieval of some additional
131 records.

Search strategy 5:

RANDOMIZED CONTROLLED TRIALS/
controlled clinical trials
CLINICAL TRIALS/

clinical trials.tw.

trial$.ow.

lor2or3or4orb
meta-analysis.sh.
meta-analysis.tw.
metaanalys$.tw.

10 (meta adj analys$).tw.

11 7or8or9or 10

12 RESEARCH DESIGN/

13 data interpretation, statistical.sh.
14 models, statistical.sh.

15 (indirect adj2 comparison$).tw.
16 (direct adj2 comparison$).tw.
17 (indirect adj2 evaluat$).tw.

18 (direct adj2 evaluat$).tw.

19 (compet$ adj2 technolog$).tw.
20 (compet$ adj2intervention$).tw.
21 (treatment adj2 arm$).tw.

22 (treatment adj2group$).tw.

23 (randomi$ adj2group$).tw.

24 (randomi$ adj2comparison$).tw.
25 (therapeutic adj2 arm).tw.

26 (therapeutic adj2 arms).tw.

27 (study adj2 arm).tw.

28 (study adj2 arms).tw.

29 4 limb study.tw.

30 four limb study

31 (trial adj2 arm).tw.

32 (trial adj2 design).tw.

© 00 ~J O Ot~ 0N —
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33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

49

50
51
52
53
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(placebo adj2 arm).tw.

(preventive adj2arm).tw.

(preventative adj2 arm).tw.

multiple arm study.tw.

multiple arms study.tw.

multiple arm studies.tw.

multiple arms studies.tw.

multiple arm.tw.

multiple arms.tw.

multi arm.tw.

multi arms.tw.

multi adj2 arm).tw.

multi adj2 arms).tw.

multiple adj2 arm).tw.

multiple adj2 arms).tw.

((three arm or three arms or 3 arm or 3 arms
or three limb or three limbs or 3 limb or
3limbs) adj5 (trial$ or stud$ or random$))
((four arm or four arms or 4 arm or 4 arms or
four limb or four limbs or 4 limb or 4 limbs)
adjb (trial$ or stud$ or random$))
(competing adj2 therap$).tw.

(multi$ adj2 (study or studies)).tw.

or/12-51

6 and 11 and 52

o~~~ o~

Before 1989, records in MEDLINE referring to
meta-analysis were indexed using the terms:
Outcome and Process Assessment (1977-1979),
Follow-Up Studies (1977-1979), Research
(1980-1982), Research Design (1980-1988) and
Statistics (1980-1988). It was not clear what effect
this would have on running the existing strategy
on these earlier years, so various trial strategies
were undertaken. These included (1) omitting the
meta-analysis facet from the strategy entirely;

(2) replacing the meta-analysis terms with the terms
research, research design, follow-up studies,
statistics, outcome and process assessment using the
explosion facility; and (3) replacing the meta-
analysis terms with the terms research, research
design, follow-up studies, statistics, outcome and
process assessment not using the explosion facility.
None of these search strategies resulted in any
additional studies being identified. Strategy 5 was
therefore used as a basis from which to develop
strategies to use in other databases with
amendments as appropriate regarding thesaurus
terms and subject indexing. The MEDLINE search
was run from 1966 to March 1999. It was updated
to include records published by February 2001.
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Additional electronic search strategies

PsycLIT

The PsycLIT database was searched via
SilverPlatter (1887 to March 1999) and 287
records were retrieved. The search was updated to
include records published up to February 2001,
identifying a further 40 records. The search
strategy used was:

O 00 T Ok CON —

NO =t et e pd ot d d d pd
SO LT O LN —O

21

22
23

24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
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randomized controlled trials

randomi* control* trial*

control* clinical trial*

clinical trial*

trial*

exact{EMPIRICAL-STUDY} in PT
lor2or3or4orborb

multiple arm study

multiple arms study

multiple arms studies

multiple arms studies

multiple arm

multiple arms

multi arm

multi arms

multi near2 arm

multi near2 arms

multiple near2 arm

multiple near2 arms

three arm or three arms or 3 arm or 3 arms or
three limb or three limbs or 3 limb or 3 limbs
four arm or four arms or 4 arm or 4 arms or
four limb or four limbs or 4 limb or 4 limbs
multi* near3 (study or studies)
8or9or10orllor12or 13 or 14 or 15 or
16 or 17 or 18 or 19 or 20 or 21 or 22

7 or 23

explode META-ANALYSIS

meta-analy*

metaanaly*

meta near analy*

25 or 26 or 27 or 28

24 and 29

explode EXPERIMENTAL-DESIGN
explode STATISTICAL-ANALYSIS

indirect near2 comparison*

direct near2 comparison®

indirect near2 evaluat*

direct near2 evaluat*

compet* near2 technolog*

compet* near2 intervention*

39 treatment near2 arm*

40 treatment near2 group*

41 randomi* near2 group*

42 randomi* near2 comparison*®

43 therapeutic near2 arm*

44 study near2 arm*

45 trial near2 arm*

46 trial near2 design*®

47 placebo near2 arm*

48 preventive near2 arm*

49 preventative near2 arm*

50 competing near2 therap*

51 indirect near evaluat*

52 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38
or 39 or 40 or 41 or 42 or 43 or 44 or 45 or
46 or 47 or 48 or 49 or 50 or 51

53 30 and 52

ERIC

The ERIC database was searched using the Ovid
interface via BIDS (1966 to February 1999) and 72
records were retrieved. The search strategy used
was:

randomized controlled trial.tw.
randomi#ed control? trial?.tw.
control? clinical trial?.tw.
clinical trial?.tw.
trial?.tw.
exp MATCHED GROUPS/
exp EXPERIMENTAL GROUPS/
lor2or4orb5or6or?7
multiple arm study.tw.
10 multiple arms study.tw.
11 multiple arm studies.tw.
12 multiple arms studies.tw.
13 multiple arm.tw.
14 multiple arms.tw.
15 multi arm.tw.
16 multi arms.tw.
(multi adj2 arm).tw.
(multi adj2 arms).tw.
19 (multiple adj2 arm).tw.
(multiple adj2 arms).tw.
21 (three arm or three rms or 3 arm or 3 arms or
three limb or three limbs or 3 limb).mp. or
3 limbs.tw. [mp=abstract, title, heading word,
identifiers]

O 00 ~JD Ok OON —

115



116

Appendix 6

22 (three arm or three arms or 3 arm or 3 arms
or three limb or three limbs or 3 limb).mp. or
3 limbs.tw. [mp=abstract, title, heading word,
identifiers]

23 (four arm or four arms or 4 arm or 4 arms or
four limb or four limbs or 4 limb).mp. or 4
limbs.tw. [mp=abstract, title, heading word,
identifiers]

24 (multi? adj3 (study or studies)).tw.

25 8 or 23 or 24

26 meta-analysis.tw.

27 (meta adj analysis).tw.

28 metaanalysis.tw.

29 meta-analytic.tw.

30 (meta adj analytic).tw.

31 metaanalytic.tw.

32 exp META ANALYSIS/

33 exp LITERATURE REVIEWS

34 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33

35 25 and 34

EMBASE

The EMBASE database was searched using the
Silverplatter interface (1980 to April 1999) and
282 records were retrieved. The search strategy
used was:

1 explode RANDOMIZED-CONTROLLED-
TRIAL/ all subheadings

2 explode CONTROLLED-STUDY/ all

subheadings

explode CLINICAL-TRIAL/ all subheadings

trial*

clinical trials

lor2or3or4orb

multiple arm study

multiple arms study

multiple arm studies

10 multiple arms studies

11 multiple arm

12 multiple arms

13 multi arm

14 multi arms

15 multi near2 arm

16 multi near2 arms

17 multiple near2 arm

18 multiple near2 arms

19 three arm or three arms or 3 arm or 3 arms or
three limb or three limbs or 3 limb or 3 limbs

20 #19 nearb (trial* or stud* or random¥*)

21 four arm or four arms or 4 arm or 4 arms or
four limb or four limbs or 4 limb or 4 limbs

22 #21 nearb (trial* or stud* or random¥*)

23 multi* near3 (study or studies)

24 #7 or #8 or #9 or #10 or #11 or #12 or #13

© 00 ~J O Ok o

or #14 or #15 or #16 or #17 or #18 or #20
or #22 or #23

25 #6 or #24

26 explode META-ANALYSIS/ all subheadings

27 meta-analysis

28 metaanalys*

29 meta near2 analys*

30 #26 or #27 or #28 or #29

31 #25 and #30

32 indirect near2 comparison*

33 direct near2 comparison*

34 indirect near2 evaluat*

35 direct near2 evaluat®

36 compet* near?2 technolog*

37 compet* near? intervention*

38 treatment near2 arm*

39 treatment near2 group*

40 randomi* near2 group*

41 randomi* near2 comparison*

42 therapeutic near? arm

43 therapeutic near2 arms

44 study near2 arm

45 study near2 arms

46 trial near2 arm

47 trial near?2 design

48 placebo near2 arm

49 preventive near2 arm

50 preventative near2 arm

51 competing near? therap*

52 #32 or #33 or #34 or #35 or #36 or #37 or
#38 or #39 or #40 or #41 or #42 or #43 or
#44 or #45 or #46 or #47 or #48 or #49 or
#50 or #51

53 #31 and #52

MathSci

The MathSci database was searched using Dialog
(up to September 1999) and

1817 records were retrieved. The search strategy
used was:

s research(W)design

s statist?(W)models

s indirect(2W)comparison?
s direct(2W)comparison?

s indirect(2W)evaluat?

s direct(2W)evaluat?

s compet?(2W)technolog?

s compet?(2W)intervention?
s treatment(2W)arm?

s treatment(2W)group?

s randomi?(2W)group?

s randomi?(2W)comparison?
s therapeutic(2W)arm

s therapeutic(2W)arms

© 00 ~J O O~ 0N~
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15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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s study(2W)arm

s study(2W)arms

s 4(W)limb(W)study

s four(W)limb(W)study

s trial(2W)arm

s trial(2W)design

s placebo(2W)arm

s preventive(2W)arm

s preventative(2W)arm

s multiple(W)arm(W)study

s multiple(W)arms(W)study
s multiple(W)arm(W)studies
s multiple(W)arms(W)studies
s multiple(W)arm

s multiple(W)arms

s multi(W)arm

m
m

31
32
33
34
35
36

37

38
39
40

s multi(W)arms

s multi(2W)arm

s multi(2W)arms

s multiple(2W)arm

s multiple(2W)arms

s ((three(W)arm) or (three(W)arms) or
(3(W)arm) or (3(W)arms) or (three(W)limb) or
(three(W)limbs) or (3(W) limb) or (3(W)limbs))
(5W) (trial? or stud? or random?)

s ((four(W)arm) or (four(W)arms) or (4(W)arm)
or (4(W)arms) or (four(W)limb) or
(four(W)limbs) or (4(W)limb) or (4(W)limbs))
(5W) (trial? or stud? or random?)

s competing(2W)therap?

s multitreatment(2W)(study or studies)

s s1:s39
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Appendix 7

lllustrative analyses

Data set

Several of the possible analyses are illustrated
using a set of trials of antithrombotic therapy to
prevent strokes in patients with atrial fibrillation
(Table 23). The emphasis is on methods that can
be applied using widely available software. As
these trials are used for illustration only the
impact of certain criticisms of the systematic
review has been disregarded.'®!

150

From this set of data subsets of trials are taken to
illustrate:

¢ an indirect comparison of BvC using A as a
common control (studies 3, 4 and 5 are two-
armed comparisons of AvB, studies; 7, 8, 9 and
10 are two-armed comparisons of AvC)

¢ a combination of the above indirect comparison
with direct two-armed trials to estimate BvC
(trial 11 is a two-armed trial of BvC, which is
combined with the indirect comparison using
the seven trials listed above)

TABLE 23 Event rates for stroke in trials of antithrombotic therapy for patients with atrial fibrillation (from Hart et a

Trial Placebo Adjusted-
dose warfarin
A B

| AFASAK 19/336 9/335

2 SPAF 19/211 8/210

3 BAATAF 13/208 3/212

4 CAFA 9/191 6/187

5 SPINAF 23/290 7/281

6 EAFT 50/214 20/225

7 EAFTIi° 40/164

8 ESPSII 23/107

9 LASAF 6/182
10 UK-TIA 8/30
Il SPAF I 19/358
12 AFASAK I 11/170
I3 PATAF 3/131
14 SPAFIII 14/523
I5 MWNAF 1/153

e a combination of the above indirect and direct
comparisons with multiarmed trials of A, B and
C (trials 1, 2 and 6 combined with the eight
trials listed above)

e a combination of all 15 trials and all treatments.

These subsets of trials are created for the purpose
of illustrating sequentially more complex
alternative models, and the results should not be
regarded as definitive analyses of the above data
set.

Analyses

Analyses were undertaken using Stata version 8 for
adjusted indirect comparisons and logistic
regression, and using the PROC NLMIXED
procedure in SAS version 9.1 for the mixed models.
The SAS procedure is chosen for presentation in
preference over the Stata gllamm command
(which can also be used for fitting mixed models),
for reasons of computational speed.

| I50)

Aspirin Low- or fixed- Low- or fixed-
dose warfarin dose warfarin
+ aspirin
C D E
16/336
25/552
49/230°
39/174°
17/104
5/194°
8/34°
21/357
9/169 14/167 11/171
4/141 4/122
48/521

5/150

¢ EAFT'*2 included two clinical subgroups randomised to different treatment options according to eligibility for
anticoagulation. The results for aspirin were combined in the publication (88/404); here, the data have been split by

making the event rates equal.

b Combination of two groups randomised to different doses of aspirin.

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.
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TABLE 24 Example data set for indirect comparisons analysis

ID Trial event_c sample_c
I BAATAF 3 212
2 CAFA 6 187
3 SPINAF 7 281
4 EAFT ii 39 174
5 ESPS 1 17 104
6 LASAF 5 194
7 UK-TIA 8 34

Format of data sets

Four difterent formats are required for alternative
analyses:

(a) One row per trial (see Table 24)
Each row states for treatment and control groups
the numbers of events (event t, event_c) and the
number of participants (sample_t, sample_c).

This data structure is only suitable for two-armed
trials. For adjusted indirect comparisons (AICs)
meta-analyses are undertaken on different subsets
of the data for each component meta-analysis
indicated by an additional variable [here a variable
compb is used, indicating whether A was
compared with B (value 1) or C (value 0)]. Here,
the ‘A" arm of the trials acts as the common
comparator and is called ‘control’.

(b) Two (or more) rows per trial, one
per trial arm (see Table 25)

Each row states the number of events (event) and

participants (sample) and study arm (arm). This

data structure is the standard format for fitting

logistic and mixed models.

In Stata a data set of format (a) can be changed
into format (b) using the following commands:

rename event c eventO
rename event t eventl
rename sample ¢ sampleO
rename sample t samplel
reshape long event sample, 1i(trial)

j (treat)

generate arm="C"

replace arm="A” if treat==1 & compb==
replace arm="B” if treat==1 & compb==

(c) Four (or more) rows per trial, two
rows per trial arm (see Table 26)

Each row states the number in each outcome

category (n) and indicator variables for whether

event_t sample_t compb

13 208 |

9 191 |

23 290 |

40 164 0

23 107 0

6 182 0

8 30 0

TABLE 25 Example data set for full analysis
ID Trial Event Sample Arm

| AFASAK 19 336 A
2 AFASAK 9 355 B
3 AFASAK 16 336 C
4 SPAK 19 211 A
5 SPAK 8 210 B
35 MWNAF | 153 A
36 MWNAF 5 150 D

TABLE 26 Example data set for full analysis in gllamm

ID Trial n Stroke Arm
| AFASAK 19 | A
2 AFASAK 317 0 A
3 AFASAK 9 | B
4 AFASAK 346 0 B
5 AFASAK 16 | C
6 AFASAK 320 0 C
7 SPAK 19 | A
8 SPAK 192 0 A
9 SPAK 8 | B

10 SPAK 202 0 B

69 MWNAF | | A

70 MWNAF 152 0 A

71 MWNAF 5 | D

72 MWNAF 145 0 D

they suffered a stroke or not (stroke) and study
arm (arm). This data structure is only required for
the models fitted in the Stata mixed models
command gllamm.

In Stata a data set of format (b) can be changed
into format (c) using the following commands:

rename event nl
gene nO=sample-nl
reshape long event sample, i(trial arm)

j (stroke)
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TABLE 27 Example data set for full analysis in xtlogit

ID Trial Stroke Arm
| AFASAK | A
2 AFASAK | A
3 AFASAK | A
19 AFASAK | A
20 AFASAK 0 A
21 AFASAK 0 A
8139 MWNAF 0 D
8140 MWNAF 0 D

(d) One row per participant, n rows per
trial (see Table 27)

Each row states whether the participant suffered a

stroke or not (stroke) and their study arm (arm).

This data structure is only required for the models

fitted in the Stata xtlogit.

In Stata a data set of format (c) can be changed
into format (d) using the following commands:

expand n
drop n

Indirect comparisons

Naive method

The naive analysis is based on summing the events
and participants in the B and C arms of the seven
component trials, and computing an odds ratio
and confidence interval as if the data had arisen in
a single study.

Across the three B trial arms 16 out of 680
participants experienced a stroke. Across the four
C trial arms 69 out of 506 participants
experienced a stroke. This comparison yields an
odds ratio of 0.15 (95% CI 0.09 to 0.27), and is
highly statistically significant (z = -6.61,

p < 0.00001).

Adjusted indirect comparisons and
meta-regression

Adjusted indirect comparisons are undertaken by
performing separate meta-analyses on the data
sets of trials of AvB and AvC. One approach is to
use the Stata meta-analysis command metan'% for
each meta-analysis (lines 5 and 9), and store the
values of the log odds ratio (lines 6 and 10) and
standard error (lines 7 and 11) from each separate
meta-analysis. The odds ratio for indirect
comparison is estimated as the exponential of the

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

difference in log odds ratios from the two meta-
analyses (lines 13 and 14). The standard error of
the indirect comparison is estimated from the
square root of the sum of the squared standard
errors (line 15).

The code below assumes that the data are in
format (a):

* STATA CODE for indirect comparison by
adjusted indirect comparison
1 * compute values of the four cells for
each trial
2 gene noevent t=sample t-event t
3 gene noevent_ c=sample c-event c

4 * meta-analysis of trials of BvA (combp
equal to 1)

5 metan event t noevent t event c
noevent c 1if compb==1, or fixedi
nograph

6 local logorl=log($S_1)

7 local sel=$S 2

8 * meta-analysis of trials of CvA (combp
equal to 0)

9 metan event t noevent t event c
noevent c 1if compb==0, or fixedi
nograph

10 local logor2=log($S_1)

11 local se2=$S 2

12 * computation of log OR, OR and se for
indirect comparison

13 local logor aic="logorl'-"logor2'

14 local or aic=exp( logor_aic')

15 local se_aic=sqrt( sel'”2+ se2'"2)

16 * computation of confidence intervals,
z-value and P-value

17 local 11 aic=exp( logor_aic'-
(1.96* se_aic'))

18 local
ul aic=exp(~logor aic'+(1.96* se aic')
)

19 local z_aic="logor_aic'/“se_aic'

20 if "z _aic'>0 local p_aic=2*(1-
norm(~z_aic'))

21 if “z_aic'<=0 local
p_aic=2*norm(~z_aic')

The above analysis produces inverse variance
estimates. Alternative meta-analysis models are
obtained by changing the inverse variance fixed
effect option (fixedi) on the metan command lines
(lines 5 and 9) to indicate Mantel-Haenszel fixed
effects (fixed) or DerSimonian and Laird random
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TABLE 28
Approach Method OR 95% CI z/t-Value p-Value
AIC Inverse variance 0.43 (0.22 to 0.87) z=-236 0.0184
AIC Mantel-Haenszel 0.42 (0.21 to 0.83) z=-248 0.0131
AIC DerSimonian and Laird 0.43 (0.21 to 0.89) z=-2.28 0.0225
Meta-regression Weighted linear regression 0.43 (0.23 to 0.82) t =-3.37 0.0198
Meta-regression Random effects meta-regression 0.43 (0.22 to 0.87) z=-236 0.0184

effects (randomi) models. Risk ratio models can be
obtained by changing the summary statistic from
odds ratio (or) to the risk ratio (rr). Risk
difference estimates are produced using the risk
difterence (rd) option. If risk differences are
pooled, use of a logarithmic scale is not required,
requiring alterations to lines 6, 10, 14, 17 and 18
of the above code. Continuous outcomes can also
be pooled using the metan command.

Meta-regression can also be used to estimate the
difterence between the groups. To undertake
meta-regression, estimates of the log odds ratio
and standard error are computed for each study.
Using the values stored by metan provides a short-
cut for doing this (lines 5-7). A weighted
regression model is then fitted with the log odds
ratio as the outcome and the comparison (compb)
as the predictor. The model weights each study
according to the inverse variance (line 8). A simple
approach to fit the model involves weighted linear
regression (line 10). A more appropriate method is
to use random effects meta-regression (line 12)
that allows for unexplained variability between
groups, as provided by the metareg command.”

* STATA CODE for indirect comparison
by meta-regression

1 * compute values of the four cells for
each trial

2 gene noevent t=sample t-event t

3 gene noevent c=sample c-event c

4 * meta-analysis of all trials to
compute logOR and se

5 metan event_ t noevent t event c
noevent c, or fixedi nograph notable

6 local logor=log(sS_ 1)

7 local se=$S 2

8 local wt=1/"se’”2

9 * weighted linear regression
10 regress logor compb [aw=wt]

11 * random effects meta-regression
12 metareg logor compb, wsse(se)

The three AIC models (inverse variance,
Mantel-Haeszel, and DerSimonian and Laird) and
two regression models (fixed and random) give
similar estimates of the indirect comparison

(Table 28), but all are very different from the
flawed naive method.

The AIC DerSimonian and Laird and random
effects meta-regression use different approaches

to estimate the unexplained between study
variation, 7. The DerSimonian and Laird

method estimates separate 7> values for
comparisons of AvC (7 = 0) and AvB (7 = 0.023).
The meta-regression model estimates a single 7 to
describe the residual heterogeneity among all
trials having accounted for the difference in
estimates between trials comparing AvB and trials
comparing AvC (7 = 0). The meta-regression
approach is likely to be more efficient and precise
as it involves one fewer parameter and estimates 7
using data from all trials. The alternative
DerSimonian and Laird approach may be more
appropriate when there are reasons to assume
different 7 values in the two component

analyses.

Generalised linear models

A logistic regression model can be fitted to data in
format (b). The model includes two zero—one
indicator variables, armA and armB, to indicate
study arm (lines 1-5). Arm C is designated the
baseline category with which comparisons are
made. An estimate of the indirect comparison is
obtained from the parameter estimate for armB
(comparison of B with baseline C). To obtain an
analysis that is stratified by trial, indicator
variables for trial are included to allow each trial
to have a different control group risk (lines 7-8).
In Stata the command blogit is used to fit a
logistic regression model indicating the number of
outcomes (event), the number of participants
(people) and the dependent variables (armC,
armA and trial):

* STATA CODE for indirect comparison by
logistic regression
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1 * generate indicator wvariables for armA
and armB

gene armA=0

gene armB =0

replace armA=1 if arm=="A"

U W N

replace armB=1 if arm=="B"

* fit a logistic regression model
7 * xi: automatically adds indicator
variables for trial
8 xi:blogit event people armC armA

i.trial, or

Alternatively, the Stata command xtlogit can be
used for data in format (d). Again indicator
variables are generated for study arms, which take
values of 0 or -1 (lines 1-5). The i(trial) option
combined with the fixed effect option fe (line 7)
performs an analysis stratified by trial that
produces the same results as the above logistic
regression model.

The xtlogit command includes an option to
perform random effects analysis, using the re
option (line 9). This analysis replaces the trial
indicator variables with a distribution of effects
(making an assumption that the logit control
group risks are a random sample from a normal
distribution). It does not, as is usually desired in a
meta-analytical random effects analysis, place the
random effect on the treatment contrasts (see
Chapter 4, section ‘Classical methods using
aggregate data’, p. 19).

* STATA CODE for indirect comparison
using xtlogit
1 * generate indicator variables for
armA and armB
gene armA=0
gene armB =0
replace armA=-1 if arm=="A"
replace armB=-1 if arm=="B"

oo W N

6 * fit a fixed effect logistic
regression model

7 xtlogit stroke armC armad, 1i(trial)
fe or

8 * fit a random effects logistic
regression model

9 xtlogit stroke armC armad, 1i(trial)
re or

Two standard software packages can be used for
estimating a random effect for the treatment
contrast for binomial data: SAS PROC NLMIXED
and the gllamm command in Stata. The use of the

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

SAS option is demonstrated here; this uses
adaptive quadrature to identify maximum
likelihood solutions, a more advanced and faster
method than used by gllamm. WinBugs software,®!
using a fully Bayesian model specification, provides
the greatest flexibility for fitting these models.

Two alternative models can be fitted using data in
format (b) with indicator variables armA and armB
indicating the treatment. In the first, trial effects
are fitted as random (using the term trialr in lines
4 and 7) and a random effect for treatment
contrasts is included assumed constant across
treatment comparisons (using the term het in lines
4 and 7). The procedure requires appropriate
starting values to be stated (line 3), which may be
obtained from a fixed effect analysis.

* SAS code for indirect comparison using
PROC NLMIXED
1 * random effects for trial and
treatment contrasts
2 proc nlmixed data=indirect;
3 parms base=-2.3 a=0.2 b=-1
s2trialr=0.7 s2het=0.1;
4 logitp= (base+trialr)+ armA* (a+het) +
armB* (b+het) ;
5 p = exp(logitp)/ (1+exp(logitp)) ;
model stroke ~ binomial (n,p);
random trialr het -~
normal ([0, 0], [s2trialr, 0, s2het])
subject=trial;
8 run;

This analysis estimates the trial effect variance to
be 0.68, and the random effect for treatment
contrasts to be 0.09. If desired, separate random
effects can be estimated for the AvC and BvC
treatment contrasts by specifying two separate
heterogeneity parameters, although there are
likely to be estimation problems unless there are
many trials. This model requires the assumption
that the logit baseline event rates are randomly
sampled from a normal distribution. That
assumption can be avoided by estimating a fixed
effect for each trial while including a random
effect for treatment contrast. This model requires
estimation of many more parameters (additional
parameters t3—t10 are estimated for each trial in
lines 7 and 8) and is less likely to produce a stable
solution. Again separate heterogeneity parameters
could be included for each treatment contrast.

* SAS code for indirect comparison
using PROC NLMIXED

1 * fixed effect for trial, random
effects for treatment contrasts

123
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Appendix 7

TABLE 29

Method Random effects

Logistic regression ~ None
(blogit, xtlogit fe)

Logistic regression  Trials
(xtlogit re)

Mixed model Trials
(NLMIXED)

Mixed model
(NLMIXED)

Mixed model
(NLMIXED)

Trials and treatments

Treatments

9 Treatment contrast calculated using t statistic.

2 proc nlmixed data=indirect;

3 parms a=0.2 b=-0.9
4 t3=-3 t4=-3 t5=-2.7 t7=-1.3
t8=-1.6 t9=-3.6 tl0=-1.2

5 s2het=1;

6 logitp=a* (armA+het) + b* (armB+het)

+

7 t3*trial3 + t4*trial4 +
t5*trials +

t8*trial8 + t9*trial9

+ tl1l0*triallO;

9 p = exp(logitp)/ (1+exp(logitp)) ;

10 model stroke ~ binomial (n,p);

11 random het ~ normal([0], [s2het])
subject=trial;

8 t7*trial7 +

12 run;

In the application to the example data set, the
estimate of among-study heterogeneity is close to
zero, but the estimates of the treatment contrasts
are sensitive to the choice of starting value for the
heterogeneity statistic (Table 29).

Combining indirect and direct
comparisons

Tirial 11 (SPAF II) is a two-armed trial of BvC. The
estimated treatment effect in this trial is OR=0.90
(95% CI 0.45 to 1.79) (p=0.74). This section looks
at analyses that combine this trial with the seven
indirect trials.

Combining with adjusted indirect
comparisons

A weighted combination of the results from the
AIC and the direct comparison is computed as an
inverse variance weighted average.

OR 95% CI z/t-Value p-Value
0.42 (0.21 t0 0.83) z=-249 0.0129
0.41 (0.22 t0 0.78) z=-27I 0.007
0.38 (0.16 to 0.94)° t=-276 0.03
0.38 (0.16 t0 0.94)° t=-276 0.04

Unstable estimates
(variance estimate is very small)

For the direct trial:

InOR = In [(19/339) / (21/336)] = In(0.90) =
~0.1090
Var(InOR) = 1/19 + 1/339 + 1/21 + 1/336 =
0.1062

For the indirect comparison (from the inverse
variance solution)

InOR = -0.8358
Var(InOR) = 0.1257

Inverse variance weights for the indirect and direct
comparisons are 7.96 and 9.42, respectively. The
weighted average and variance of the combination
are thus:

InOR = [(9.42 X -0.1090) + (7.96 X —0.8358)] / (7.96
+ 9.42) = —0.4456
Var(InOR) = 1/ (7.96 + 9.42) = 0.0576

giving an overall estimate of OR = 0.64 (95% CI
0.40 to 1.02) (p = 0.06).

It is also possible to test whether there is a
significant difference in the finding of the AIC and
the direct comparison, by dividing the difference in
the logOR (-0.1090 — -0.8358 = 0.7268) by the
standard error of the difference [V (0.1062+0.1257)
= 0.4816], and comparing the resulting number
(0.7268/0.4816 = 1.51) with a standard normal
distribution (z) to obtain a p-value (p = 0.13).

It is possible to undertake the analyses combining
any of the estimates using AICs or meta-regression
models with the results of the direct trial. If there
were more than one direct two-armed trial, results
of a meta-analysis of the direct trials could be
combined with the AIC.
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TABLE 30

Approach

AIC

AIC

AIC
Meta-regression
Meta-regression
Logistic regression
Logistic regression
Mixed model
Mixed model
Mixed model

TABLE 31

Approach

Logistic regression
Mixed model
Mixed model
Mixed model

TABLE 32

Approach

Logistic regression
Mixed model
Mixed model
Mixed model

Generalised linear models

The models described above can all incorporate
data from the additional direct trial without
changing the code other than inclusion of an
additional indicator variable for the extra trial.
The results for these models are given in Table 30.

Including three-armed AvBvC trials

Trials with more than two arms cannot be used in
AICs without discarding some treatment arms.
However, they can be included naturally in basic
generalised linear models, again without
adjustment to the code beyond addition of
indicator variables for the additional trials.
There are challenges in appropriately modelling
random effects for multiarmed trials, as outlined
by Higgins and Whitehead.?* Appropriate
modelling of random effects involves realising

a different random effect for each comparison.

© Queen’s Printer and Controller of HMSO 2005. All rights reserved.

Method

Inverse variance

Mantel-Haenszel

DerSimonian and Laird

Weighted linear regression

Random effects meta-regression

Fixed effect

Random effect for trials

Random effect for trials

Random effect for trials and treatment
Random effect for treatment

Method

Random effect for trials

Random effect for trials

Random effect for trials and treatment
Random effect for treatment

Method

Random effect for trials

Random effect for trials

Random effect for trials and treatment
Random effect for treatment

OR 95% CI z/t-Value p-Value
0.64 (0.40 to 1.02) z=-1.86 0.0632
0.63 (0.40 to 1.01) z=-194 0.0530
0.65 (0.40 to 1.04) z=-1.78 0.0747
0.56 (0.38 to 0.83) t=-291 0.0036
0.64 (0.40 to 1.02) z=-1.86 0.0632
0.62 (0.39 to 0.99) z=-2.00 0.0460
0.59 (0.37 to 0.93) z=-228 0.0230
0.59 (0.34 to 1.03) t=-224 0.0604
0.59 (0.33 to 1.05) t=-2.24 0.0667

Unstable estimates
(variance estimate is very small)

OR 95% ClI z/t-Value  p-Value
0.57 (043t00.75)  z=-399  0.000!

0.53 (038t00.75)  t=-409  0.0022
0.53 (037t00.75)  t=-409  0.0027

Unstable estimates
(variance estimate is very small)

OR 95% ClI z/t-Value p-Value
0.56 (0.43 to 0.73) z=-437 <0.0001
0.56 (0.41 to 0.75) t=-415 0.001
0.55 (0.41 to 0.75) t=-4.15 0.001

Unstable estimates
(variance estimate is very small)

SAS PROC NLMIXED assumes that all
comparisons from the same trial involve the same
realisation of the treatment comparison random
effect, which is not ideal. Correct modelling can

be undertaken using a fully Bayesian model in
WinBUGS.8!

Analysis of all trials and all
treatments

AICs can be combined to include comparisons
with alternative control groups only if all trials are
two-armed trials. Here this is not the case, and
incorporation of data from trials 12-15 can only
be done using generalised linear models. In these
situations additional indicator variables need to be
added to the model for treatments D and E, as
well as for the additional trials. The same issues
arise in the correct modelling of random effects as
discussed in the previous section.
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Appendix 8

|dentified meta-analyses providing sufficient data
for both direct and indirect comparisons
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