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Health political background 

In the system of statutory health insurance coverage decisions are increas-
ingly based on the results of effectiveness or cost-effectiveness analyses 
conducted in the context of Health Technology Assessments (HTA). 
Randomised controlled head-to-head trials which directly compare the ef-
fects of different therapies are considered the gold standard methodological 
approach for the comparison of the efficacy of medical interventions. While 
research progresses, more and more treatment options are being devel-
oped for certain indications. As concerns pharmacological interventions, 
proven positive effects compared to placebo may be sufficient to attain mar-
ket approval. Therefore manufacturers rarely see the need to test the effects 
of new interventions against the effects of interventions that are in the mar-
ket already. Given multiple therapeutic options for an indication, there will 
hardly be a head-to-head trial testing all options in parallel. Statements on 
comparative efficacy have to rely on indirect comparisons. 
 

Scientific background 

Comparisons are defined as indirect if the effects of interventions are com-
pared to each other by their performance against a common comparator. 
This may be an active intervention (usually standard care) or placebo. Up to 
date many questions concerning the validity of indirect comparisons remain 
unanswered. In 2005 a British HTA-report was published, containing a com-
prehensive systematic overview of available methods for indirect compari-
sons and their validity. The report, which refers to publications up to 1999, 
introduces three methodological approaches for indirect comparisons: unad-
justed and adjusted indirect comparisons, and metaregression-analyses. 
The authors conclude that discrepancies between the results of direct and 
indirect comparisons are considerable but their direction cannot be fore-
seen. It is pointed out that unadjusted indirect comparisons are highly prone 
to bias. Contrasting, adjusted indirect comparisons and metaregression-
analyses provide a higher degree of validity. 
On the basis of these results the current report gives an updated review of 
indirect comparisons by means of five research questions. It focuses on the 
comparative efficacy of medical interventions on the basis of high-quality 
randomised controlled trials (RCT). 
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Research questions 

1. What methodological approaches for indirect comparisons of thera-

peutic interventions are available today (March 2008) and under 

what circumstances may they be applied?  

2. What methodological approaches for indirect comparisons have 

been applied in systematic reviews and how often?  
 

3. What is the validity of results from indirect comparisons compared 

to the results of direct comparisons and do both arrive at the same 

conclusions? 

4. What is the validity of results from indirect comparisons compared 

to the results of direct comparisons if results from head-to-head tri-

als are included in the indirect comparison?  

5. Is it possible to identify a “gold standard methodology“ for indirect 

comparisons of competing interventions?  

 

Methods 

Systematic literature searches are conducted with two purposes: 

1. Identification of papers describing methodological approaches for 

indirect comparisons. 

2. Identification of systematic reviews which apply indirect compari-

sons (exclusively, or in addition to information from direct compari-

sons. 

The basis of relevant references is extracted from the systematic review of 
Glenny et al. which covers the relevant literature up to 1999. To identify 
papers published after 1999 all medical databases of the German Institute 
of Medical Documentation and Information (DIMDI) and the ISI Web of 
Knowledge

®
 are searched using the search strategy of Glenny et al. with 

minor modifications. 
In addition, reference lists of the main methodological papers and syste-
matic reviews as well as the homepages of the member institutions of the 
International network of agencies for Health Technology Assessment 
(INAHTA) are screened for relevant papers. 
The description of the different methodological approaches for indirect com-
parisons is based as far as possible on information from methodological 
papers and completed by information from methods chapters of published 
applications. Their application frequency is calculated by counting the num-
ber of applications in all systematic reviews with indirect comparisons pub-
lished 1999 to 2008. 
Indirect comparisons which use metaanalysis techniques are validated em-
pirically on the basis of systematic reviews that report results of direct as 
well as indirect comparisons. For every methodological approach the follow-
ing hypothesis is tested: the results of the indirect comparison do not differ 
significantly from the results of the direct comparison. In order to test this 
hypothesis the difference in the results of a direct and an indirect compari-
son for the same intervention is calculated. This difference is named dis-
crepancy. In order to make discrepancies from different reviews compara-
ble, they are transformed into z-scores. The final validity check for the dif-
ferent methodological approaches for indirect comparisons was performed 
in four steps.  

1. Test for systematic over- or underestimation: Are the z-scores nor-
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mally distributed with an average value of z = 0 (Kolmogorov-

Smirnov-Test, p ≤ 0.05)? 

2. Quantification of the amount of discrepancy: Calculation of the 

mean absolute value of z (│  z   │). 

3. Determination of the share of statistically discrepant z-scores (│  z   │ 

≥ 1.96) among all   z-scores. 

4. For data sets with statistically significant discrepant z-scores: Ho-

mogeneity testing of the underlying study pool for the direct and in-

direct comparisons.  

Finally it is reported in how many cases the direct and indirect comparisons 
arrive at the same conclusions. 
While it is assumed that inclusion of head-to-head trials into indirect com-
parisons may level out discrepancies between direct and indirect compari-
son, the validity check (main analysis) is repeated in a subgroup of data 
sets (subgroup analysis), which do not include results from head-to-head 
trials into indirect comparisons.  

 

Results 

Method descriptions 
Literature reveals that all methodological approaches for indirect compari-
sons are based on the same assumption: The observed variability among 
the results of studies that are going to be included into an indirect compari-
son is solely due to random error or - in other words - no meaningful be-
tween-study heterogeneity is present. 
Four frequently applied methodological approaches for indirect compa-
risons, which use metaanalytical methods, are identified: 
1.  In an unadjusted indirect comparison the comparison of an interven-

tion A with an intervention B is prepared by metaanalytically pooling 
the results of all study arms treated with A to get a summary esti-
mate θA and by doing the same in a second metaanalysis with all 
study arms treated with B to get θB. This procedure is called “unad-
justed indirect comparison” because the indirect comparison is not 
adjusting for events in the control group. There are four ways of 
comparing the summary effect estimates θA and θB: calculation of a 
summary effect estimate θA versus B; testing the difference between θA 
and θB for statistical significance; check the confidence intervals 
around θA and θB for overlap or a narrative comparison of the effica-
cy of A and B. 

2. To perform an adjusted (for events in the comparator arms) indirect 
comparison the summary effect estimates θA versus comparator and θB ver-

sus comparator are calculated by conventional metaanalytic methods. 
For the comparison of the two summary effect estimates the same 
four methods as introduced in point 1 are applicable. 

3. In metaregression-analyses the summary effect estimates θA versus 

comparator and θB versus comparator are estimated separately in two regres-
sion equations. In addition to adjusting for effects in the comparator 
arms the regression models can adjust for the effects of further co-
variates (which are regarded as the origin of heterogeneity – like i. 
e. age of study population or severity of illnesses). Again, the com-
parison of θA versus comparator and θB versus comparator is performed by the 
above mentioned four methods (see 1.). 

4. Mixed treatment comparison (MTC) is a collective term for methodo-
logical approaches for indirect comparisons comparing more than 
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two interventions simultaneously and possibly including head-to-
head studies. MTC are able to rank an unlimited number of thera-
peutic options according to their efficacy. For that purpose Bayesian 
statistics are applied to successively pool all available evidence 
from RCT in order to gain summary effect estimates for all possible 
comparisons of the interventions of interest.  

Indirect comparisons without metaanalysis are performed if there is only one 
trial available for the options of interest or if available studies are highly het-
erogeneous. Indirect comparisons without metaanalysis also follow the prin-
ciples of adjusted or unadjusted comparisons and may be performed by the 
four methods introduced in 1. 
Application frequency of different methodological approaches for indi-
rect comparisons  
In 106 systematic reviews published between January 1999 and February 
2008 found by the literature searches, one metaanalytic method of an indi-
rect comparison is applied (exception: Vandermeer et al. 2007 applied three 
different methods). The considerably most frequently applied method is the 
adjusted indirect comparison (60 times), followed by metaregression-
analyses (17 times), unadjusted indirect comparisons (14 times), MTC 
(twelve times) and other approaches which cannot be allocated to the four 
main methodological groups (five times). In 2006 a steep rise in the utilisa-
tion of MTC is observed (ten examples from 2006 until 2007). 
Validity check 
For the validity check of the indirect approaches a total of 248 paired results 
from direct and indirect comparisons (z-scores) are available from 57 sys-
tematic reviews. 
The test for systematic over- or underestimation reveals that none of the 
approaches for indirect comparisons systematically over- or underestimates 
the results of a corresponding direct comparison. Nevertheless, differences 
in the mean absolute z-scores are observed among the indirect methods: 

The largest are found with the unadjusted indirect comparisons (│  z  │ = 

1.63 [95 %-CI: 1.20; 2.07]) while adjusted indirect comparisons (│  z  │= 

0.95 [95 %-CI: 0.80; 1.09]), metaregression-analyses (│  z   │ = 0.99 [95 %-

CI: 0.20; 1.79]) and MTC (n = 57; │  z   │ = 0.59 [95 %-CI: 0.45; 0.73]) pro-
vide lower values. For the MTC a higher average z-score is observed in the 

subgroup analysis without inclusion of head-to-head trials (n = 12; │  z  │ = 

0.83 [95 %-CI: 0.40; 1.26]) while the results of the main and subgroup anal-
yses are concordant for the other methods. It is to be noted though that the 
variance of the mean absolute z-scores differs considerably across the 

methods. The number of outstandingly high z-scores (│  z  │ > 1.96) varies 
among the indirect methodological approaches: the unadjusted indirect 
comparison provides a share of 25.5 % (n = 47; 95 %-CI: 13.1 %; 38.0 %) of 
statistically significant discrepant z-scores, the adjusted indirect comparison 
of 12.1 % (n = 116; 95 %-CI: 6.1 %; 18.0 %), the metaregression-analysis of 
16.7 % (n = 6; 95 %-CI: -13.2 %; 46.5 %) and the MTC of 1.8 % (n = 57; 95 
%-CI: 2.1 %; 34.3 %). The results from the main and subgroup analysis are 
concordant. Summarising all indirect methods, 32 of 248 comparisons pro-
vide statistically significant discrepancies (12.9 % [95 %-CI: 8.7%; 17.1%]).  
For 15 of the 32 statistically significant discrepancies (z-scores) no infor-
mation concerning heterogeneity of the pooled studies is given by the origi-
nal review authors. Proof of significant heterogeneity is found by the original 
review authors in eleven of the statistically significant discrepant compari-
sons but not in the remaining six.  
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Congruence of conclusions 
In about half of the 248 comparisons of interventions no statistically signifi-
cant difference in therapeutic efficacy is found - neither by direct nor by indi-
rect comparison (49.2 %; 95 %-CI: 43.0 %; 55.4 %). In 21.8 % (95 %-CI: 
16.6 %; 26.9 %) of cases one intervention is found to perform significantly 
better than the other by both the direct and the indirect comparison. In an-
other 29 % (95 %-CI: 23.4 %; 34.7 %) of the analysed comparisons the 
conclusions of the direct and indirect comparison are not concordant. How-
ever the feared case that the direct comparison prefers the one and the 
indirect comparison the other intervention with statistical significance is ob-
served rarely (five cases; corresponding to a share of 2 % (95 %-CI: 0.3 %; 
3.8 %) among all cases. 
Precision of indirect comparisons 
In the analysed sample (n = 248) the confidence intervals around the effect 
estimates of the indirect comparisons are found to be slightly smaller than 
those around the direct estimates (median difference: 9 % (25th percentile: -
34 %; 75th percentile: 30 %) while the indirect comparisons include six 
times more studies than the direct comparisons (median: 6 (25th percentile: 
4; 75th percentile: 13)). It may therefore be stated that for the analysed 
sample a six to one ratio of included studies (with an approximately equal 
number of participants) for the indirect and direct comparison yields almost 
comparable precision of effect estimates. This supports the claim of Glenny 
et al. that an indirect comparison must include four times as many studies 
(of equal size) as a direct comparison to yield the same precision. 
 

Discussion 

In decision making whether, and if so, which approach of indirect compa-
risons should be applied, four criteria should be taken into consideration: 
1. Validity of the methodological approach 
Compared to the results of head-to-head trials unadjusted indirect compari-
son provide the lowest validity. Some authors blame the method for break-
ing the randomisation of the included RCT because effects are not adjusted 
for events in the control groups. Therefore results are easily distorted by all 
types of biases that are normally typical for observational studies (i. e. se-
lection bias and confounding). 
In contrast the adjusted indirect comparison, the metaregression and the 
MTC adjust for events in the control groups and hereby preserve the ran-
domisation of the included RCT. However, a selection bias on the meta-
level may still appear if the included studies for one intervention use differ-
ent inclusion criteria than the studies for the other intervention. The resulting 
unevenly distributed patient characteristics may, if they are associated with 
the outcome, act as confounders. Therefore the introduced methods for 
indirect comparisons should be applied only if the results that are going to 
be pooled are extracted from homogeneous studies. This prerequisite holds 
not only for the methodological approaches to indirect comparisons but for 
conventional metaanalyses as well.  
These theoretical aspects are supported by the results of the empirical va-
lidity check. Adequate numbers of data were available to support the hy-
pothesis that – provided a homogeneous pool of studies – adjusted indirect 
comparisons may arrive at the same results as direct comparisons. 
Likewise a high validity can be ascribed to MTC, if they include head-to-
head studies with the interventions of interest. The validity of metaregres-
sion-analyses, MTC without included head-to-head trials and the rarely used 
other methods cannot be appraised yet due to a limited number of available 
applications. 
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2. Number of therapies to compare 
If only two interventions are to be compared indirectly the adjusted indirect 
comparison seems to be the most appropriate methodological approach 
considering the validity data and the limited methodological effort. If more 
than two interventions are to be compared, only a MTC is applicable to rank 
them in order of their efficacy. 
3. If results from head-to-head trials are to be included 
Beside MTC the three other methods for indirect comparisons also provide 
methodological extensions for the inclusion of head-to-head trials into an 
indirect comparison. However there haven’t been sufficient data for a check 
of their validity. It can only be stated yet that MTC which include head-to-
head trials yield similar results as the head-to-head trial alone. Their addi-
tional advantage is the possible increase in precision of the effect estimate 
by combining the results of direct and indirect comparisons. 
4. Heterogeneous trials 
The indirect comparison by metaregression-analysis cannot yet be regarded 
a sufficiently validated method that trustworthily adjusts for factors that 
cause heterogeneity. Likewise adjusting for covariates in MTC by introduc-
tion of inconsistency factors has not been validated due to the limited num-
ber of applications. In conclusion: If considerable heterogeneity is present 
among the trials, the risk of bias in indirect comparisons is high – regardless 
of what methodological approach is used. In cases of low heterogeneity a 
conservative estimate may be calculated by a random effects model. Fixed 
effects models should only be applied in homogenous pools of studies. Both 
models are applicable in all methodological approaches for indirect compar-
isons described.  
 

Conclusions 

There are a number of methodological approaches available for indirect 
comparisons which differ in their ability to summarize the evidence from 
different pools of studies. 
The empirical investigation reveals that mainly the results of unadjusted 
indirect comparisons differ from the results of direct comparisons. The other 
indirect methods may provide concordant results with direct comparisons, 
especially if the summarized studies are characterized by low heterogeneity. 
For that reason adjusted indirect comparisons, metaregression-analyses 
and MTC should only be used when study results are homogeneous. In the 
context of HTA and the development of clinical guidelines they are valuable 
tools, if direct evidence for a comparison of efficacy of interventions is not 
available.  
Before indirect comparisons can be applied more broadly, it remains to be 
defined at which amount of heterogeneity (and inconsistency) they provide 
effect estimates of acceptable validity - because a perfectly homogeneous 
pool of studies is rarely found in real life. 
 

 


