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The majority of depressed patients do not experience 
sufficient response to their initial antidepressant 

medication.1 Augmentation strategies, particularly the use 
of atypical antipsychotics to augment selective serotonin 
reuptake inhibitors (SSRIs), have proliferated over the last 
15 years, and 2 atypical antipsychotics, aripiprazole and 
quetiapine, have received US Food and Drug Administration 
approval for adjunctive therapy in treatment-resistant 
depression.2 Alternatively, data in treatment-resistant 
depression exist for most of the atypicals and for other 
treatments, including lithium, bupropion, methylphenidate, 
pindolol, and buspirone. However, which is the most 
effective and safe? This question is difficult to answer 
without comparing across studies, since there are few head-
to-head trials.

The traditional approach to summarizing and evaluating 
data across trials is meta-analysis, which is a statistical 
method for comparing results from different studies. 
Aggregating data in this way allows the assessment of the 
relative size of effect in a way that increases statistical power 
far beyond that found in an individual study. Meta-analysis 
also can help resolve discrepancies when studies disagree 
in their outcomes and conclusions. Meta-analysis not only 
increases the precision of estimates of effect but also tests for 
publication bias—that is, that only positive studies may have 
been previously published. The simplest approach involves 
identifying a measure, such as the Hamilton Depression 
Rating Scale (HDRS),3 that is in common across multiple 
trials. The data then can be aggregated across trials and 
compared against a common comparator (eg, another 
antidepressant), all comparators (if more than 1 treatment 
is used for comparison), or placebo.

There are major limitations with meta-analysis. For 
example, LeLorier et al4 compared earlier meta-analyses 
of small trials with the results of subsequent large-scale 
studies and found that 35% of the meta-analyses were not 
supported by the subsequent large-scale studies. One reason 
for the discrepant findings is that there are certain strict 
preconditions to meta-analysis that are sometimes violated.5 
There are many steps that are needed to harmonize data 
across multiple sets. Considerations include the population 

studied, the study design itself, differential sample sizes, 
outcome measures, rates of attrition, the length of the 
study, and other factors.5 These sources of heterogeneity can 
reduce the precision of the comparative effects. However, 
the principal limitation is that standard meta-analyses are 
typically intended to assess 1 intervention (eg, a specific 
antipsychotic) or a set of interventions compared to a 
single specific outcome—usually a placebo (or equivalent) 
control. While this approach does allow an estimate of the 
relative effect against a control condition, it does not give 
a direct estimate of comparative effectiveness. If there are 
several studies comparing a treatment against a particular 
comparator (or type of comparator), meta-analysis may be 
able to address the comparative effectiveness and harms 
of 2 treatments. However, in most cases, such data are 
not available. Therefore, traditional meta-analyses usually 
cannot answer a comparative effectiveness question across 
multiple treatments.

Network meta-analysis (sometimes called multiple 
treatment comparison meta-analysis or mixed treatment 
meta-analysis6) is intended to solve the latter problem in 
that it can summarize and compare data across trials with 
multiple treatments for a given indication when there is 
limited head-to-head data.5 The network meta-analysis 
begins with a geometrical arrangement of individual 
treatments (nodes) followed by lines connecting any nodes 
that have actually been compared directly. For a clinical trial 
in which A is compared against an active comparator (B) and 
placebo (C), both A and B would be connected with C and 
with each other. The relative effectiveness of these 3 nodes 
can then be contrasted, and the lines are then given statistical 
weighting. If, then, treatment A is compared against 
treatment D and placebo (C), then a relative weighting of A 
versus D can be calculated, but the relative effect of B and D 
can also be estimated since both were compared with A and 
C. Individual treatments can then be added to the matrix, 
generating relative effects for many different treatments. 
The “strength” or validity of the inferred comparative 
effectiveness is greater if a given node has had multiple 
comparisons in several different trials. Those with fewer 
connections have to be interpreted with greater caution 
than those with many.6 Appropriate use of network meta-
analysis must still consider factors such as heterogeneity of 
design or population, which could be used as preselection 
variables for the studies included. However, the weight of 
individual sources of heterogeneity (or uncertainty) can 
be determined within the network via sensitivity analysis,7 
which can be factored into a comparison. However, the 
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problem remains that the more heterogeneous the studies 
included in a network analysis are, the more uncertain are 
the conclusions.

The publication “Comparative Efficacy, Acceptability, and 
Tolerability of Augmentation Agents in Treatment-Resistant 
Depression: Systematic Review and Network Meta-Analysis” 
by Zhou et al8 in this issue of the Journal reports the results 
of a network meta-analysis of antidepressant augmentation 
trials in treatment-resistant depression involving 11 
augmenting agents: aripiprazole, bupropion, buspirone, 
lamotrigine, lithium, methylphenidate, olanzapine, 
pindolol, quetiapine, risperidone, and thyroid hormone. 
A total of 48 studies involving 6,654 participants were 
initially evaluated. A 6-week time point in a study was used 
for comparison purposes if the 6-week data were available. 
If not, then the closest time point to 6 weeks was used. 
Different studies used either the HDRS or the Montgomery-
Asberg Depression Rating Scale (MADRS)9 as the primary 
measure of outcome. Since no single scale was used across 
all studies, the primary outcome was the proportion of 
participants achieving response, defined as a 50% reduction 
in the relevant scale (HDRS or MADRS), a widely accepted 
definition.10 A secondary outcome was remission, defined 
as an HDRS score of ≤ 7 or a MADRS score of ≤ 109; if these 
2 scales were not employed, then a comparable definition 
was used. Other outcomes tested included and acceptability 
outcome, which was discontinuation for any cause, and a 
tolerability outcome, which was discontinuation due to side 
effects.

The analysis involved 2 steps. The first was used in 
instances in which there were head-to-head comparisons. 
The differences were estimated using either a fixed 
or random effects model (depending on the level of 
heterogeneity of the studies), and outcomes were expressed 
as odds ratios (ORs) and 95% confidence intervals (CIs). 
Following that, a Bayesian random effects network analysis 
was conducted. The Bayesian model allows a test of the 
association of 2 variables conditional on the associations of 
a third. In our earlier model of A (a treatment) compared 
to C (placebo) and D (a second treatment) compared with 
C, the relationship between A and C can be assessed as 
conditional on the effect of D on C. In the Bayesian network 
meta-analysis, the effects are expressed as ORs and 95% 
credible intervals (CrIs), which are conceptually similar 
to confidence intervals.11 The outcomes then are ranked 
based on ORs as the (first, second, third, etc) best regimens. 
Odds ratios generated by standard fixed or random effects 
models (ORs and CIs) can also be compared to the estimates 
generated by the Bayesian network analysis (ORs and 
CrIs) as a check on the model. This step was followed by 
a sensitivity analysis, which also tested the results when 
certain characteristics of studies were excluded, eg, dosage 
adequacy, treatment duration, blinded design, and other 
variables. This helps to test the relative impact of various 
sources of heterogeneity between studies.

The results are somewhat surprising. Of the various 
augmentation approaches tested, only quetiapine 

(OR = 1.92), aripiprazole (OR = 1.85), thyroid hormone 
(OR = 1.84), and lithium (OR = 1.56) were significantly more 
effective than placebo based on response rates. For remission, 
thyroid hormone (OR = 2.94), risperidone (OR = 2.17), 
quetiapine (OR = 2.08), buspirone (OR = 1.86), aripiprazole 
(OR = 1.83), and olanzapine (OR = 1.79) were superior 
to placebo, although it should be noted that remission 
rates are typically low in treatment-resistant depression 
studies. There were no differences from placebo in overall 
acceptability (all-cause discontinuation), but there were 
important differences in tolerability compared with placebo: 
quetiapine (OR = 3.85), olanzapine (OR = 3.36), aripiprazole 
(OR = 2.51), and lithium (OR = 2.30) were significantly less 
well tolerated, and quetiapine was significantly less well 
tolerated than thyroid hormone. The sensitivity analysis, 
which corrected for sources of heterogeneity in studies, 
found stronger effects for aripiprazole and quetiapine than 
thyroid hormone and lithium. 

What, then, can we make of the data? The strength of 
network meta-analysis relative to the results of individual 
studies is both statistical power and the ability to compare 
across multiple interventions when good head-to-head 
comparisons are not available. The principal weaknesses of 
the approach are consistent with the problems associated 
with meta-analysis in general. A meta-analysis is more 
reliable if the studies included are both large and similar 
in design and execution. The more heterogeneity in the 
studies, the less reliable are the estimated outcomes. The 
authors made a good effort to test for some of these effects 
by doing a sensitivity analysis in which studies that lacked 
certain characteristics were left out. However, the variation 
in the included studies introduces a good deal of uncertainty 
in the results.

The odds ratios generated in the analysis are relative to 
placebo. However, a major source of variability in outcomes 
in depression trials is placebo response (or remission). The 
studies analyzed had highly variable placebo response rates, 
which would then be expected to affect the odds ratios 
generated. To take examples from the augmentation trials 
with olanzapine, the placebo response rate ranged from 
10%12 to 50%.13 High placebo response in some of the 
clinical trials could certainly affect the data and conclusions. 
In the case of olanzapine, for example, high placebo effect in 
some trials would affect the OR in the meta-analysis (1.40).

The choice of 2 atypical antipsychotic augmentation 
medications, quetiapine and aripiprazole, as “winners” in the 
meta-analysis appears to ignore the rates of discontinuation 
due to side effects. For quetiapine and aripiprazole, the ORs 
for response were 1.92 and 1.85, respectively, while ORs for 
discontinuation were 3.85 and 2.51, respectively. Further, 
these were rates of intolerability in only short-term trials 
and do not take into consideration the risks associated with 
longer-term use, such as weight gain, metabolic syndrome, 
and tardive dyskinesia. In fairness, the authors do interpret 
their data with caution about the adverse effects of these 
medications. The beneficial effects of thyroid hormone (for 
response, OR = 1.84), by contrast, were comparable to both of 
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the atypical antipsychotics, and it was much more tolerable 
(OR = 1.36). The effects of thyroid hormone diminished in 
the sensitivity analysis because of heterogeneity. This can 
be attributable, in part, to the lack of well-designed larger-
scale trials, which is due to the fact that no pharmaceutical 
company supported the studies. Thyroid hormone 
augmentation fared reasonably well in step 3 of the STAR*D 
study (although the study was not placebo controlled) with 
a 24.3% response rate in combination with several types of 
antidepressants (32.4% with the SSRI citalopram), which was 
better than other step 3 options.1

The results of meta-analyses should always be interpreted 
with caution. Rather than necessarily informing clinical 
practice, perhaps the strongest use of network meta-analysis 
results is to inform future larger-scale trials. In the current 
funding and policy climate, these types of studies are very 
unlikely to happen. The typical current approach is to use 
large pragmatic effectiveness studies (including data from 
treatment networks). While there is great value in these 
studies, they seldom are able to distinguish the relative 
benefits of one treatment against another (although they 
are somewhat better at comparing harms). In the absence 
of larger controlled studies, meta-analysis may have to 
substitute.
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