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Major depressive disorder is a disabling condition that impacts on
function and well-being. It is one of the leading causes of disease burden
in high-income countries. Treatment of this disorder can be challenging
because a significant minority of patients do not respond to initial
pharmacotherapy. There has been on-going debate about the ‘efficacy’
of antidepressants given a large placebo response in trial data. In this
nonsystematic review this is discussed and recent studies are quoted that
point to more effective ways in interpreting antidepressant randomized
controlled trial data. An analysis of recent studies that impact on current
clinical practice is also presented, including studies of Agomelatine,
antidepressant combinations and augmentation strategies. Studies that
may pave the way to more effective treatments and a better understanding
of the pathophysiology of this disabling condition are highlighted.
These include introduction of triple reuptake inhibitors, NMDA receptor
antagonists and glucocorticoid receptor antagonists.
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Major depressive disorder (MDD) is characterized by episodes of low mood with
associated symptoms of loss of interest, anhedonia, anergia, sleep and appetite disturbance, poor concentration and memory, pessimistic thoughts regarding the future
and recurrent thoughts of death. The impact of depression on individuals can be
profound with marked impairments in occupational and social functioning [1] , as
well as increases in mortality not only as a result of suicide but also due to increase in
death from somatic causes, including an approximate doubling in the risk of death
from cardiovascular disease [2,3] . As a result, according to the WHO, MDD is associated with the largest burden of disease in the developed world compared with all
other disorders, both psychiatric and physical [4] . The management of depression can
be multifactorial, employing a variety of psychosocial interventions, psychotherapy
and medication. Guidelines such as those produced by the UK’s NICE and the
British Association for Psychopharmacology recommend the routine prescription of
antidepressants for patients with moderate to severe depression, and consideration
of their use in those with less severe illness that is persistent [5,6] . Most commonly,
selective serotonin reuptake inhibitors (SSRIs), such as fluoxetine or citalopram, are
prescribed as first-line treatment. A significant minority of patients do not respond
to initial pharmacotherapy [7] and hence strategies are necessary for patients with
‘treatment refractory depression’.
Despite the recommendations of various guidelines, and observations of increasing
prescription of antidepressants [8] , in recent years there has been some controversy
regarding their use. In particular, a publication in 2008 by Kirsch and colleagues
argued, on the basis of a meta-analysis of data from randomized controlled trials
(RCTs) of antidepressants in MDD, that the drugs were not clinically significantly
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superior to placebo except in those patients with very
severe depression [9] . As a result, these researchers questioned the use of antidepressants in the majority of
depressed patients.
In this nonsystematic review, recent research has been
considered, focusing on RCTs of treatment in unipolar
depression, particularly those published since 2010. The
review is divided into three sections. The first discusses
recent analyses regarding the evaluation of antidepressants in placebo-controlled RCTs in the context of the
concerns raised by Kirsch (2008). This relates to the
fundamental question of the utility of antidepressants
in the management of MDD. The second section considers recently published data that relates to currently
available medication and hence that has a potential
impact on current clinical practice. The third section
of the review considers data relating to treatments not
yet licensed for use and considers future prospects for
the pharmacological management of MDD.
Do antidepressants work in patients with MDD?

The conclusions drawn by the meta-analysis of Kirsch
et al., titled ‘Initial Severity and Antidepressant Benefits’, published in 2008, have been challenged by a number of authors [10–14] . Much of the criticism is focused
on the methods of analysis used by Kirsch et al. with
some authors re-analyzing the data. The related issue of
how data in clinical trials is analyzed is also considered
in this section.
■■ Analysis conducted by Kirsch et al.

The data used in the Kirsch et al. meta-analysis came
from 35 RCTs of four antidepressants (venlafaxine,
fluoxetine, paroxetine and nefazadone) in MDD held
by the US FDA. This has the advantage in that it avoids
the potential of publication bias. Turner and colleagues
have demonstrated a significantly larger effect size for
the effect of antidepressants versus placebo in MDD
RCTs in published studies versus those submitted to
the FDA [15] . The method of analysis used by Kirsch
et al. entailed pooled data from active-treatment arms
being compared with pooled data from placebo arms.
A fixed-effects analysis to weight the RCT’s included in
the meta-analysis, which assumes that the effect being
estimated is constant across the sample, was also used.
With regard to the effect size, while Kirsch did analyze
mean differences in depression rating scale scores (they
used the Hamilton Depression Rating Scale [HDRS]),
their primary analysis utilized standardized differences
– Cohen’s d.
The main findings of the analysis by Kirsch et al.
were that, overall, while there was a statistically significant effect of antidepressants across all of the trials,
they argued that the effect was not clinically significant.
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The difference in mean HDRS for drug and placebo
was 1.80 or a standardized effect difference of d = 0.32
(note there was difference between the four drugs studied with d = 0.21, 0.22, 0.42 and 0.47 for nefazadone,
fluoxetine, venlafaxine and paroxetine, respectively).
Kirsch et al. cited as a bench mark for clinical significance NICE depression guidelines (CG 23), published
in 2004, which suggested a clinically significant difference between antidepressant and placebo would be
three points on the HDRS or d = 0.5. Another major
finding of Kirsch et al. was a significant effect of baseline
depression severity on the drug–placebo difference. In
their analysis, while drug response remained relatively
consistent, there was a decrease in placebo response with
increasing severity, and hence increasing drug–placebo
difference. From this analysis they determined that the
standardized difference did not reach NICE’s cut off
of 0.5 until the baseline HDRS was above 28, which
Kirsch et al. described, on the basis of a published statement by the American Psychiatric Association, as ‘very
severe’. This led to their conclusion that antidepressants
are only of clinical utility in those few patients with the
very severest depression.
■■ Criticisms of the Kirsch et al. analysis
& conclusions

The actual methods used by Kirsch et al. in their ana
lysis have been criticized by many. For example, the
use of pooled data has been criticized by Horder et al.
who pointed out that standard meta-analytical practice
is to compare the difference between active treatment
and placebo within each trial before averaging these
differences [13] . This paper also criticized the use of a
fixed effect analysis, given the heterogeneous nature of
the trials included in the analysis. They suggested that
the magnitude of the effect of antidepressants may well
vary between trials and as such random-effects weighting, which does not make this assumption, should be
used in a meta-analysis. These concerns are reiterated by
Fountoulakis and Möller who suggest that the pooled
effect size should be calculated by weighting sample
size or the inverse of the variance [12] . Since all of the
trials included in the meta-analysis used HDRS scores
as an outcome measure, Horder et al. question the use
of Cohen’s d as the primary measure of effect size in
the Kirsch analysis. Their argument was that although
standardized effects sizes are useful when trials do not
share a common outcome measure this is not the case
in the data set used. Therefore, the use of difference in
HDRS scores would be more powerful and is in line
with Cochrane recommendations [201] . Both Horder
et al. and Fountoulakis and Moller have re-analyzed
the data examined by Kirsch and found drug–placebo
differences of between 2.18 and 2.70 HDRS points
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(compared with 1.80 by Kirsch et al.). They also found
that this difference was above the NICE stated threshold of 3 for both venlafaxine and paroxetine. Kirsch and
his colleagues have responded to these criticisms of their
analysis and stand by their findings [16] .
With regard to the findings in relation to the impact
of baseline severity, there is also lack of consensus.
Horder et al., in their re-analysis of Kirsch’s data found
that the response to placebo was relatively independent
of baseline severity while the effect of antidepressants
increases with severity [13] . Using a different data set of
fluoxetine and venlafaxine data, Gibbons et al. found
no effect of baseline severity on antidepressant placebo
differences at all [17] . This was similar to the finding
of Melander et al. who examined a large set of data
submitted to the European Medicines Agency [18] .
■■ Interpreting results from clinical trials:
responders & nonresponders?

In the critic by Horder et al. of the Kirsch et al. analysis,
they conclude that “the true lesson of the present controversies may be not that antidepressants do not work very
well, but that antidepressant research does not work very
well” [13] . One of the key issues here is that using mean
differences in rating scale scores potentially obscures
differences in responses between patients. This may well
be due to the specific effects of treatments being somewhat smaller than the nonspecific effects seen with any
treatment including placebo [19] . The finding of Kirsch
et al. that the standardized effect size for the difference between drug and placebo is <0.5 [9] , which had
been set by NICE as the cut off for clinical significance,
is confirmed in other analyses such as that by Turner
et al. taking publication bias into account [15] . However,
from the perspective of an individual doctor with an
individual patient, it is more important to consider the
chances that the patient will respond or remit rather
than the mean difference in rating scale score across a
population. As a result, some argue that response- and
remission-rate differences between drug and placebo are
more clinically meaningful [18] . However, this is not an
approach employed by NICE since they have accepted
the argument made to them by Kirsch that significant
differences in rates of patients achieving some categorical end point can arise through a trivial difference in
mean rating scale score [20] . This argument is predicated on the distribution of rating scale scores being
unimodal.
In the context of this debate, Thase et al. have questioned whether current methods of analyzing antidepressant trial data are appropriate and consider whether
antidepressant efficacy is better understood as a large
effect in a subgroup of patients who respond to treatment [21] . To explore this issue, they examined data
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pooled from five RCTs of escitalopram versus placebo
using standard methods (analysis of covariance) based
on an assumption of a unimodal distribution of rating
scale scores and a mixed analysis assuming a bimodal
distribution. The standard methods assume that baseline scores are normally distributed and that treatment
interventions cause the distribution to be shifted laterally. The bimodal mixture allows for a flexible shape
of the distribution of observed depression rating scale
scores and examines the change in this distribution
with treatment. In the data examined, all trials used the
Montgomery-Asberg depression rating scale (MADRS)
as a primary outcome measure at week 8, with remission
defined as MADRS score of ≤10 or ≤12 and response
as ≥50% reduction from baseline MADRS score. The
mixture model better described the distribution of
week 8 MADRS scores and was a better predictor of
observed response and remission rates. Thase et al. concluded that reporting small mean differences in rating
scales potentially “obscure large and clinically meaningful responses for a subgroup of patients with depression”
including in some patients with ‘less severe’ depression.
From a similar perspective, Gueorguieva et al.
studied pooled data from seven RCTs of duloxetine
and comparator SSRIs [22] . Specifically, they statistically examined the trajectory of change of individual
patients. While those treated with placebo could not
be statistically separated from a single trajectory, those
treated with antidepressants fell into two groups; those
with a trajectory of response (76.3% of the sample
treated with active-drug) and those with a trajectory of
nonresponse (23.7% of the sample). While those who
responded did better than those treated with placebo,
the active drug nonresponders actually did far worse
than placebo-treated patients. In addition, by separating out responders and nonresponders to medication
demonstrated a much larger effect of drugs in those who
respond than normally seen in standard RCT analyses.
The drug–placebo difference for responders in the Gueorguieva et al. study was over 4.5 HDRS points, while
that between responders and nonresponders all given
medication was over 11 HDRS poins. As the authors
point out, the fact that the trajectory of nonresponders
in the active drug group was worse than those on placebo may contribute to the problem of demonstrating
antidepressant efficacy in clinical trials and that by presenting results as a group mean, the positive impact on
those who respond may be minimized by the unchanged
or negative impact on those that do not.
Conclusions

In some people’s eyes the question of efficacy of anti
depressants in MDD remains a contentious issue.
Several points are however worth making. First, the
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argument of Kirsch et al. on the lack of clinically significant effects of antidepressants was based on completely arbitrary criteria for clinical significance set out
by NICE in CG24, published in 2004. It is important
to note that the revision of these guidelines published
in 2009 (CG90) continues to argue that antidepressants
are appropriate first-line treatments for patients with at
least moderate severity MDD, but they have dropped
their previous definitions of clinical significance [6] . This
is an acceptance in part that RCTs are not specifically
designed to assess clinical significance, as opposed to
simply being research tools to statistically test hypothesis that a treatment works [10] . Second, the conclusions
drawn by Kirsch that if antidepressants are of any use
at all, they are just for those patients with very severe
depression, is also challenged by other studies that do
not find effects of baseline severity on degree of response
[17,18] . The importance of this is critical since it has influence in terms of which depressed patients should be
recommended to be treated with antidepressants. Third,
the novel analytical approaches to antidepressant RCT
data employed by Thase et al. and Gueorguieva et al.
also point to the potential need to move away from current simple analysis techniques when assessing whether
or not a drug is effective in at least some patients [21,22] .
Fourth, differentiating the pharmacological effect of a
drug from placebo will always be challenging in a relapsing/remitting condition, such as MDD where the effect
size of placebo is large (~ 0.5) and certainly greater than
no treatment or watchful waiting.
The bottom line is that prescription of placebo is
not ethically accepted and there is at the very least a
statistically significant greater effect of active drug over
placebo. As a result, treatment guidelines continue to
recommend antidepressants for patients with moderate
to severe depression.
Recent clinical trials of currently available
treatments

This section reviews recently published clinical trials relating to currently available (and licensed –
though with some being used ‘off label’) treatments
and so hence with the potential to impact on current
prescribing practice.
■■ Agomelatine

Agomelatine (Valdoxan®) is a synthetic melatonin analogue initially evaluated for its beneficial effects on sleep.
It is known to be an agonist at melatonergic MT1 and
MT2 receptors and an antagonist at serotonin 5HT2C
receptors [23] , and has been shown to have efficacy
as an antidepressant [24,25] . Stahl et al. performed an
8-week, multicenter, double-blind, parallel-group trial
in 503 patients randomly allocated on a 1:1:1 basis to
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agomelatine 25 mg, agomelatine 50 mg or placebo, daily
[26] . In terms of reduction in HDRS scores, agomelatine 25 mg separated from placebo at all-time points
as did the 50 mg dose (with the exception of the final
8 week assessment). Both doses were associated with a
significantly higher rate of response and remission compared with placebo. Similarly, Zajecka et al. conducted
an identically designed study in 511 patients [27] . They
reported significantly superior efficacy of agomelatine
50 mg compared with placebo in terms of reductions
in HDRS score and response and remission rates. The
25 mg dose, however, did not separate from placebo.
Notably, agomelatine was also associated with significant improvements in sleep and the drug was extremely
well tolerated. However, clinically notable transient aminotransferase elevations were observed in 4.5% of those
treated with agomelatine 50 mg. In terms of relapse
prevention, a 24-week double-blind, placebo-controlled
trial by Goodwin et al. assessed the long-term antidepressant effect of agomelatine treatment [28] . Patients
who had been responsive to 8–10 weeks of agomelatine
treatment were randomized to continue on the drug
(n = 165) or switch to placebo (n = 174) for an additional
6-month period. By 10 weeks post-randomization, there
was a statistically significant difference between treatments with a 12% lower rate of relapse with agomelatine
compared with placebo treatment. At 6 months, the
relapse rate was 22% in the agomelatine group and 47%
in the placebo group.
On the basis of these acute- and long-term data,
agomelatine received a marketing authorization for the
treatment of major depressive episodes in adults in February 2009 by the European Medicines Agency. One
requirement stated in the Summary of Product Characteristics is that liver function tests should be performed
before prescription of the drug and then at 3, 6, 12 and
24 weeks.
There have been several randomized, double-blind
studies comparing agomelatine with other anti
depressants, three have been published to date. A
venlafaxine comparator trial compared a fixed dose
of agomelatine 50 mg with venlafaxine XR 150 mg in
276 patients with depression [29] . The primary outcome
was sexual function, which was significantly better on
agomelatine compared with venlafaxine. Antidepressant efficacy was similar in the two treatment groups
in terms of mean decrease in MADRS scores as well as
response and remission rates. The antidepressant effects
of sertraline (50–100 mg; n = 159) versus agomelatine
(25–50 mg; n = 154) has also been compared in a
6-week trial [30] . The primary outcome was circadian
rest–activity cycles. This, plus sleep, improved more
with agomelatine compared with sertraline. There was
also a significantly greater reduction in HDRS score
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with agomelatine. The most recently published comparator study was conducted in patients with severe
depression (HDRS at least 25) and treated with either
flexible dose agomelatine (25–50 mg; n = 252) or fluoxetine (20–40 mg; n = 263) [31] . The primary outcome
was reduction in HDRS score and agomelatine was
found to be significantly superior to fluoxetine with
a difference in mean scores at end point of approximately 1.5 points (see above for discussion regarding
the clinical significance of this).
Conclusions

The data obtained to date suggest that agomelatine is
an effective antidepressant with at least comparable efficacy to currently used treatments. It is also extremely
well tolerated being free of weight gain or sexual side
effects common to other frequently used antidepressants
[32] . This is supported by a large naturalistic study in
over 3000 patients in Germany [33] . However, while
agomelatine was approved by the European Medicines
Agency in July 2011, NICE stated that it was unable to
recommend UK NHS use of agomelatine for the treatment of major depressive episodes because no evidence
submission was received from the manufacturer of agomelatine (Servier [Neuilly-sur-Seine, France]). This,
coupled with the cost of agomelatine versus the current
first line prescription of SSRIs, has led local prescribing
committees in the UK to restrict the use of agomelatine
to a third- or fourth-line agent. The NHS uses a ‘traffic light system’ for the classification of medicines and
agomelatine is classified as ‘red’ in some areas indicating that it can only be prescribed, within secondary or
tertiary services. Its true place within the pharmacological armamentarium for the management of depression, remains unclear but it may be of particular use in
patients not tolerant of other medications and/or those
with marked circadian disturbances.
■■ Vilazodone

Vilazodone is a dual-acting serotonergic drug that
blocks 5-HT re-uptake and, in addition, acts as a
5-HT1A receptor agonist. The drug therefore combines
the effects of an SSRI with direct 5-HT1A activation. In
two published 8-week Phase III trials involving a total
of 878 adults with MDD, vilazodone demonstrated
significant improvements relative to placebo use [34] . It
was therefore approved for the treatment of MDD by
the FDA in January 2011; however, it is not available
for use within Europe.
■■ Antidepressant combinations

The notion of using combinations of antidepressants
for patients with severe treatment refractory depression has been around for almost as long as we have had
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antidepressants. Initially clinicians combined the two
original classes – monoamine oxidize inhibitors and
tricyclic antidepressants – a combination that required
great care due to risks of toxicity [35] . In more recent years
there has been interest in combinations of drugs with
theoretically complementary mechanisms of actions,
particular the use of mirtazapine (which leads to an
increased release of 5-HT and noradrenaline [NA]) and
either an SSRI or a serotonin and NA reuptake inhibitor
(SNRI) such as venlafaxine (the latter being nicknamed
‘Californian rocket fuel’ by one of the doyens of world
psychopharmacology, Steven Stahl). Unfortunately
until recently there have been fewer data to support the
use of such combinations with most of the studies being
small and/or not placebo controlled [36–38] . However
two further recent studies have addressed this issue.
The first of these studies is of interest since it was not
conducted in treatment refractory patients, but rather
studied the effects of treatment given first line [39] . This
was based on a hypothesis that it may be important to
treat patients from the out-set with the most effective
medications. The study was in 105 depressed patients
randomized to one of four treatment arms, being fluoxetine 20 mg compared with mirtazapine 30 mg plus
fluoxetine 20 mg, venlafaxine 225 mg or buproprion
150 mg daily. The authors found a significant difference in mean end point HDRS score at 6 weeks with all
three combinations being superior to fluoxetine monotherapy by approximately 4.5 points. There was, however, no difference in response rates between the four
treatments (fluoxetine monotherapy, 54%; mirtazapine plus fluoxetine, 68%; mirtazapine plus bupropion,
65%; mirtazapine plus venlafaxine, 73%), although this
may have related to a lack of statistical power given
that there were only 25–28 in each treatment arm. An
interesting observation was that in those who made a
substantial response, double-blind discontinuation of
one of the treatments led to a relapse in approximately
40%. There was little difference in terms of tolerability
between the four treatments.
These findings contrast with research by Rush et al.
who conducted the CO-MED study [40] . This was a
three-arm study comparing the efficacy of escitalopram
plus placebo (monotherapy) with buproprion plus escitalopram and venlafaxine plus mirtazapine. Dosage of all
medication was flexible (being up to 20 mg for escitalopram, 400 mg for bupropion, 45 mg for mirtazapine and
300 mg for venlafaxine). This is by far the largest RCT
of combined antidepressants published to date, with
665 patients randomized – meaning approximatelty
220 in each treatment arm. The overall finding of this
research was that the treatment groups did not differ
in either remission or response rates (51.6–52.4%) at
12 weeks. The study continued onto 7 months following
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randomization and all outcome variables remained no
different between groups (response rates 57.4–59.4%).
In terms of tolerability, the venlafaxine–mirtazapine
group had a significantly higher side-effect burden. The
lack of difference in efficacy between the three treatments has also been shown in post hoc analysis in those
with melancholic depression [41] and those with more
severe depression [42]
Conclusions

Prior to the advent of the Co-MED study there had
been a range of small studies that had supported the
use of combinations of antidepressant, particularly
mirtazapine with SSRIs or SNRIs, or at least did not
argue against their use. The question now is whether
the situation is different following the negative results
in by far the largest study. A potentially important issue
is the relative comparability of the various studies, particularly in relation to the nature of the patients being
treated. This is hard because of differences in the ways
that demographic details have been reported. The mean
age of the patients in the Blier et al. study was approximately 44 [39] , which is similar to that in the Co-MED
study [42] as were baseline HDRS scores (22 and 24,
respectively). The patients in the Co-MED study were
more likely to have recurrent depression (78%vs 63%).
Given the aim of the Blier et al. study to examine effects
of different treatment from treatment initiation, the
patients studied appeared to have had shorter durations
of illness (still with 61% at least 1 year, but compared
with 55% with a current episode of at least 2 years and
a mean duration of 61 months in the Co-MED study).
The patients in the Blier et al. study were also more
likely to be melancholic (76 vs 20%). One stricking
feature of patients in the Co-MED study, for which
there is no data reported by Blier et al., is that 45%
of patients had an onset of depression before the age
of 18 with a mean age of first episode being 24. High
rates of childhood abuse were also reported. These comparisons lead to more questions than answers. Several
other differences exist between the Blier et al. study
and the Co-MED study that might explain the conflicting results and conclusions [43,44] . Importantly the
Co-MED study was single blind (the prescribers were
aware of what drugs and doses were being prescribed)
while the Blier et al. study was double blind. A further
difference was the doses used in the two studies. While
in the Co-MED study patients treated with venlafaxine and mirtazapine combination received mean doses
of 192 mg and 20 mg/day, respectively, in the Blier
et al. study, similarly treated patients received 225 mg
and 30 mg. There is a concern that in the Co-MED
study patients were being given sub-therapeutic doses,
particularly of mirtazapine.
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Another important observation comparing the studies is that the remission rate in the monotherapy arm in
Co-MED was 38.8%, whereas in the Blier et al. study
it was 25%. It is unclear why such a difference exists.
It might have related to the patients in Co-MED either
receiving a more efficacious monotherapy (escitalopram
20 mg vs fluoxetine 20 mg) or that the patients were
generally more likely to respond. It is also important
to consider the differences between a large multicenter
RCT such as Co-MED and a single center study such
as that conducted by Blier et al. Coryell has pointed out
that there may be some loss in precision associated with
large-scale multicenter clinical trials due to the variance
between sites [44] .
Prior to the publication of the Co-MED data, many
guidelines from around the world for the management
of treatment refractory depression included recommendations for consideration of the use of mirtazapine in
combination with SSRIs or SNRIs [5,6, 45,46] . It remains
to be seen how guideline development groups revising
these recommendation deal with the new evidence.
■■ Antidepressant augmentation strategies

Similar to combinations of antidepressants, for decades
clinicians have been adding an antipsychotic to an antidepressant when managing patients with MDD. This
has not just been for patients with psychotic symptoms,
but variously used to treat comorbid anxiety symptoms
and/or in an attempt to gain a response in an otherwise
nonresponsive patient. In the last few years there have
been several RCTs of the efficacy of second-generation
(atypical) antipsychotic (SGA) augmentation of anti
depressants. Nelson and Papakostas analyzed 16 placebo-controlled RCTs and found a highly significant
effect in favor of atypical antipsychotic augmentation
though at the expense of worse tolerability [47] . One of
the studies included in this meta-analysis was a large
study by El-Khalili et al. [48] . This was an 8-week,
double-blind, randomized, parallel-group, placebocontrolled trial involving 446 patients recruited from
56 centers. It was designed to evaluate once-daily quetiapine modified release (XR) as augmentation treatment in patients with MDD and a history of inadequate
response to ongoing antidepressant therapy. Patients
were randomized in a 1:1:1 ratio to one of three treatment regimens in addition to ongoing antidepressants
(mainly SSRIs or SNRIs); quetiapine XR 150 mg per
day, quetiapine XR 300 mg per day or placebo. The primary end point was change in the MADRS total score.
This was shown to be significantly greater with quetiapine XR 300 mg than with placebo. Mean MADRS total
score was also reduced with quetiapine XR 150 mg at
week 6, but this difference was not statistically significant compared with placebo. The percentage of patients
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who withdrew from the study was higher in the groups
receiving quetiapine, mostly due to sedation and somnolence. Rates of adverse events related to extra-pyramidal
side effects were low.
A similar study was conducted by Bortnick et al. [49] .
This was again an 8-week study in 310 patients. Patients
were randomized to either quetiapine XR 150 mg or
placebo. However, at week 2 the dose of quetiapine
was up-titrated to 300mg. At the end of 8 weeks there
was a significant 3.4 point difference in mean MADRS
score between quetiapine and placebo. In addition, there
was a significant difference at week 1 before dose uptitration. However, drops due to side effects were significantly higher in the quetiapine treated patients (9.9
vs 2.6%). On the basis of these, plus additional data,
the European Medicines Agency grated a marketing
authorization for quetiapine XR as add on therapy for
patients with suboptimal response to antidepressants
in April 2010.
Aripiprazole is a SGA with a novel mechanism of
action, being a dopamine (DA) receptor partial agonist.
It also differs from other SGAs in that it is generally not
sedative and can, if anything, be rather activating. Given
that many patients with depression are anergic, it is of
interest that three large, multicenter, randomized, doubleblind, placebo-controlled studies have investigated the
efficacy of aripiprazole augmentation of antidepressants
[50–52] . The data from the two earlier studies has been
pooled by Reimherr et al. [53] . Both of these previous
double-blind 6-week RCTs have demonstrated a significant advantage of aripiprazole (flexible doses between 2
and 20 mg: mean 11 mg/day) over placebo as an ‘add-on’
treatment in patients who had failed at least one trial of
an antidepressant retrospectively and one prospective trial
of an SSRI. The advantage of the Reimherr et al. analysis
was that by pooling the data from all 724 patients it was
possible to analyze (post hoc) the effect of aripiprazole on
the full range of depressive symptoms by undertaking an
item analysis on the MADRS. Aripiprazole demonstrated
an advantage in eight of the ten items. This strongly supported the notion that the drug has an effect on the core
symptoms of depression rather than simply a nonspecific
activating effect. In November 2007, the FDA approved
the use of aripiprazole as an augmentation treatment in
MDD. Subsequently, the data were considered by the
European Medicines Agency in June 2009 but a marketing authorization was not granted because of concerns that
included “the lack of controlled data to establish the duration
of treatment and the maintenance of the efficacy” (see ‘Withdrawal Letter’ [202]). The company involved in marketing
the drug (Bristol-Myers Squibb) have subsequently taken
a decision not to pursue this indication within Europe.
In conclusion, there is growing evidence for the use
of SGAs as augmentation agents in the management of
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patients with MDD nonresponsive to antidepressants.
The strongest data showing benefit are for quetiapine
and aripiprazole, although the latter lacks controlled
continuation data. Both are licensed for this use in the
USA, however, only quetiapine is licensed in Europe.
Given that the drugs have very different side-effect profiles, the former sedative and the later activating, they do
potentially offer very different options in the management of patients. There remains uncertainty as to the
relative efficacy between these two drugs compared with
other treatments such as lithium, which has long been
used as an augmentation agent. A RCT has been conducted comparing lithium and quetiapine as augmentation agents. To date, this is yet to be published in full.
However the data are reported to show that in patients
with lithium levels of at least 0.6 mmol/l, there is no
significant difference in the efficacy of the treatments
[Bauer M, Pers. Comm.] .
Potential future pharmacotherapeutic options

This section explores examples of future therapeutic
avenues based on recently published trials of potentially yet to be licensed medications. A number of
these compounds revisit ‘the monoamine hypothesis
of depression’ by targeting the ‘conventional’ pathways
known to be implicated in the mechanisms of actions
of antidepressants in current use, namely the 5-HT,
NA and DA systems. Other compounds build upon
recently developed ideas regarding the involvement of
different systems, such as glutamate, GABA, acetylcholine and neurosteroids in the pathophysiology and
psychopharmacology of depression.
■■ Vortioxetine

Vortioxetine (Lu-A A21004; (1-[2-(2,4-dimethylphenylsulfanyl)-phenyl]-piperazine)) is a novel ‘multi
modal’ antidepressant drug currently under development by Lundbeck [54,55] . It binds to human 5-HT1A
and 5-HT1B receptors acting as a near-full and partial
agonist, respectively. It also acts as an antagonist at
5-HT3 and 5-HT 7 receptors and an inhibitor of the
5-HT transporter (SERT). In rodents, vortioxetine has
been shown to increase the extracellular concentrations
of 5-HT, NA and DA in the prefrontal cortex and the
hippocampus [56] . It has been investigated in a multicenter RCT with an active reference of venlafaxine [55] .
In this Lundbeck-sponsored, 6-week, Phase II clinical
trial, 429 adult patients with a major depressive episode
were randomized to receive 5 or 10 mg vortioxetine,
placebo or venlafaxine XR 225 mg. The therapeutic
antidepressant effect of both doses of vortioxetine were
comparable with venlafaxine XR and significantly better than placebo. This was the case in relation to both
depressive and anxiety symptoms. It is intriguing that
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the dose of 5 mg vortioxetine was shown to be effective
although such a dose leads to approximately 40% occupancy of SERT sites [56] . This indicates that additional
pharmacological mechanisms may be involved in the
antidepressant therapeutic effect. In another RCT of
766 depressed patients treated with placebo, vortioxetine or the active comparator duloxetine, neither active
treatment was superior to placebo on the primary outcome measure, although there were some significant
effects of both drugs on a number of subscales of depression measures [57] . These results are not entirely surprising given the large number of (often unpublished) failed
antidepressant RCTs and the difficulties inherent in
analyzing RCT data described in the first section of this
review. Another Lundbeck-sponsored trial investigated
vortioxetine at a daily dose of 5 mg in elderly depressed
patients compared with placebo and duloxetine 60 mg
daily [58] . In this study, vortioxetine as well as duloxetine were superior to placebo on the primary outcome
measure (reduction in HDRS score) compared with
placebo. Of potential note, vortioxetine treatment led
to improvements in various cognitive functions including processing speed, verbal learning and memory. The
dropout rate due to side effects was lower for vortioxetine than duloxetine. In addition, the only side effect
that demonstrated significantly higher incidence on vortioxetine compared with placebo was nausea. Taken
together, the results of these trials are promising and
indicate efficacy and tolerability of vortioxetine. On
the basis of this, Lundbeck have submitted an application for approval to the European Medicines Agency in
September 2012.
■■ DA receptor ligands and 5-HT, NA, DA triple
reuptake inhibitors

The introduction of the SSRIs was revolutionary since
their pharmacological selectivity led to minimizing
adverse events seen with more ‘dirty’ pharmacological
drugs such as the older tricyclic antidepressants. However, questions remain about the relative efficacy of the
‘cleaner’ SSRIs, with evidence that SNRIs have greater
efficacy compared with SSRIs, particularly in those
with severe depression [59] . This raises the question that
perhaps drugs with effects on monoaminergic transmission beyond simply a selective effect on 5-HT may
have greater efficacy. In addition to noradrenergic transmission that is influenced by SNRIs, there is evidence
that dopaminergic dysregulation may be implicated in
a number of depressive symptoms, such as anhedonia,
lack of energy, poor motivation and neurocognitive
impairment [60–62] . Currently however, dopaminergic
neurotransmission is generally not considered as a target for antidepressant treatment. However, the DA and
NA reuptake inhibitor bupropion has been in use as an
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effective antidepressant for over 20 years [63,64] . Furthermore, pramipexole, which is a DA-D2, -D3 and -D4
receptor agonist used in Parkinson’s disease, has shown
efficacy in treating major depression [65] .
More recently, 5-HT, NA and DA reuptake inhibitors, also known as triple reuptake inhibitors, have been
under development as new-generation antidepressants.
An example of such a drug is amitifadine (also known as
EB-1010; DOV21947), which is a serotonin-preferring
triple reuptake inhibitor developed by Euthymics Bioscience Inc. (Cambridge, MA, USA). In a multicenter
RCT, Tran et al. studied the efficacy and tolerability of a
6-week course of amitifadine in 63 patients with MDD,
initiated at a daily dose of 50 mg and titrated up to a
daily dose of 100 mg, compared with placebo [66] . Amitifadine demonstrated a significant superiority to placebo
with a difference of approximately 4 points on end point
MADRS score and an effect size of 0.6 (Cohen’s d). In
addition, amitifadine significantly improved anhedonia,
a core symptom of major depression thought to relate to
DA dysregulation. Amitifadine was well tolerated with
just two patients (6%) on amitifadine and two patients
(7%) on placebo discontinuing treatment due to adverse
events. This proof-of-concept small-size study provided
initial evidence of antidepressant effect and good tolerability of amitifadine, although larger scale studies are
clearly still required.
A concern with drugs that block DA transporters is
their potential for abuse. This has been addressed in a
study by Schoedel et al. [67] . They analyzed the abuse
potential of the triple reuptake inhibitor tesofensine,
compared with placebo, d-amphetamine, bupropion
and atomoxetine in recreational stimulant users. The
effects of tesofensine were not significantly different
from those of placebo. The results showed that, certainly for the triple uptake inhibitor tesofensine, blockade of DA uptake appears unlikely to be associated with
recreational abuse.
■■ Glutamate

There are a number of reasons to consider a possibility
for a role of glutamate in the pathophysiology and treatment of depression. First, changes in glutamate levels
in plasma and cerebral spinal fluid have been shown
in patients with mood disorders [68–70] . Second, functional neuroimaging studies using proton magnetic
resonance spectroscopy have demonstrated decreased
glutamate concentrations in the anterior cingulate cortex of patients with major depression [71] . Third, traditional antidepressants such as tricyclic antidepressants
and SSRIs have been shown to decrease the function
of the glutamate NMDA receptor [72] . As a result, it
has been postulated that antagonizing NMDA receptors may have antidepressant effects. This has been
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investigated with the NMDA antagonist ketamine
with promising results. In an initial proof-of-concept
RCT, Berman et al. demonstrated that a single intravenous dose of ketamine (0.5 mg/kg) led to a rapid
significant improvement in depressive symptoms [73] .
The mood improvement peaked at 72 h post-ketamine
treatment and was not due to the transient neurocognitive effects of ketamine (including the dissociative and
psychotomimetic effects), since these did not last for
more than 2 h. More recently, a RCT replicated the Berman et al. study by administering a single intravenous
dose of ketamine (0.5 mg/kg) or placebo in 18 patients
with treatment-resistant depression [74] . It was found in
this trial that within hours of administering the active
treatment, patients demonstrated a marked response
that maintained for a week postinfusion. One of the
important aspects of ketamine treatment is its effect on
suicidal thoughts. Contrary to the effects of many anti
depressants that have been suggested to possibly worsen
suicidality, especially in adolescents and young adults
[75] , ketamine has been shown to rapidly improve suicidal ideation [76–78] . As such, ketamine may prove to be
an important addition to current antidepressant treatment. The excitement related to the findings of ketamine
in depression have been highlighted in various reports
in popular publications, such as TIME magazine [79] .
Further work is currently underway examining the effect
of repeated ketamine administration and also the use of
alternative glutaminergic drugs that can be given orally.
■■ Substance P/NK1 antagonists

Substance P is a peptide neurotransmitter found within
the CNS and which binds to NK1 receptors. NK1
receptor antagonists have been investigated for potential antidepressant efficacy for over a decade following
positive preclinical signals and early proof-of-concept
trails. It was proposed that these drugs may have direct
effect on mood, independent of other neurotransmitter systems [80] . However, subsequent larger RCTs in
MDD were rather disappointing, although interest
continued in relation to their role in treating various
anxiety disorders [81] . More recently casopitant, which
is a selective NK1 antagonist that leads to high levels
of receptor occupancy at doses being trialed, has been
investigated by GlaxoSmithKline. In a recent paper,
Ratti et al. presented two Phase II RCTs in patients with
MDD [82] . Trial 1, compared the effect of an 8-week
course of casopitant 30 or 80 mg, or placebo daily and
found that the higher dose, but not the lower dose, led to
a significant improvement on the HDRS scale compared
with placebo with a 2.7 point difference. However, trial
2, which had an active comparator paroxetine (30 mg
daily), found that neither casopitant (titrated up to
120 mg daily), nor paroxetine separated from placebo
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on the HDRS scale. Whether or not the difficult in
determining whether NK1 antagonists are antidepressants is due to the fundamental problems with RCTs
in depression discussed above is not clear. It is also not
clear if any potential effects are being mediated via an
entirely novel mechanism. Recent evidence indicates
that their action may be via interactions with pathways
other than those related to substance P, including the
hypothalamic–pituitary–adrenal axis, and 5-HT and
NA neurotransmitter systems [83,84] .
■■ Neuroactive steroids & antiglucocorticoid
treatments

Neuroactive steroids, whether produced de novo
within the central nervous system (neurosteroids) or
in the periphery are considered unique among steroids
since they can alter neuronal excitability via effects on
neurotransmitter receptors [85] . For example, neuro
active steroids have been shown to modulate inhibitory
GABA A receptors and excitatory NMDA receptors.
They have also been implicated in the pathophysiology
of depression and as a potential target for the development of novel antidepressant treatments [86] . For example, decreased plasma levels of the neurosteroids 3a,5atetrahydroprogesterone (allopregnanolone) and 3a,5btetrahydroprogesterone (pregnanolone) have been
found in depressed patients (including those who are
medication-naive) [87,88] . Other neurosteroids, namely
dehydroepiandrosterone (DHEA) and its sulphated
ester DHEA-S have been shown to inversely correlate
with more depressed mood [89] , although this is still controversial [90,91] . A more accurate and consistent ‘functional’ measure of corticosteroid levels in depression is
the cortisol/DHEA ratio [92,93] . Indeed raised cortisol/
DHEA ratio have been shown in depressed patients
compared with controls in many [93–96], although not
all [97], studies. Treatment with DHEA and pregnenolone have shown antidepressant-like effects in animal
studies [98,99] . In humans, DHEA treatment has been
shown to improve mood in depressed patients [100] as
well as in healthy subjects [91] . The antidepressant effects
of DHEA may relate to its functional antiglucocorticoid
properties via correction of abnormally elevated cortisol/DHEA ratio. However, other mechanisms including
direct effects of DHEA on 5-HT and GABA receptors
have been postulated [101] .
Depression is associated with significant abnormalities
of the hypothalamic–pituitary–adrenal axis [10,102,103] ,
particularly elevated corticosteroid concentrations (or
cortisol/DHEA ratios). As a result, a large number of
studies over the last few decades have explored a range
of antiglucocorticoid treatments including administration of DHEA (described above), corticotrophin
releasing hormone antagonists, glucocorticoid receptor
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antagonists such as mifepristone, and steroid synthesis
inhibitors such as metyrapone [104,105] . Most studies to
date have essentially been small proof-of-concept trials and the results are somewhat mixed [104,106] . An
exception to these are three RCTs of mifepristone in
patients with psychotic MDD. The first was conducted
in 221 patients randomized to mifepristone or placebo
and found no significant effect of the drug on depressive
symptoms, but did find a significant effect on psychotic
symptoms measured using the Brief Psychiatric Rating
Scale [107] . As a result in the second study in 258 patients,
the primary outcome measure was response, defined as a
50% decrease in the Brief Psychiatric Rating Scale score
[108] . There was no significant difference between mifepristone and placebo on the primary outcome; however, the authors noted that those with a mifepristone
plasma concentration ≥1800 ng/ml were significantly
more likely to respond. The third and most recent RCT
examined mifepristone in 433 patients with psychotic
MDD [109] . Again there was no significant difference
between the drug and placebo on the primary outcome,
although using an a priori plasma concentration cut off
of 1660 ng/ml, those patients with higher levels were
more likely to have a rapid and sustained improvement
in symptoms compared with placebo. Clearly, the fact
that all three of these RCTs failed on primary outcome
measures suggest that the case is far from proven for a
role of mifepristone in the management of psychotic
depression.
Another area of current research is the use of the steroid synthesis inhibitor metyrapone as an augmentation
agent with antidepressants in patients with treatmentrefractory depression [105] . There are preclinical data
that suggest the addition of metyrapone to classical
antidepressants enhances effects in standard tests of
antidepressant activity [110] . The main published clinical trial supporting this line of research currently is that
of Jahn et al. who conducted a study in 63 patients with
MDD, randomized to placebo or metyrapone added
into standard antidepressant treatment with either
nefazadone or fluvoxamine [111] . A significantly higher
response rate was found in patients treated with metyrapone. There is currently a multicenter independently
funded study being carried out in the UK investigating
the efficacy of metyrapone augmentation of standard
serotonergic antidepressants in patients with treatment
refractory depression (The ADD Study [203]). Results
are awaited.
Future perspective

While there has been contention over the efficacy of
antidepressants for the treatment of MDD, the conclusion is most authorities argue that currently available drugs are effective and should continue to be

146

www.futurescience.com

used. It seems unlikely that the rate of prescribing will
do anything other than continue to increase as it has
been doing over the last couple of decades [112] . While
guidelines have essentially raised the hurdle in terms of
who to prescribe antidepressants to by switching from
ICD-10 to DSM-IV criteria for depression [6,113] , it is
unclear that this is having much impact in primary care
where most antidepressant prescribing occurs, certainly
in the UK.
Recent large RCTs within the last 2 years have demonstrated the efficacy of the antidepressant agomelatine in MDD. This drug is of interest given its novel
pharmacological mechanism of action. However, from
a clinical stand point its main advantage over currently
available drugs appears to be its high degree of tolerability. Whether there are clinically significant differences in efficacy between agomelatine and other antidepressants is difficult to say, at least in part due to the
inherent problems in the current design and analysis
of RCTs in depression. This uncertainty has been a
factor in medicines management bodies especially in
the UK, attempting to limit the use of agomelatine
due to its higher purchase cost compared with generic
anti‑depressants. This is having the consequence of a
much slower take up of the drug in the UK compared
with other countries in Europe. Until the drug goes
off patent, usage may only increase if there is clinical
experience of benefits from its use.
The problems of determining differences in efficacy
not just between antidepressants and placebo, but especially between different antidepressants also hinder the
ability to definitively determine whether there is any
advantage to the use of antidepressant combinations.
It is of some concern that by far the largest study of
combinations was conducted in a potentially somewhat
unusual population of patients with MDD with very
high rates of childhood abuse and early onset of depression. As a result, unless revisions of guidelines come
out strongly against the use of combinations, they may
continue to be employed by those clinicians that have
faith in them.
The data regarding antipsychotic augmentation of
antidepressants for patients with suboptimal response
to monotherapy are very persuasive. In particular, there
is strong evidence for the use of quetiapine, which is
licensed in Europe and the USA, and aripiprazole, which
is only licensed in the latter. The size of the data sets for
both of these drugs exceeds that for the traditional gold
standard for augmentation, lithium, certainly in terms of
numbers of patients included in RCTs. Given the greater
ease of use of antipsychotics compared with lithium,
which requires blood monitoring, then it is likely that
antipsychotics will continue to replace lithium as clinicians first-line choice as an augmentation agent.
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In terms of new therapeutic options on the horizon,
it is easy to be somewhat pessimistic given the withdrawal of a number of major pharmaceutical companies from neuroscience research in the last couple of
years. In addition, there is the fundamental problem of
conducting RCTs in patients with MDD, which makes
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detecting an effect of a novel drug challenging. This
may well continue to be the case until there are major
break throughs with regard to our understanding of
the pathophysiology of depression. Most people would
agree that the umbrella label of ‘depression’ probably
covers a heterogeneous group of pathologies. Until this

Executive summary
Do antidepressants work in patients with major depressive disorder?
■■ It has been suggested that antidepressants are only of clinical utility in patients with very severe depression, although the
methodologies leading to this view have been criticized.
■■ Mean differences in rating scale scores between patients treated with antidepressants versus placebo may obscure important
differences. Analyzing response data using a bimodal distribution may be more clinically meaningful.
■■ National guidelines continue to recommend the use of antidepressants in moderate to severe major depressive disorder (MDD).
Recent clinical trials of currently available treatments
■■ Agomelatine
- Agomelatine is a melatonergic agonist and 5-HT2C antagonist with efficacy as an antidepressant.
- It has a favorable side-effect profile compared with other antidepressants but routine liver function testing is required by the
drug’s authorization.
■■ Antidepressant combinations
- Combinations of antidepressants with complementary mechanisms of action are frequently used for patients with treatment
refractory depression.
- Studies examining the efficacy of such combinations show conflicting findings, perhaps due to differences in study design.
- Guidelines currently recommend consideration of antidepressant combinations for refractory patients. It is unclear if this
advice needs to change.
■■ Antidepressant augmentation strategies
- There are data supporting second-generation antipsychotic augmentation of antidepressants in patients with sub-optimal
response, especially quetiapine and aripiprazole. Both are licensed for this use in the USA but only quetiapine is licensed in
Europe.
Potential future pharmacotherapeutic options
■■ Vortioxetine
- Vortioxetine is a ‘multimodal’ antidepressant that acts as an agonist at 5-HT1A and 5-HT1B receptors and an antagonist at 5-HT3
and 5-HT 7 receptors. It also is a 5-HT transporter inhibitor. It is under review for treatment of MDD.
■■ Dopamine receptor ligands and 5-HT, noradrenalin, dopamine triple reuptake inhibitors
- Dopaminergic dysregulation may be implicated in a number of depressive symptoms.
- Triple reuptake inhibitors (5-HT, noradrenalin and dopamine reuptake inhibitors) have been under development, including
amitifadine.
- There are theoretical concerns that dopamine uptake blockade might lead to abuse potential. This has not been seen in one
study addressing this.
■■ Glutamate
- A range of studies demonstrate glutaminergic dysfunction in MDD.
- Intravenous ketamine (an NMDA receptor antagonist) has shown promising results. However its use may be limited by its
mode of administration and dissociative side effects.
- Alternative glutaminergic drugs are under investigation.
■■ Substance P/NK1 antagonists
- Substance P is a centrally active peptide acting on NK1 receptors.
- Casopitant is a selective NK1 antagonist that is being trialed in MDD with some positive results.
■■ Neuroactive steroids & antiglucocorticoid treatments
- The neurosteroid dehydroepiandrosterone has shown antidepressant-like effects in animal studies and shown to improve
mood in healthy volunteers and depressed patients.
- Depression is associated with significant abnormalities of the hypothalamic–pituitary–adrenal axis.
- Three randomized controlled trials have examined mifepristone (a glucocorticoid receptor antagonist) in patients with
psychotic MDD. In all, the drug failed on the primary outcome measure, although effects were seen on secondary outcomes
and when examining response in patients with higher plasma levels. Research into mifepristone continues.
- Metyrapone, a steroid synthesis inhibitor, has also been studied as an augmentation agent in patients with treatment
refractory depression and results of a large trial in the UK are awaited.
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is better understood and clarified, it will not be possible to stratify patients and enable focused targeting
of specific treatments to specific patients. These issues
may be particularly relevant to the less than dramatic
findings with various novel therapies, including the
NK1 antagonists and the antiglucocorticoids. As a
result, the only new treatments coming over the horizon that have a high chance of penetrating routine
clinical practice are drugs such as vortioxetine and
amitifadine, which continue to act via similar monoaminergic mechanisms to current antidepressants.
Perhaps the one possible exception and bright light
is ketamine and glutaminergic treatments. However,
despite very positive findings over 6 years ago, it is
still not at all clear if and when such drugs will enter
routine clinical practice.
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