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Abstract

Background: Atypical antipsychotic augmentation was demonstrated to be efficacious in treatment-resistant depression
(TRD) in previous meta-analyses. We investigate whether there are differences in the effect size of atypical antipsychotic
augmentation in major depressive disorder according to the degree of treatment resistance.

Methods: A comprehensive search of four databases identified 11 randomized controlled trials. The 11 trials, which included
3 341 participants, were pooled using a random-effects meta-analysis.

Results: Atypical antipsychotic augmentation of antidepressant therapy showed superior efficacy compared to antidepressant
monotherapy in TRD in terms of both response and remission rates (response, risk ratio [RR] = 1.38, 95% confidence interval
[CI] = 1.25 to 1.53; remission, RR = 1.62, 95% CI = 1.42 to 1.85). In addition, regarding response rates in the TRD trials, atypical
antipsychotic augmentation exhibited significantly different effect sizes according to the degree of treatment resistance (TRD
1:RR=1.24; TRD 2: RR = 1.37; TRD 2-4: RR = 1.58). In non-TRD trials, atypical antipsychotic augmentation failed to show superior
efficacy over antidepressant monotherapy in terms of remission rates (RR = 0.89; 95% CI = 0.69 to 1.14). Atypical antipsychotic
augmentation of antidepressant therapy exhibits greater effect size in patients with a higher degree of treatment resistance.
Conclusions: This finding strengthens the rationale for considering atypical antipsychotic augmentation among depressed
patients with multiple previous treatment failures in clinical practice. The efficacy of atypical antipsychotic augmentation for
non-TRD seems to be different from that for TRD and, thus, further studies of non-TRD populations are needed.
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Introduction

Since the introduction of newer antidepressants such as selec-
tive serotonin reuptake inhibitors (SSRIs) and serotonin norepi-
nephrine reuptake inhibitors, there have been great advances
in treatments for major depressive disorder (MDD; Garnock-
Jones and McCormack, 2010; Nichols et al., 2010; Choi et al. 2012;
Rocha et al., 2012; Citrome, 2013). However, many patients with
MDD have shown inadequate responses to standard antidepres-
sant therapy (Rush et al., 2006; Nelson and Papakostas, 2009;
Vieta and Colom, 2011; Turner et al., 2014). As a result, many
researchers have sought to develop better treatment strategies
for treatment-resistant MDD (Bauer et al., 2014; Carvalho et al.,
2014; Fond et al., 2014; McIntyre et al., 2014; McNamara et al.,
2014); one such is augmentation treatment with atypical antip-
sychotic agents (Nelson and Papakostas, 2009). Previous articles
include three meta-analyses (Papakostas et al., 2007; Nelson and
Papakostas, 2009; Spielmans et al., 2013), one Cochrane review
(Komossa et al., 2010), and several other review articles (Chen
et al., 2011; Kato and Chang, 2013; Wright et al., 2013) that have
demonstrated the efficacy of atypical antipsychotic augmenta-
tion among patients with MDD.

Previous meta-analyses found that different atypical antip-
sychotics had no significant differences in efficacy. It was also
found that the duration of augmentation treatment did not sig-
nificantly affect the pooled efficacy results (Papakostas et al.,
2007; Nelson and Papakostas, 2009). However, the impact of vari-
ables such as the baseline severity of depression or the degree
of treatment resistance on the effects of atypical antipsychotic
augmentation in patients with MDD remains unknown.

In the Sequenced Treatment Alternatives to Relieve
Depression (STAR'D) trial, patients who were more treat-
ment resistant showed lower response and remission rates
when treated with standard pharmacotherapy, suggesting that
patients who required more treatment steps differed from
those who required fewer steps in terms of treatment response
to pharmacotherapy (Rush et al., 2006). Even though atypical
antipsychotic augmentation was demonstrated to be effica-
cious for treatment-resistant depression (TRD), there has been
no systematic review or meta-analysis so far that investigated
whether the effect size of atypical antipsychotic augmenta-
tion differs according to the degree of treatment resistance or
TRD stage.

The primary objective of this meta-analysis is to investi-
gate whether there is a difference in the effect sizes of atypical
antipsychotic augmentation according to the degree of treat-
ment resistance, defined as the number of treatment failures
during the index episode among TRD patients. The secondary
objective is to determine whether there is a difference in the
effect sizes of atypical antipsychotic augmentation between
non-TRD and TRD populations. We hypothesized that atypi-
cal antipsychotic augmentation in TRD would have greater
effect sizes for higher degrees of treatment resistance. We also
hypothesized that atypical antipsychotic augmentation would
show a difference in effect size between TRD and non-TRD
populations.

Methods

We performed a comprehensive literature search using multi-
ple databases investigating the efficacy of atypical antipsychotic
augmentation added to standard antidepressant therapy among
patients with MDD who are either treatment resistant or not. We
conducted this meta-analysis using the Cochrane review meth-
ods (Higgins and Green, 2008).

Data Source and Literature Source

We searched the Cochrane Library, EMBASE, MEDLINE, and
KoreaMed on May 30, 2014. There was no restriction on lan-
guage in our literature search. The following MeSH terms and
keywords were used for the search through MEDLINE: atypi-
cal antipsychotic agent, neuroleptic, antipsychotic, aripipra-
zole, asenapine, clozapine, olanzapine, quetiapine, risperidone,
sulpiride, ziprasidone, zotepine, blonanserin, iloperidone, lur-
asidone, paliperidone, major depression, and depression. Please
see Supplementary Table S1 for the full search formula. For the
other databases, we employed the same search strategies. After
the electronic search, we also hand-searched the reference lists
of identified articles.

Study Selection

Two reviewers (Drs Wang and Bahk) decided independently
whether the identified studies met the selection criteria. The
assessment of study inclusion was made with two levels of
screening. We screened the titles and abstracts at the first
level, and then we screened the full text at the second level.
Studies were included in our meta-analysis if they: (1) were
double-blind, placebo-controlled, randomized, acute-phase
trials investigating the efficacy of atypical antipsychotic aug-
mentation; (2) included subjects with non-psychotic MDD,
regardless of the degree of treatment resistance; and (3) were
published in a peer-reviewed journal. There were no restric-
tions regarding the dosage or the duration of atypical antip-
sychotic augmentation. The studies were excluded if: (1) they
included subjects who had other comorbid major psychiat-
ric disorders, other anxiety or somatic symptoms, or other
comorbid medical diseases; (2) in a treatment arm, subjects
were given both placebo and atypical antipsychotics (for
example, during the first part of a double-blind phase, subjects
were given a placebo, and then during the second part, they
were given a low-dose atypical antipsychotic agent); or (3) they
investigated the efficacy of atypical antipsychotic augmenta-
tion for relapse prevention.

Data Extraction

Two reviewers (Drs Wang and Bahk) extracted data indepen-
dently from each study based on a predefined data extraction
form. Any disagreements were resolved by discussion between
the two reviewers. The following data were extracted from each
study: (1) remission rate, with remission defined in each trial by
either a Montgomery-Asberg Depression Rating Scale (MADRS;
Montgomery and Asberg, 1979) score <8, 10, or 12 or a Hamilton
Rating Scale for Depression (HAMD; Hamilton, 1960) score <7,
(2) response rate, with response defined as a >50% reduction of
baseline MADRS or HAMD scores; (3) type of atypical antipsy-
chotic agent; (4) medication dose; (5) duration of augmentation
treatment with atypical antipsychotics; (6) degree of treatment
resistance (defined as the number of failed attempts to show
adequate response to standard antidepressant therapy during
the current index episode, not including any previous episodes);
and (7) other demographic variables, including participant age
and sex.

Assessment of Methodological Quality

The two reviewers (Drs Wang and Bahk) assessed the quality of
each included study based on their risk of bias as defined in the
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Cochrane Handbook for Systematic Reviews of Interventions
(Higgins and Green, 2008). Any disagreements between the two
reviewers were resolved with discussion.

We did not assess publication bias because our analysis only
included nine TRD trials and two non-TRD trials.

Statistical Analysis

The primary outcome variables of our meta-analysis were
response rate and remission rate in patients with MDD treated
with atypical antipsychotics in addition to standard antidepres-
sant therapy. Response rate was defined by at least a 50% reduc-
tion of MADRS or HAMD scores from baseline. Remission rate
was defined as either MADRS <8, 10, or 12, or HAMD <7 at the
endpoint, and we used the authors’ definition of remission from
their original articles. If possible, the data from the intention-
to-treat sample in each trial were used for analysis. For dichot-
omous outcomes in response rate and remission rate, results
were expressed as RR with their 95% CIs.

For heterogeneity estimation, we used the I? statistic. The
meanings of the I? values are as follows: 25% for low, 50% for
moderate, and 75% for high heterogeneity. Considering the het-
erogeneity of the population characteristics in each trial and the
use of various types of atypical antipsychotics, we used a ran-
dom effects model.

We conducted subgroup analyses according to the degree
of treatment resistance, defined as the number of failed trials
during the current index episode. To investigate whether dif-
ferent definitions of remission could affect the outcome of our
meta-analysis, we conducted a sensitivity analysis comparing
subgroups with different definitions of remission. For these
analyses, we used RevMan version 5.2.

To investigate whether there are significant differences in
effect sizes according to the degree of treatment resistance
within TRD, we conducted a meta-regression for response and
remission efficacy data using STATA.

Results

Identification of Studies

Searches of the databases identified 6 007 articles for possible
inclusion (Figure 1). Of these, 5 063 publications were excluded
because it was clear from the title and abstract that they did
not meet the selection criteria. For the remaining 44 articles, we
obtained full manuscripts, and following scrutiny of these, we
excluded 34 publications because nine were open-label studies,
six were post hoc analysis studies, five were poster abstracts,
five were review articles, and four used a previous history of
treatment failure and were not confined to the current index
episodes. Two trials were excluded from this meta-analysis
because in one treatment arm, participants were given a pla-
cebo for the first 30 days prior to switching to aripiprazole for
the last 30 days; thus, both the placebo and the active drug were
administered in the same treatment arm during double-blind
phases. We excluded three further studies for other reasons.
Therefore, the total number of articles included in the review
was 10 (Figure 1). Among these 10 studies, two trials identical
in study design were included in Thase et al’s study (2007), and
thus, a total of 11 trials were included in this meta-analysis.

We classified the 11 trials into four groups according to
the degree of treatment resistance, defined by the number
of trials with failure to show adequate response to standard
antidepressant therapy within the current index depressive
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Figure 1. PRISMA

episode: we defined non-TRD as no history of treatment fail-
ure to standard antidepressant therapy (SAT) within the cur-
rent depressive episode (Garakani et al., 2008; Lin et al., 2011);
TRD 1 as a history of one treatment failure to SAT within the
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current depressive episode (Mahmoud et al., 2007; Bauer et al.,
2009; El-Khalili et al., 2010); TRD 2 as a history of two treatment
failures to SAT within the current depressive episode (Thase
et al., 2007); and TRD 2-4 as a history of two to four treatment
failures to SAT within the current depressive episode (Berman
et al.,, 2007, 2009; Marcus et al., 2008; Kamijima et al., 2013).
There were no significant differences in the SAT used in the
included studies (see Supplementary Table S2 to identify con-
trol medications used in each study). All four of the TRD 24 tri-
als were aripiprazole trials, in which subjects with a history of
one to three treatment failures within the index episode were
included, and those who failed to respond to prospective anti-
depressant therapy again were randomized to either atypical
antipsychotics or placebo added to ongoing antidepressants.
None of the TRD 24 trials provided efficacy results separately
for those with two, three, or four treatment failures. In all four
TRD 2-4 trials, the proportion of subjects with two treatment
failures was the highest, followed by those with three, and then
four, treatment failures.

The data of all 11 trials were included in the remission
analysis. However, two non-TRD trials were excluded from the
response analysis because only one of them (Lin et al., 2011) pro-
vided the data for responses, and we thought it was meaning-
less to show the response rate results from only one non-TRD
trial. Thus, a total of nine TRD trials were included in the analy-
sis of response rates to determine whether there was a differ-
ence in the effect sizes for response rate according to the degree
of treatment resistance.

Study Characteristics and Patient Populations

The 11 trials included one trial with risperidone (Mahmoud
et al., 2007), three with quetiapine (Garakani et al., 2008; Bauer
et al,, 2009; El-Khalili et al., 2010), two with an olanzapine-
fluoxetine combination (Thase et al., 2007), and five with ari-
piprazole (Berman et al., 2007, 2009; Marcus et al., 2008; Lin
et al.,, 2011; Kamijima et al., 2013). Two trials investigated the
efficacy of atypical antipsychotics in the non-TRD population
(Garakani et al., 2008; Lin et al., 2011), and the remaining nine
trials did so in the TRD population. In the 11 trials, data from
a total of 3 341 participants were included for the remission
analysis, and among them, 1 931 were given atypical antipsy-
chotics and the other 1 410 were given placebos. In nine tri-
als, data from a total of 3 239 participants were included for
the response analysis; among them, 1 882 were given atypi-
cal antipsychotics and the other 1 357 were given placebo. The
characteristics of the included 11 trials are summarized in
Table 1.

Quality of the Included Studies

We assessed the quality of the included studies using the risk
of bias. The details regarding random sequence generation and
blinding were rarely reported. Thus, it is unclear whether blind-
ing and random sequence generation was actually appropri-
ately conducted. Overall, we consider the quality of the included
studies to be unclear. The results are summarized in a risk of
bias graph (Figure 2).

Response

We present the results of the meta-analysis regard-
ing response rate as a forest plot (Figure 3). The pooled
risk ratio for atypical antipsychotic augmentation versus

Table 1. Characteristics of the Trials Included in this Meta-Analysis

Duration of pro-

Total number of failed

spective antide-

antidepressant trials during Number of

Duration of double-
blind phase (weeks)
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Atypical antipsy-

chotics

antipsychotics (mg)

TRD stage

Study

8

n/a

no

25-100

quetiapine

Non-TRD
Non-TRD

TRD 1

Garakani et al., 2008
Lin et al., 2011

n/a 4 (a priori 10 weeks)
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2.5
1 until week 4,1 or 2

aripiprazole
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1

risperidone

Mahmoud et al., 2007

since after

quetiapine fumarate 150, 300

n/a

no

TRD 1

Bauer et al., 2009

extended-release
quetiapine fumarate 150, 300

n/a

no

TRD 1

El-Khalili et al., 2010

extended-release

OFC
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2
2

OFC (0 6-18, F 50-100)
OFC (0 6-18, F 50-100)

3,3-15
2-20
2-20
2-20

TRD 2

Thase et al., 2007 (1)

OFC

TRD 2

Thase et al., 2007 (2)

1-3
1-3
1-3
1-3

2-4
2-4
2-4
2-4

aripiprazole

TRD 2-4

Kamijima et al., 2013

aripiprazole

TRD 2-4

Berman et al., 2007

aripiprazole

TRD 2-4

Marcus et al., 2008
Berman et al., 2009

aripiprazole

TRD 24

AAP, atypical antipsychotic agent; non-TRD, non-treatment resistant depression; OFC, olanzapine-fluoxetine combination; SAT, standard antidepressant therapy; TRD, treatment resistant depression; TRD 1, defined by no history
of treatment failure to SAT within the current depressive episode; TRD 2, defined by history of two treatment failures to SAT within the current depressive episode; TRD 24, defined by history of two to four treatment failures to

SAT within the current depressive episode.
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Figure 2. Risk of Bias Graph of Included Studies. The colors represent the quality
of the studies included in this meta-analysis: red for high risk, yellow for uncer-
tain, and green for low risk. The overall risk is unclear.

antidepressant monotherapy in total TRD trials (including
the TRD 1, 2, and 2-4 groups) was 1.38 (95% CI = 1.25 to 1.53),
confirming the superior efficacy of atypical antipsychotic aug-
mentation in TRD. The risk ratios for atypical antipsychotic
augmentation versus antidepressant monotherapy according
to the degree of treatment resistance were 1.24 (95% CI = 1.08
to 1.41) for TRD 1; 1.37 (95% CI = 1.04 to 1.80) for TRD 2; and
1.58 (95% CI = 1.35 to 1.84) for TRD 2-4. The test for subgroup
differences showed moderate heterogeneity between TRD
groups (TRD 1 vs. TRD 2 vs. TRD 2-4; Chi? = 5.6, I = 64.3%). The
meta-regression analysis showed that there were statistically
significant differences in effect sizes according to the degree
of treatment resistance, suggesting that the higher the resist-
ance to treatment, the greater the effect size is (Z = 0.121257,
p = 0.050; Figure 4).

H.R.Wangetal. | 5

Remission

We present the result of the meta-analysis regarding remission
rate as a forest plot (Figure 5). The pooled risk ratio for atypical
antipsychotic augmentation versus antidepressant monother-
apy in total TRD trials (including the TRD 1, 2, and 2-4 groups)
was 1.62 (95% CI = 1.42-1.85, z = 7.21, n = 9, p < 0.00001), con-
firming the superior efficacy of atypical antipsychotic augmen-
tation. The test for heterogeneity within TRD trials showed no
heterogeneity (Chi? = 3.26, p = 0.92, I = 0%). Risk ratios according
to the degree of treatment resistance were 1.55 (95% CI = 1.25-
1.92) for TRD 1; 1.63 (95% CI = 1.11-2.38) for TRD 2; and 1.68 (95%
CI = 1.40-2.03) for TRD 2—4. Testing the differences among TRD
subgroups (TRD 1 vs. TRD 2 vs. TRD 2-4) showed no heterogene-
ity (Chi? = 0.31, p = 0.86, I? = 0%, Figure 5). The meta-regression
analysis showed that there were no significant differences in
effect sizes according to the degree of treatment resistance in
TRD trials in terms of remission rate (Z = 0.0402108, p = 0.595;
Figure 6).

Meanwhile, the pooled risk ratio for atypical antipsychotic
augmentation versus antidepressant monotherapy among non-
TRD trials was 0.89 (95% CI = 0.69 to 1.14,z = 0.94,n = 2, p = 0.35),
failing to show any superior efficacy of atypical antipsychotic
augmentation to antidepressant monotherapy. The test for het-
erogeneity showed no heterogeneity (Chi? = 0.26, df = 1, p = 0.49,
12 = 0%) within non-TRD trials (Figure 5).

To investigate whether the different definitions of remission
adopted in each study could affect the outcome of our meta-
analysis, we conducted a sensitivity analysis according to the
definitions. We originally used the authors’ definition (MADRS
<8, 10, or HAMD <7) to calculate pooled risk ratios of remission
rates; however, the majority of the included studies provided
information regarding remission rates defined as MADRS <10.
Thus, we classified them into two subgroups (using the authors’
definition vs. MADRS <10), and compared the pooled risk ratios
between the different definitions of remission. The pooled risk
ratio when using the authors’ definition (MADRS <8) was 1.50
(95% CI =1.19 to 1.88), and when using MADRS <10 was 1.38 (95%
CI = 1.14 to 1.66). There was no significant subgroup difference
(I2 = 0%, p = 0.57), suggesting that different definitions of remis-
sion did not significantly affect the outcome of our meta-analy-
sis (see Supplementary Figure S1).

Discussion

In our meta-analysis, data from a total of 10 reports of 11 trials
were analyzed. In both remission and response analyses among
TRD groups, this meta-analysis confirms the superior efficacy of
atypical antipsychotic augmentation compared to antidepres-
sant monotherapy, as was demonstrated in previous meta-anal-
yses (Papakostas et al., 2007; Nelson and Papakostas, 2009).

In addition, in terms of response rates among TRD groups,
this meta-analysis revealed significant differences in effect sizes
of atypical antipsychotic augmentation according to the degree
of treatment resistance. The effect sizes of atypical antipsychotic
augmentation became larger as the degree of treatment resist-
ance became higher. The heterogeneity between TRD subgroups
was moderate, with I? values of 64.3%. The results from the
meta-regression demonstrate that the difference in effect sizes
according to the degree of treatment resistance is statistically sig-
nificant (Z = 0.121257, p = 0.050). In the STAR’D report, as partici-
pants required more and more treatment steps, the response and
remission rates became lower (Nierenberg et al., 2006; Rush et al.,
2006). These studies showed that multiple treatment failures (in


http://ijnp.oxfordjournals.org/lookup/suppl/doi:10.1093/ijnp/pyv023/-/DC1

6 | International Journal of Neuropsychopharmacology, 2015

Experimental Control
Study or Subgroup _ Events
11.2TRD1
Bauer et al., 2009 185 327 74 160 21.8%
El-Khalili et al., 2010 160 289 B6 143 19.6%
Mahmoud et al., 2007 49 137 33 1N 6.9%
Subtotal (95% CI) 753 434  48.3%
Total events 394 173

Heterogeneity: Tau®= 0.00; Chi*= 0.64, df= 2 (p=0.73); F=0%
Test for overall effect: Z=3.17 (p=0.002)

11.3TRD 2

Thase et al., 2007 (2) 43 97 30 101 6.8%
Thase et al., 2007(1) 37 101 30 102 61%
Subtotal (95% CI) 198 203  12.8%
Total events g0 60

Heterogeneity: Tau®= 0.00; Chi*= 042, df=1 {(p=0.51); F=0%
Test for overall effect: Z= 2.27 (p=0.02)

114TRD 24

Berman et al., 2007 61 181 41 172 8.2%
Berman et al., 2009 81 174 45 169 10.4%
Kamijima et al., 2013 158 391 55 185 13.7%
Marcus et al., 2008 B0 185 32 184 B.6%
Subtotal (95% CI) 931 720 38.9%
Total events 361 173

Heterogeneity: Tau®= 0.00; Chi*= 211, df= 3 (p=0.55); F=0%
Test for overall effect: Z=5.83 (p < 0.00001)

Total (95% CI) 1882

Total events 835 406
Heterogeneity: Tau®= 0.00; Chi*= 8.80, df= 8 (p=0.35); F=10%
Test for overall effect: Z=6.28 (p = 0.00001)

1357 100.0%

Testfor subaroun differences: Chi*=5.60. df=2 (p=0.06). I*=64.3%

Total Events Total Weight M-H. Random, 95% Cl

Risk Ratio Risk Ratio

M-H. Random, 95% CI

1.22[1.01,1.48]
1.20[0.98, 1.47]
1.42(0.98, 2.08)
1.24[1.08,1.41]

2R

1.49[1.03,2.17]
1.25[0.84, 1.85] ’
1.37 [1.04, 1.80]

*17

1.41 1.0, 1.98]
1.75[1.30, 2.35]
1.44[1.12,1.86]
1.86[1.28,2.72)
1.58 [1.35, 1.84]

-oi*-li

1.38 [1.25, 1.53] '

L | 1
0.om 01 1 10 100
Favors [experimental] Favors [control]

Figure 3. Relative risk ratios of response rates for atypical antipsychotic augmentation in treatment-resistant depression. CI, confidence interval; M-H, Mantel Haen-
szel method; SAT, standard antidepressant therapy; TRD, treatment resistant depression; TRD 1, defined by no history of treatment failure to SAT within the current
depressive episode; TRD 2, defined by history of two treatment failures to SAT within the current depressive episode; TRD 24, defined by history of two to four treat-

ment failures to SAT within the current depressive episode.
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Figure 4. Meta-regression analysis of response rate in treatment-resistant
depression. Type 1 indicates the TRD 1 group, 2 indicates the TRD 2 group, and 3
indicates the TRD 2-4 group. The coefficient is 0.121257, and the p value is 0.050.
RR, risk ratio; SAT, standard antidepressant therapy; TRD, treatment resistant
depression; TRD 1, defined by no history of treatment failure to SAT within the
current depressive episode; TRD 2, defined by history of two treatment failures
to SAT within the current depressive episode; TRD 24, defined by history of two
to four treatment failures to SAT within the current depressive episode.

other words, higher degrees of treatment resistance) were associ-
ated with worse prognoses for subsequent antidepressant trials.
A systematic review regarding the switching of antidepressant
strategies after administration of a first SSRI found that the

number of previous antidepressant treatments was negatively
correlated with the treatment outcome (Ruhe et al., 2006). As the
first study to investigate whether the degree of treatment resist-
ance can predict the magnitude of the effect sizes for atypical
antipsychotic augmentation, our meta-analysis yields findings
with valuable meaning. The positive correlation between effect
size and the degree of treatment resistance has the important
clinical implication that atypical antipsychotic augmentation is
more effective in reducing subsequent treatment failures among
patients with a higher degree of treatment resistance. This means
that atypical antipsychotic augmentation could be an especially
good alternative treatment strategy for patients with relatively
high numbers of treatment failures within the index episodes.
However, we cannot definitively state that the difference in effect
sizes between TRD groups shown in our meta-analysis results
only from the difference in the number of treatment failures
within the index episode. It is possible that other socio-demo-
graphic or disease-related characteristics of the populations,
other than the number of treatment failures within the index
episode, could affect the actual treatment refractoriness of each
population. There are previous reports that patients with concur-
rent hypomanic/manic symptoms, somatic symptoms, or anxiety
symptoms could respond to atypical antipsychotics differently
than those without those symptoms (Altamura et al., 2004; Karp
et al., 2005; Pae et al., 2012; Patkar et al., 2012). Thus, in the pre-
sent situation where there is a lack of information regarding
those population characteristics in the included trials, we should
be careful in explaining the significantly different effect sizes
according to the degree of treatment resistance.
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Figure 5. Relative risk ratios of remission rates for atypical antipsychotic augmentation in depression. CI, confidence interval; M-H, Mantel Haenszel method; Non-TRD,
non-treatment resistant depression; SAT, standard antidepressant therapy; TRD, treatment resistant depression; TRD 1, defined by no history of treatment failure to
SAT within the current depressive episode; TRD 2, defined by history of two treatment failures to SAT within the current depressive episode; TRD 2-4, defined by history

of two to four treatment failures to SAT within the current depressive episode.
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Figure 6. Meta-regression analysis of remission rate in treatment resistant
depression. Type 1 indicates the TRD 1 group, 2 indicates the TRD 2 group, and
3 indicates the TRD 24 group. The coefficient is 0.0402108, and p value is 0.595.
RR, risk ratio; SAT, standard antidepressant therapy; TRD, treatment resistant
depression; TRD 1, defined by no history of treatment failure to SAT within the
current depressive episode; TRD 2, defined by history of two treatment failures
to SAT within the current depressive episode; TRD 24, defined by history of two
to four treatment failures to SAT within the current depressive episode.

In terms of remission rate among TRD groups, this meta-anal-
ysis also showed the tendency that, as the degree of treatment
resistance became higher, the effect size became larger. However,

this trend was not statistically significant. We think the reason
why the results from the analysis of remission rates are not as
significant as those from the analysis of response rates is as fol-
lows. The definition of remission requires the absolute values of
MADRS or HAMD scores at the endpoint to be lower than a certain
point, whereas the definition of response requires a >50% reduc-
tion from baseline MADRS or HAMD scores. The definition of the
degree of treatment resistance, in our meta-analysis, depends
on the number of treatment failures (failure to achieve >25-50%
symptom reduction with standard antidepressant therapy) within
the index episodes. Thus, we think the results from the analysis
of response rate, compared to remission rate, showed a statisti-
cally stronger correlation between the effect size and the degree
of treatment resistance. To identify whether pooled response and
remission rates may differ according to the degree of resistance
that we defined here, we calculated pooled response and remis-
sion rates among control groups (antidepressant monotherapy
groups) according to the degree of treatment resistance among
the TRD trials. The control response rates were 39.90% for the TRD
1 group, 29.6% for the TRD 2 group, and 24.0% for the TRD 2-4
group, showing a tendency for higher degrees of resistance to be
associated with lower response rates. The control remission rates
were 19.0% for the TRD 1 group, 16.7% for the TRD 2 group, and
17.6% for TRD the 2—4 group. This negative correlation between
the degree of treatment resistance and control response rates is
in line with the previous findings in STAR*D (Rush et al., 2006). To
put it another way, even though we used arbitrary definitions for
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grouping TRD in this meta-analysis by using the number of previ-
ous treatment failures within the index episode, more treatment-
resistant patients are classified into higher TRD groups (TRD 2
or TRD 2—4 rather than TRD 1). The negative correlation between
the control remission rate and the degree of treatment resistance
was not as prominent as that between the control response rate
and the degree of resistance. This might be explained by the fact
that the mean baseline severity of depression in the TRD 2—4 con-
trol group was lower than that in the TRD 2 control group, which
could be related to the cut-off point difference of the HAMD in the
inclusion criteria between the TRD 2 and TRD 24 groups.

A previous meta-analysis for MDD showed that the magni-
tude of clinical benefits of antidepressant therapy, compared
to a placebo, increased with the baseline severity of depressive
symptoms (Fournier et al., 2010). In addition, a retrospective
study showed that baseline severity of depressive symptoms
was a predictor of response for lithium augmentation among
patients with TRD (Bschor et al., 2001). However, interestingly, in
this study, the mean MADRS total scores of the control groups at
randomization were lower in TRD 2-4 trials compared to those
in TRD 1 or TRD 2 (27.6-28.2 for TRD 1; 29.7-30.1 for TRD 2; 25.5-
27.1 for TRD 2-4). This might be partly due to the lower cut-off
points of the HAMD in inclusion criteria for the augmentation
phases of the TRD 24 trials. Nevertheless, the control response
rates in TRD 2-4 were lowest among the TRD groups. These find-
ings suggest that among patients with TRD, the response rate to
pharmacotherapy is associated more with the degree of treat-
ment resistance than with the baseline severity of depressive
symptoms. If this is true, these findings provide good evidence
showing that patients with a high degree of treatment resist-
ance, but with relatively low symptom severity, could have clini-
cal benefit from atypical antipsychotic augmentation. However,
to confirm this, further studies are needed.

Meanwhile, this meta-analysis revealed that the efficacy
of atypical antipsychotic augmentation differed according to
whether or not the population was treatment-resistant. This meta-
analysis failed to show the superior efficacy of atypical antipsy-
chotic augmentation compared to antidepressant monotherapy
among non-TRD populations in terms of remission. However, this
negative efficacy result for non-TRD should be interpreted with
caution. First, the dosages of atypical antipsychotics used in both
non-TRD studies were relatively small (quetiapine 25-100mg/day,
aripiprazole 2.5mg/day), and these low dosages could have led to
the negative efficacy results. Second, there are some limitations in
the non-TRD studies. Especially in Lin et al.’s study (2011), the most
critical limitation is a high drop-out rate, leading to a broken bal-
ance design at week 6, and thus, the authors assessed the efficacy
of low-dose aripiprazole augmentation using the 4-week efficacy
data, rather than the a priori 10-week efficacy data. Considering
these issues and the results from the two non-TRD trials, we can
say that the efficacy of low-dose atypical antipsychotic augmen-
tation among non-TRD patients remains unclear, and the exist-
ing evidence is not enough to recommend the use of low-dose
atypical antipsychotics among non-TRD patients. Further, larger-
sample, high-quality studies that investigate the efficacy of atypi-
cal antipsychotic augmentation among the non-TRD population
and investigate effective dosages of atypical antipsychotics in that
population are warranted.

There are several limitations to our meta-analysis. First, we
used an arbitrary classification regarding treatment resistance
that depended on the number of failed antidepressant trials during
the index episode. The definitions of treatment-resistant depres-
sion are various and still evolving (Thase and Rush, 1997; Fava,
2003). The definition by Thase and Rush, which is commonly used,

employs the failure to tricyclic antidepressant (TCA) or monoam-
ine oxidase inhibitor (MAOI) as a major cut-off point, and thus, to
apply this definition in current clinical practice, where TCA and
MAOI are not used as commonly as before, seems to be rather
impractical. Second, we only included randomized controlled tri-
als and excluded trials in which the participants had comorbid
psychiatric symptoms or medical conditions; thus, our results
cannot be generalized to community populations with depression.
Third, we only included two non-TRD trials, thus hampering the
generalizability of our results to the entire non-TRD population.
Fourth, there were not enough studies enabling comparison of
effect sizes of different atypical antipsychotics within a same TRD
stage. However, the finding of previous meta-analyses that dif-
ferent atypical antipsychotics did not have significantly different
efficacy (Papakostas et al., 2007; Nelson and Papakostas, 2009) sug-
gests that the use of different atypical antipsychotics does not
have a significant influence on the pooled effect sizes, depending
on the degree of treatment resistance. Even with these limitations,
our meta-analysis draws the important conclusion that atypical
antipsychotic augmentation is more efficacious in reducing subse-
quent treatment failure in those with higher degrees of treatment
resistance. In addition, this meta-analysis suggests that the degree
of treatment resistance during the index depressive episode could
be a useful predictor of the effect of atypical antipsychotic aug-
mentation. The findings of this meta-analysis may strengthen
the rationale for the use of atypical antipsychotic augmentation
among depressed patients with higher degrees of treatment resist-
ance in clinical practice. We think that future studies directly com-
paring the effect sizes of various alternative treatment strategies
(for example, atypical antipsychotic augmentation versus lithium
augmentation) for TRD according to the degree of treatment resist-
ance will help clinicians choose appropriate treatment strategies
for each level of treatment resistance.
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