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Vortioxetine: a meta-analysis of 12 short-term,
randomized, placebo-controlled clinical trials for the
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Background: Vortioxetine was approved by the U.S. Food and Drug Administration (FDA) in September 2013 for treating major depressive
disorder (MDD). Thus far, a number of randomized, double-blind, placebo-controlled clinical trials (RCTs) of vortioxetine have been con-
ducted in patients with MDD. We performed a meta-analysis to increase the statistical power of these studies and enhance our current
understanding of the role of vortioxetine in the treatment of MDD. Methods: We performed an extensive search of databases and the clin-
ical trial registry. The mean change in total scores on the 24-item Hamilton Rating Scale for Depression (HAM-D) and the Montgomery—
Asberg Depression Rating Scale (MADRS) from the baseline were the primary outcome measures. The secondary efficacy measures were
the response and remission rates, as defined by a 50% or greater reduction in HAM-D/MADRS total scores and as a score of 10 or less in
the MADRS and 7 or less in the HAM-D total scores at the end of treatment. Results: We included 7 published and 5 unpublished short-
term (6-12 wk) RCTs in our meta-analysis. Vortioxetine was significantly more effective than placebo, with an effect size (standardized
mean difference [SMD]) of —0.217 (95% confidence interval [Cl] —=0.313 to —0.122) and with odds ratios (ORs) for response and remission of
1.652 (95% CIl 1.321 to 2.067) and 1.399 (95% CI 1.104 to 1.773), respectively. Those treated with vortioxetine did not differ significantly
from those treated with selective norepinephrine reuptake inhibitors/agomelatine with regard to the SMD of the primary outcome measure
(0.081, —0.062 to 0.223) or for response (OR 0.815, 95% CI 0.585 to 1.135) and remission (OR 0.843, 95% CIl 0.575 to 1.238) rates. Dis-
continuation owing to lack of efficacy (OR 0.541, 95% CI 0.308 to 0.950) was significantly less common among those treated with vortiox-
etine than among those who received placebo, whereas discontinuation owing to adverse events (AEs; OR 1.530, 95% CI 1.144 to 2.047)
was significantly more common among those treated with vortioxetine than among those receiving placebo. There was no significant differ-
ence in discontinuation rates between vortioxetine and comparators owing to inefficacy (OR 0.983, 95% CIl 0.585 to 1.650), whereas dis-
continuation owing to AEs was significantly less common in the vortioxetine than in the comparator group (OR 0.728, 95% CI 0.554 to
0.957). Limitations: Studies examining the role of vortioxetine in the treatment of MDD are limited. Conclusion: Although our results sug-
gest that vortioxetine may be an effective treatment option for MDD, they should be interpreted and translated into clinical practice with cau-
tion, as the meta-analysis was based on a limited number of heterogeneous RCTs.

Introduction

Major depressive disorder (MDD), a common debilitating ill-
ness, is one of the leading causes of disability and disease world-
wide.! Despite the availability of diverse antidepressants, many
patients with depression do not achieve proper treatment out-
comes.>* Although many drugs relying on mechanisms of ac-

tion that are not related to monoamine have been tested, the
targets of approved antidepressants are still based on the mono-
amine hypothesis.* As a result, increasing remission and re-
sponse rates have been associated with greater reliance on poly-
pharmacy strategies that involve combining antidepressants
and augmenting them with other agents.>® However, this ap-
proach has increased concerns about adverse events (AEs) and
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health care costs.!” Therefore, new pharmacological agents with
novel mechanisms of action are needed for patients who do not
respond to conventional antidepressant treatments 5114

The development of vortioxetine, an antidepressant with a
novel mechanism of action, which was approved by the U.S.
Food and Drug Administration (FDA) in September 2013 for the
treatment of MDD, is timely.”® Vortioxetine is a selective sero-
tonin reuptake inhibitor (SSRI) that binds to the presynaptic
serotonin reuptake site, increasing the level of serotonin (5-HT)
in the neuronal synapse and selectively binding to a variety of
other serotonin receptors. It selectively binds to and acts as an
antagonist of 5-HT;, 5-HT,;,, and 5-HT;, receptors; as a partial ag-
onist to 5-HT,; receptors; and as an agonist of 5-HT), receptors.'¢
The efficacy, safety and tolerability of vortioxetine have been in-
vestigated in a number of short-term (6-12 wk), randomized,
double-blind, placebo-controlled clinical trials (RCTs), including
a trial involving elderly patients, and other longer RCTs, includ-
ing an international relapse-prevention RCT of up to 64 weeks
in duration and a 52-week open-label extension study.

Systematic reviews and meta-analyses, especially of newly
approved drugs, are important as they can overcome the lim-
itations of small sample sizes, increase the generalizability of
results by including many trials conducted in various popu-
lations, increase the statistical power for group comparisons,
investigate potential publication biases, and quantify and
analyze inconsistencies in results across clinical studies.’”"

To synthesize the available trial evidence, we performed a
meta-analysis of short-term RCTs of vortioxetine in patients
with MDD. We aimed to identify the properties of vortiox-
etine by assessing its efficacy, discontinuation rate and side
effects with respect to the treatment of MDD.

Methods

Sources of data

We repeatedly searched PubMed, Embase, Medline,
PsycINFO, Cumulative Index to Nursing and Allied Health
Literature (CINAHL), Web of Science and the Cochrane Cen-
tral Register of Controlled Trials from January to April 2014
using only 1 key term: “vortioxetine (Lu AA21004).” We also
searched ClinicalTrials.gov because it includes the results of
both publicly and privately supported clinical studies of hu-
man participants conducted worldwide. Reference lists from
identified articles and reviews were manually searched to find
additional studies. Two of us (S.M.W. and S.J.L.) independ-
ently reviewed the abstracts identified from the literature
search; potentially eligible papers were then re-evaluated by
2 other authors (C.H. and C.U.P.) to determine whether they
clearly met the selection criteria. If a disagreement occurred,
the article in question was discussed and a consensus was
reached by the second set of review authors.

Inclusion criteria
Clinical trials testing the efficacy of vortioxetine for the short-

term treatment (6-12 wk) of MDD were eligible for inclusion.
Included studies had to be RCTs comparing vortioxetine

with placebo and/or another antidepressant. Patients needed
to meet the criteria for MDD used in the individual trials. We
considered trials that recruited patients for evaluation of
other outcomes if they also met the aforementioned criteria
for MDD and included data for outcomes of MDD. Studies
were excluded if the main outcome was prevention of relapse
or if treatment outcomes based on rating scales of MDD were
not available. There were no requirements or restrictions re-
garding the severity of MDD, sex, age, number of partici-
pants, study location or inpatient versus outpatient treat-
ment. No restrictions regarding the pharmaceutical form or
dose regimen (fixed v. flexible) were applied.

Data extraction

We collected data on participant characteristics, treatment de-
tails, study procedures, efficacy measures, dropout rates and
AEs. These data included, for example, age, sex, severity/
treatment outcomes of depression (based on primary and
secondary end points), type of comparator (active v. placebo),
dose, study location (United States, multiple locations, or out-
side the United States), publication status and outpatient ver-
sus inpatient treatment.

Outcome data related to the characteristics of the individ-
ual trial and the reported results were extracted for each trial.
For instance, the mean changes or reported numbers for the
primary and secondary end points were extracted from the
individual study when appropriate. In addition, the quality
of the RCT was also assessed as recommended by the
Cochrane Review. Data extraction was initially performed by
C.U.P. and then reassessed independently by C.H.

Efficacy measures

The primary efficacy measures were the mean change from
baseline in total scores on the 24-item Hamilton Rating Scale for
Depression (HAM-D) and the Montgomery—Asberg Depres-
sion Rating Scale (MADRS), as defined by the individual study.
The secondary efficacy measures were the response and remis-
sion rates, as defined by a 50% or greater reduction from base-
line in HAM-D/MADRS total scores and a score of 10 or less in
the MADRS total score or 7 or less in the HAM-D total score at
the end of treatment, as indicated by the individual study.*?

Safety and tolerability measures
Data on the number of dropouts (for any reason), lack of effi-
cacy and incidence of AEs were included in the analysis.

Data synthesis and statistical analysis

In terms of continuous measures, data on the mean change
from baseline to end point, the standard deviation (SD) or
standard error, and the number of patients were extracted
for the primary and secondary efficacy measures. In terms
of dichotomous measures, data on the number of patients
treated, the number of patients rated as having responded
and remitted, and the number of patients leaving the study
early were collected for the secondary efficacy measures
and safety/tolerability evaluation, respectively.
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The effect sizes for continuous data related to the primary
and secondary efficacy measures used in each study are pre-
sented as the standardized mean difference (SMD) using
Hedges g with 95% confidence intervals (CIs), because this sta-
tistical tool allowed us to combine the scores from different
rating scales. Cohen classification can be used to evaluate the
magnitude of the overall effect size, where an SMD of 0.2 is a
small effect size, an SMD of 0.5 is a medium effect size, and an
SMD greater than 0.8 is a large effect size. The SMD was calcu-
lated using the following equation: (end point mean efficacy
score — baseline efficacy score) + pooled SD of each treatment
group. We used odds ratios (ORs) to assess binary outcomes,
such as response and remission rates, including dropout rates.

We performed separate analyses for each comparison of
placebo and/or antidepressants with vortioxetine. Studies
that evaluated more than 1 dose of vortioxetine were com-
bined to form a composite measure to reduce multiple com-
parisons with a common placebo control arm, as recom-
mended by Cochrane review.?

Intent-to-treat (ITT) with a last-observation-carried-forward
(LOCEF) analysis was performed to evaluate efficacy among all
randomized patients who received at least 1 study medication
and 1 postbaseline assessment. With regard to missing data, we
tried to contact the author of each study to acquire additional
data. Safety analysis was based on the all-patients-treated set.

Fixed- and random-effects models were applied to the
analyses of primary and secondary measures when appropri-
ate. When the P index reflected significant heterogeneity be-
tween the study results (I > 50% and p < 0.05), we used a
random-effects model to evaluate the primary and secondary
end points. The random-effects model grants more balance
than does the fixed-effects model, because it allows for sam-
pling variability with and between studies, and smaller
studies are weighted more, whereas larger studies are
weighted less. In general, a random-effects model is used to
combine subgroups and yield the overall effect. All data ex-
tracted from the individual studies included in the present
meta-analysis were entered into Comprehensive Meta-
analysis version 2.0 software for the final analysis.

Heterogeneity analysis, sensitivity analysis
and meta-regression
Heterogeneity among studies was assessed using the I* statis-
tic. This measure evaluates how much of the variance among
studies can be attributed to the actual differences among the
studies rather than to chance. A magnitude of considerable
heterogeneity is usually I* = 75%-100%. We considered an I
value higher than 50% and a p < 0.05 to indicate heterogeneity.

We conducted sensitivity analyses to test the robustness of
the impact of a single study on the overall results. If we
found statistical heterogeneity, then sensitivity analyses (by
eliminating 1 study at a time) were performed to explore the
possible reasons for this heterogeneity. These included judg-
ments regarding whether a single study had a significant im-
pact on the overall estimate.

A meta-regression was also performed to assess the influ-
ence of the following moderators on the overall estimate:
duration of treatment (< 6 wk v. > 6-12 wk), type of treat-

ment (outpatient v. inpatient/unclear), publication status
(published v. unpublished), study location (United States
only v. outside the United States/mixed location), primary
end point (HAM-D v. MADRS), MADRAS cut-off point at
baseline (= 30 v. 22-26), type of comparator (serotonin—
norepinephrine reuptake inhibitors [SNRIs] v. agomelatine),
and the doses of vortioxetine under investigation (high doses
[e.g., 15 and 20 mg/d] v. other doses); these were included
as independent parameters influencing the primary and
secondary end points.

Risk of bias

Two authors (C.U.P. and C.H.) independently assessed the
risk of bias in individual studies, and any disagreements were
resolved by consensus. According to recommendations from
the Cochrane Review, the risk of bias associated with sequence
generation, allocation concealment, the blinding of participants
and investigators, the blinding of outcome assessments, in-
complete outcome data, selective outcome reporting and other
sources were evaluated using specific and detailed criteria (see
the Appendix, Table S1, available at jpn.ca). In addition, we as-
sessed the quality of the RCTs using the Jadad score (Table 1),*
which assesses RCTs based on randomization, blindness and
attrition. A score of 3 or higher indicates high quality, whereas
a score lower than 3 indicates low quality.

Publication bias

Visual inspection of funnel plots and the Egger test were used to
evaluate publication bias. These methods were adopted because
the Egger linear regression method quantifies the bias captured
by a funnel plot using the actual values and precision of the ef-
fect sizes, whereas the Begg and Mazumdar test uses ranks.

Results
Description of included studies

Of the 244 records identified by the search of the databases,
150 were excluded as they were irrelevant to our meta-
analysis. The remaining 47 studies were retrieved for more
detailed evaluation (Fig. 1).

Seven studies,*® including 1 RCT with an elderly popu-
lation,® met the inclusion criteria. In addition, of the 35 rec-
ords obtained from ClinicalTrials.gov, 5 short-term RCTs*-%
on MDD were not duplicates of those identified by the afore-
mentioned search and met our inclusion criteria (Fig. 1).
Therefore, a total of 12 short-term RCTs were included in the
present meta-analysis. Of these, 7 were published, = 4 were
presented in abstract form at scientific meetings,*%% and
1 was a clinical study report.®*

The major characteristics of these 12 studies are presented
in Table 1. Studies were multicentred and conducted
throughout the world. All study comparisons included 100
or more patients per treatment arm, and the duration of
follow-up ranged from 6 to 12 weeks. The diagnosis of pri-
mary MDD was made according to DSM-IV-TR criteria.
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Studies had slightly different inclusion criteria with regard
to the severity of MDD based on MADRS total scores (i.e.,
total scores of 22, 26, and 30 were used; Table 1). Patients
with treatment-resistant depression or who had diagnoses
of other potentially confounding comorbid psychiatric con-
ditions or clinically important comorbid physical conditions
were generally excluded.

Vortioxetine was tested at doses of 1, 2.5, 5, 10, 15 and
20 mg/d, administered once daily. Of these 12 RCTs, 6 in-
cluded an active control for assay sensitivity as well as a pla-
cebo arm, either venlafaxine extended-release 225 mg/d* or
duloxetine 60 mg/d.»?#3032 Another RCT* directly com-
pared vortioxetine (10-20 mg/d) with agomelatine (25—
50 mg/d), without a placebo arm. Five RCTs compared vor-
tioxetine with a placebo.?”?31%3¢ Five RCTs included low
doses of vortioxetine (1, 2.5 and 5 mg/d) in the treatment
arm,??#30% whereas 6 included higher doses of vortioxetine
(15 and 20 mg/d) in the treatment arm.?631-%

All studies included a preponderance of female partici-
pants, with proportions ranging from 54.7% to 77.1%. All
participants included in each treatment arm were considered
moderately/severely ill at baseline, with mean HAM-D or
MADRS total scores ranging from 28.5 to 34.1. All studies
were financially supported by the manufacturer.

Eleven pairwise comparisons with a placebo and 7 com-
parisons with other antidepressants were performed in the
12 RCTs included in our meta-analysis.

Risk of bias

Table 2 compares the risk of bias of individual studies (see
the Appendix, Fig. S1, for the overall risk of bias of the in-
cluded studies). The risk of bias was considered low or un-
clear in all studies based on evaluations of all domains, and
no study presented a high risk of bias in all domains. Overall,
all included studies were of good methodological quality.

Table 1: Summary of currently available short-term randomized, double-blind, placebo-controlled clinical trials of vortioxetine for the treatment of

patients with major depressive disorder* (part 1 of 2)

Baseline
Jadad Sex, %  Duration, No. HAM-D/ Baseline Study Primary Entry
Study; drug, mg/d score Mean age, yr female wk treated MADRS score CGI-S score location end point Scoret
Alvarez et al.* 4 6 Europe/ MADRS >30
Asia
PBO 42.0 65.7 105 33927 51+0.7
VTX, 5 43.8 64.8 108 34.1+26 52+0.7
VTX, 10 423 66.0 100 34.0+28 51+0.7
VFX, 225 45.0 54.9 113 34.2 + 31 52+0.7
Henigsberg et al.?” 4 8 Europe/ HAM-D >26
Asia/Africa
PBO 46.4 61.4 140 32.7+4.4 48+0.8
VTX, 1 45.4 66.4 140 325 +5.1 4.8+0.7
VTX, 5 47.3 62.1 140 321+5.0 47 +0.7
VTX, 10 46.4 60.7 139 33.1+4.8 49+0.8
Baldwin et al.?® 5 8 Europe/ MADRS >26
Asia
PBO 43.4 69.6 148 29.8 +5.1 48+0.7
VTX, 2.5 46.0 71.0 155 29.6 £5.8 48+0.7
VTX, 5 447 66.2 157 31.3+5.8 48+0.7
VTX, 10 45.2 68.1 151 304 +54 48+0.7
DLX, 60 45.3 67.7 155 299+538 4.7 +0.7
Katona et al.*f 4 8 USA/ HAM-D >26
Europe/
Asia
PBO 70.3 62.1 145 29.4+51 4.7 +0.7
VTX, 5 70.5 68.6 156 29.2+5.0 4.8+0.7
DLX, 60 70.9 66.2 151 28.5+4.9 4.7+0.8
Mahableshwarkar 5 8 USA HAM-D§ >22
etal.?®
PBO 42.6 60.8 153 29.5 + 6.1 45+0.6
VTX, 2.5 42.6 64.1 153 29.8+5.4 46+0.6
VTX, 5 431 69.3 153 29.8+45 46+0.7
DLX, 60 42.7 59.9 152 29.4+4.4 45+0.7
Jain et al.?® 5 6 USA HAM-D§ >30
PBO 42.4 54.7 298 322+55 48+0.7
VTX, 5 425 62.0 299 32.7+54 48 +0.7
Table continued on next page.
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Efficacy
Vortioxetine versus placebo

Primary end point overall efficacy

Eleven studies provided an ITT sample of 4947 patients for
the primary analysis (vortioxetine, n = 3276 v. placebo, n =
1671). The results of the meta-analysis regarding the pri-
mary end point are presented as a forest plot (Fig. 2). Vor-
tioxetine was significantly more effective than placebo, with
an SMD of -0.217 (95% CI -0.313 to -0.122).

Sensitivity analysis, heterogeneity and publication bias:
The heterogeneity among studies was significant according
to the SMD (I? = 59.8%). The pooled SMDs were repeatedly
calculated and analyzed with the omission of 1 study at a
time to perform a sensitivity analysis; the results of this an-
alysis were consistent, indicating that no single study

strongly affected them. The Egger test on the SMDs indi-
cated a statistically marginal difference (p = 0.06).

Meta-regression: We found significant differences among the
pooled SMDs according to 1 moderator, as the study location
significantly influenced the results (Z = 2.665, p = 0.007) (outside
the United States/mixed location > United States only). How-
ever, when we performed a subanalysis of the studies con-
ducted in the United States, the SMD between vortioxetine and
placebo treatment reflected a significant difference in favour of
vortioxetine (—0.120, 95% CI -0.208 to —0.032).

Secondary end point overall efficacy
The ORs for votioxetine for response and remission were 1.652
(95% CI 1.321-2.067) and 1.399 (95% CI 1.104-1.773), respect-
ively (Figs. 3 and 4).

Sensitivity analysis, heterogeneity and publication bias:
Heterogeneity was found in the secondary end point analysis

Table 1: Summary of currently available short-term randomized, double-blind, placebo-controlled clinical trials of vortioxetine for the treatment of

patients with major depressive disorder* (part 2 of 2)

Baseline
Jadad Sex, %  Duration, No. HAM-D/ Baseline Study Primary Entry

Study; drug, mg/d score  Mean age, yr female wk treated MADRS score CGI-S score location end point Scoret
Boulenger et al.?® 4 8 Europe MADRS >26

PBO 48.1 69.6 158 31.5+3.6 49+0.7

VTX, 15 47.0 64.2 151 31.8+3.4 49+0.6

VTX, 20 46.2 60.3 151 31.2+34 48=+0.7

DLX, 60 45.6 69.4 147 31.2+3.5 48=+0.7
Mahableshwarkar 4 8 USA MADRS >26
etal.®?

PBO 42.4 72.0 161 31.6+4.18 4.6+0.6

VTX, 15 431 70.7 147 31.9 +4.08 45+0.6

VTX, 20 42.8 74.0 154 32.0 +4.36 45+0.6

DLX, 60 43.4 78.3 152 32.9+4.39 45+0.6
Jacobsen et al.?' 4 8 USA MADRS >26

PBO 42.3 70.1 157 32.0+4.0 45+0.6

VTX10 431 76.1 155 32.3+45 45+0.6

VTX20 43.1 71.3 150 324 +43 45+05
Mahableshwarkar 4 8 USA MADRS >26
etal.®

PBO 46.2 67.5 160 33.4+45 47 +0.6

VTX10 452 72.0 154 34.1+4.1 47 +0.6

VTX15 43.8 711 151 33.7+45 46+0.6
NCT01255787% 4 8 Europe/ MADRS >26

Asia

PBO 43.6 59.9 152 31.6 +3.6 4.7+07

VTX, 5 44.2 68.1 144 31.6 +3.7 4.7+07

VTX, 10 45.7 62.0 148 31.8+4.0 47+07

VTX, 20 44.0 62.0 150 31.7+3.7 4707
Dragheim et al.®® 4 12 Europe MADRS >22

VTX, 10-20 47.0 774 253 29.1+4.4 44+0.6

AGO, 25-50 45.6 72.3 242 28.7+4.0 44+0.6

AGO = agomelatine; CGI-S = Clinical Global Impression — Severity scale; DLX = duloxetine; HAM-D = Hamilton Rating Scale for Depression; MADRS = Montgomery—Asberg

Depression Rating Scale; PBO = placebo; VTX =vortioxetine.

*Based on randomized set or all-patients-treated set.

1By MADRS total score.

FElderly population.

§Remission criteria by 50% reduction in MADRS total score at the end point.
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for response (I = 70.1%) and remission (I = 65.4%) rates. The
pooled ORs for response and remission rates were repeatedly
calculated and analyzed with the omission of 1 study at a time
to perform a sensitivity analysis; these results did not change,
indicating that no single study strongly impacted them. The
Egger test showed significant differences for response and re-
mission rates (p = 0.016 and p = 0.003, respectively).
Meta-regression: In terms of the ORs for the response (Z =
—4.291, p < 0.001) and remission (Z = —2.887, p = 0.004) rates,
we found a significant effect for study location that favoured
studies outside the United States/mixed location over those
performed only in the United States. When we performed a

subanalysis of the studies conducted only in the United
States, the OR for response still favoured vortioxetine over
placebo treatment (1.215, 95% CI 1.021-1.447), whereas the
ORs for remission with vortioxetine versus placebo no longer
differed significantly (1.078, 95% CI 0.885-1.313).

Vortioxetine versus other antidepressants (SNRIs and
agomelatine)

Primary end point overall efficacy
Seven studies provided an ITT sample of 2843 patients for
the primary analysis (vortioxetine, n = 1847, v. other

PubMed, n =44

CINAHL, n =11

Total of 244 articles were identified
Embase, n = 134

Psychinfo, n = 11
Web of Science, n =35

Cochrane Central Register of
Controlled Trials, n =9

v

150 articles were irrelevant or
duplicates and thus excluded

v

trial

short-term, RCTs.

47 full-text articles were reviewed
* 1 article: 12 week relapse prevention

o 5 articles: GAD trial

e 2 articles: open-label, long-term
trialWeb of Science, n = 35

¢ 32 articles: basic or imaging research
such as PK or review papers

Therefore, 40 articles were excluded.

A total of 7 articles were finally selected

for the meta-analysis since they were

12 short-term RCTs were
selected

identified

safety

effects

the meta-analysis

Clinicaltrialgov.com: 35 clinical trials
e 22 clinical trials for MDD efficacy and

e 7 RCTs were identical with those
identified from Pubmed full-text articles

e 5 RCTs: not identical short-term RCTs

10 trials investigating long-term
effect/cognition/relapse prevention

e 8 clinical trials investigating PK, sexual
dysfunction, cognition, interaction and
cognition effects of vortioxetine for
patients or healthy controls

e 5 clinical trials: GAD

A total of 5 clinical trials were included in

Fig. 1: Studies selected for inclusion in the present meta-analysis. CINAHL = Cumulative Index to Nursing and Allied
Health Literature; GAD = generalized anxiety disorder; MDD = major depressive disorder; PK = pharmacokinetic;
RCT = randomized, double-blind, placebo-controlled clinical trial.
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antidepressants, n = 996), and the SMD (0.081, 95% CI
-0.062 to 0.223) for the comparison indicated no significant
difference between the treatment groups (Fig. 5).

Sensitivity analysis, heterogeneity and publication bias: In
terms of heterogeneity, the SMDs differed significantly among
studies (I> = 69.6%). The pooled SMDs were repeatedly
calculated and analyzed with the omission of 1 study at a time
to perform a sensitivity analysis, and 1 study (NCT01488071)
by Dragheim and Nielsen,® that compared vortioxetine with
agomelatine was found to significantly change the results
(0.144, 95% CI 0.059-0.229, p = 0.001). The Egger test showed

no significant SMD differences among studies (p = 0.37).

Table 2: Risk of bias in individual studies included in the meta-analysis

Meta-regression: We found significant differences among
the SMDs according to publication status and type of compar-
ators favouring comparators over vortioxetine (Z = -2.673,
p = 0.008, and Z = -3.987, p < 0.001, respectively). When we
reanalyzed the studies excluding the one by Dragheim and
Nielsen (NCT01488071), the moderator effects on the SMD
disappeared, and comparators (SNRIs) were superior to vor-
tioxetine (See the Appendix, Fig. S2).

Secondary end point overall efficacy
Seven studies provided an ITT sample of 2843 patients for
the primary analysis (vortioxetine, n = 1847, v. other

Blinding of
participants,
personnel Selective
Sequence Allocation and outcome Incomplete outcome Other sources
Study generation concealment assessors outcome data reporting of bias
Alvarez et al.* + + + ? + +
Henigsberg et al.?” + + ? ? ? ?
Baldwin et al.?® + + + + + ?
Katona et al.*° + + + ? ? ?
Mahableshwarkar et al.?® + + + ? + ?
Jain et al.® + + ? + + +
Boulenger et al.?® + + + ? + +
Mahableshwarkar et al.2 + + + ? + ?
Jacobsen et al.?' + + + ? + ?
Mahableshwarkar et al.® + + + ? + ?
NCT01255787% + + + ? + ?
Dragheim et al.® + + + ? + ?
+ = clear; ? = unclear, based on Cochrane systematic review values.
Lower Upper
Study SMD SEM Variance limit limit Zvalue p value SMD and 95% Cl
Alvarez et al.2* -0.441 0121 0.015 -0.678-0.204 -3.646 0.000 —i—
Henigsberg et al.2” -0.321 0.098 0.010 -0.514-0.129 -3.266 0.001 ——
Baldwin et al.25 —-0.095 0.095 0.009 -0.282 0.091 -1.002 0.316
Katona et al.3° -0.372 0.117 0.014 -0.600-0.143 -3.185 0.001 —i—
Mahableshwarkar et al.2? —0.097 0.100 0.010 -0.293 0.100 -0.963 0.336
Jain et al.28 —0.063 0.083 0.007 -0.226 0.100 -0.758 0.449
Boulenger et al.?6 —0.495 0.100 0.010 -0.691-0.300 -4.970 0.000 ——
Mahableshwarkar et al.32 -0.182 0.111 0.012 -0.399 0.035 -1.645 0.100
Jacobsen et al.3! -0.253 0.106 0.011 -0.461-0.044 -2.372 0.018
Mahableshwarkar et al.33 -0.046 0.110 0.012 -0.262 0.170 -0.418 0.676
NCT0125578734 —-0.092 0.095 0.009 -0.277 0.094 -0.970 0.332
-0.217 0.049 0.002 -0.313-0.122 -4.462 0.000 <o
~1.00 050 0.00 0,50 1.00
Favours vortioxetine Favours placebo

Fig. 2: Meta-analysis of the mean changes from baseline in the primary end point between vortioxetine and placebo. Cl = confidence interval;
SEM = standard error of the mean; SMD = standardized mean difference.
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antidepressants, n = 996). Compared with SNRIs/agomelatine,
the ORs for response (0.815, 95% CI 0.585-1.135) and remission
(0.843, 95% CI 0.575-1.238) rates did not differ significantly be-
tween the 2 treatment groups (Figs. 6 and 7).

Sensitivity analysis, heterogeneity and publication bias:
The heterogeneity among studies was significant in terms of
the ORs for response (I = 77.8%) and remission (I* = 83.5%)
rates. The ORs for response and remission rates were repeat-
edly calculated and analyzed with the omission of 1 study at
a time to perform a sensitivity analysis, and the study by
Dragheim and Nielsen (NCT01488071) was found to signifi-
cantly change the results (OR 0.706, 95% CI 0.595-0.838, p <
0.001, and OR 0.734, 95% CI 0.543-0.991, p = 0.043, respect-
ively). The Egger test showed no significant differences
among studies in the ORs of the response and remission rates
(p =0.19 and p = 0.05, respectively).

Meta-regression: The moderators of study location (Z = -2.22,
p = 0.026), publication status (Z = 2.693, p = 0.007) and type of
comparator (Z = 4.544, p < 0.001) had a significant impact on the
ORs for response rate, whereas publication status (Z = 4.750, p <
0.001) and type of comparator (Z = 4.615, p < 0.001) had a signifi-
cant effect on the OR for remission rate. When we reanalyzed
the studies excluding the one by Dragheim and Nielsen
(NCT01488071), the significance of the effects of all moderators
on the ORs for response and remission rates disappeared; com-
parators (SNRIs) were superior to vortioxetine regarding re-
sponse and remission rates (see the Appendix, Figs. S3 and S4).

When we performed a subanalysis of the studies by publi-
cation status, comparators (SNRIs) were superior to vortiox-
etine with respect to the response (OR 0.719, 95% CI 0.595-
0.869) and remission (OR 0.672, 95% CI 0.495-0.912) rates
reported by published studies, whereas no significant differ-
ences in this regard were found in unpublished studies
(SNRI/agomelatine). When we performed a subanalysis
based on study location, comparators (SNRIs) were superior
to vortioxetine regarding response rates (OR 0.776, 95% CI

0.377-1.599) in studies conducted only in the United States,
whereas this difference was not found in studies conducted
outside the United States/mixed location. When we per-
formed a subanalysis of the studies by comparators (SNRIs
or agomelatine), the comparators (SNRIs) were superior to
vortioxetine (see the Appendix, Figs. S3 and S4), whereas
vortioxetine was superior to agomelatine with regard to re-
sponse and remission rates (OR 1.818, 95% CI 1.256-2.633,
and OR 1.890, 95% CI 1.321-2.705, respectively).

Safety and tolerability

Data on overall discontinuation were available for 11 com-
parisons involving placebo (vortioxetine, n = 3519, placebo,
n =1738) and 7 comparisons involving comparators (vortiox-
etine, n = 1996, comparators, n = 1115).

No significant difference was observed between the vortiox-
etine and placebo groups regarding the likelihood of discon-
tinuation for any reason (OR 1.057, 95% CI 0.840-1.331),
whereas the discontinuation rate due to AEs was significantly
higher in the vortioxetine group than in the placebo group (OR
1.530, 95% CI 1.144-2.047; see the Appendix, Fig. S5), and the
discontinuation rate owing to lack of efficacy was significantly
lower in the vortioxetine group than in the placebo group (OR
0.541, 95% CI 0.308-0.950, see the Appendix, Fig. S6). The main
effects of discontinuation owing to AEs derived from 2 studies
by Mahableshwarkar and colleagues® (NCT01153009) and
Jacobsen and colleagues™ (NCT01163266); when these studies
were excluded, the difference between the vortioxetine and
placebo groups disappeared.

We found no significant differences between vortioxetine
and comparators in the rates of discontinuation for any rea-
son or for lack of efficacy (OR 0.915, 95% CI 0.753-1.113, and
OR 0.983, 95% CI 0.585-1.650, respectively), whereas the dis-
continuation rate owing to AEs was significantly lower in the
vortioxetine group than in the comparator group (OR 0.728,
95% CI 0.554-0.957; see the Appendix, Fig. S7).

Lower  Upper

Study OR limit limit
Alvarez et al.2* 2.466 1.526  3.985
Henigsberg et al.2” 2792 1.813  4.300
Baldwin et al.25 1.330 0.915 1.933
Katona et al.3® 2.099 1.318 3.342
Mahableshwarkar et al.?® 1.372 0.906 2.076
Jain et al.?® 1.003 0.723  1.391
Boulenger et al.26 3.061 2.041 4591
Mahableshwarkar et al.32 1.227 0.824  1.827
Jacobsen et al.®! 1.445  0.949 2201
Mahableshwarkar et al.33 1.227 0.808 1.862
NCT0125578734 1.644 1.127  2.398
1.652 1.321 2.067

Zvalue p value

3.685
4.660
1.494
3.124
1.495
0.019
5.410
1.005
1.717
0.960
2.582
4.392

OR and 95% ClI
0.000 +
0.000 —.—
0.135
0.002 +
0.135
0.985
0.000 —.—
0.315
0.086
0.337
0.010 —.—
0.000 <
OI.1 OI.2 0.I5 I1 é I5 1I0
Favours placebo Favours vortioxetine

Fig. 3: Meta-analysis of the response rate between vortioxetine and placebo. Cl = confidence interval; OR = odds ratio.

J Psychiatry Neurosci 2015;40(3)

181



Pae et al.

Discussion

The present meta-analysis demonstrated the superior effi-
cacy of vortioxetine compared with placebo for the treat-
ment of MDD in terms of mean changes in HAM-D or
MADRS total scores compared with baseline (-SMD =
0.217) and in response (OR 1.652) and remission (OR 1.399)
rates. Regarding acceptability, discontinuation owing to
lack of efficacy was significantly more common in the group
receiving placebo than in the group receiving vortioxetine,
whereas the rate of discontinuation owing to AEs was sig-
nificantly higher in the vortioxetine group than in the pla-
cebo group. The efficacy of vortioxetine was also similar to
that of comparators, such as SNRIs/agomelatine, whereas
the acceptability of vortioxetine was superior to that of com-
parators in terms of rates of discontinuation owing to AEs.
In terms of overall efficacy, vortioxetine performed better
than placebo, and its performance was equal to that of other
antidepressants, with little likelihood of important differ-
ences in efficacy measures.

It is questionable whether the overall SMD of -0.22 be-
tween the vortioxetine and placebo groups is sufficiently
large to translate into clinical significance. These data meet
the small-to-medium effect size criteria proposed by Cohen
(0.2 = small, 0.5 = medium, 0.8 = large). The SMD of —0.34 be-
tween SSRIs and placebo on the HAM-D was considered sta-
tistically significant by the National Institute for Health and
Clinical Evidence (NICE); however, it is doubtful that this ef-
fect size is clinically important.** Among patients with severe
depression, the SMD of 0.61 clearly separates SSRIs from pla-
cebo, and this can be considered a clinically important reduc-
tion in depressive symptoms, as measured by the HAM-D;
however, this result is difficult to achieve with antidepressant
treatment for MDD.*?7 According to the previous meta-
analyses of agomelatine, which was also recently approved
for the treatment of MDD, the SMDs were 0.18-0.26%%; these
results are similar to those of the present meta-analysis.

The SMD of —0.217 achieved in the present meta-analysis
corresponds approximately to a —2.0 point mean difference in
total MADRS scores between drug and placebo groups. In

Lower  Upper

Study OR limit limit 4
Alvarez et al.24 2.574 1.537  4.309
Henigsberg et al.2” 2299  1.302 4.060
Baldwin et al.25 1.051 0.709 1.5659
Katona et al.3° 1.725 1.006 2.958
Mahableshwarkar et al.?° 0.976 0.608  1.569
Jain et al.?® 0.866  0.608 1.234
Boulenger et al.?6 2.470 1.557 3.920
Mahableshwarkar et al.?21.103  0.709  1.716
Jacobsen et al.31 1.691 0.998 2.864
Mahableshwarkar et al.331.188  0.743  1.901
NCT0125578734 1.086 0.715 1.648
1.399 1.104 1.773

value

3.595
2.870
0.250
1.982

-0.099
-0.797

3.838
0.435
1.952
0.719
0.387
2.783

OR and 95% Cl

+
+

p value

0.000
0.004
0.803
0.047
0.922
0.425
0.000
0.663
0.051
0.472
0.698
0.005

<&

T T T T T 1
0.2 0.5 1 2 5 10
Favours placebo Favours vortioxetine

r
0.1

Fig. 4: Meta-analysis of the remission rate between vortioxetine and placebo. Cl = confidence interval; OR = odds ratio.

Lower Upper

Study SMD SEM Variance limit limit Z value p value SMD and 95% Cl
Alvarez et al.24 0.045 0.117 0.014 -0.184 0.275 0.388 0.698
Baldwin et al.2s 0.032 0.094 0.009 -0.153 0.217 0.337 0.736
Katona et al. 0 0.228 0.116 0.013 0.001 0.455 1.973 0.049 —il—
Mahableshwarkar et al.2 0.167 0.100 0.010 -0.030 0.364 1.661 0.097
Boulenger et al.28 0.252 0.101 0.010 0.054 0.451 2.492 0.013 ——
Mahableshwarkar et al.3 0.154 0.115 0.013 -0.071 0.379 1.340 0.180
Dragheim et al.% -0.304 0.104 0.011 -0.507 -0.101 —2.931 0.003 ——

0.081 0.073 0.005 -0.062 0.223 1.107 0.268

100 050 0.00 0.50 1.00

Favours vortioxetine Favours comparators

Fig. 5: Meta-analysis of the mean changes from baseline in the primary end point between vortioxetine and comparators. Cl = confidence in-
terval; SEM = standard error of the mean; SMD = standardized mean difference.
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fact, debate persists about the definition of a minimal clin-
ically important difference (MCID) in drug-placebo compari-
sons in RCTs evaluating antidepressants for the treatment of
MDD. According to Duru and Fantino,*’ a drug—placebo
MCID between antidepressants may yield an MADRS differ-
ence of 2 points or a response-rate difference of 10% (cor-
responding with a number-needed-to-treat [NNT] of 10).
This finding has been supported by previous research.*!
Based on this proposal regarding the MCID, the efficacy of
vortioxetine may meet the marginal standard criterion for an
antidepressant to be considered effective for treating MDD.
The ORs for response and remission rates in comparison
with placebo were approximately 1.7 and 1.4, respectively, in
the present meta-analysis; these results are consistent with
those of other RCTs of antidepressants.*> The NNTs for the
response and remission rates for vortioxetine versus placebo
were 8.8 (95% CI 7.1-11.7) and 18.3 (95% CI 12.6-34.1), re-
spectively. In fact, the drug-placebo differences in the RCTs
of antidepressants for the treatment of MDD have been de-
creasing dramatically for several decades; these results have
been accompanied by the selectively increasing clinical im-
provement associated with placebo treatment.*

With regard to comparative efficacy, vortioxetine was equal
to SNRIs/agomelatine in general. The NNTs for response and
remission rates for comparators versus vortioxetine were 16
(95% CI 10.3-41.3) and 22 (95% CI 12.2-108.5), respectively.
However, when we excluded the comparative study involving
agomelatine, vortioxetine was not as efficacious as SNRIs in
terms of all efficacy measures, indicating a possible differential
efficacy between vortioxetine and SNRIs. However, only
1 study involving venlafaxine and 5 involving duloxetine were
compared in the present meta-analysis. In addition, the SMD
between vortioxetine and duloxetine was only 0.160 (95% CI
0.068-0.251), which is unlikely to reflect a clinically meaningful
difference; similarly, this difference was not significant in com-
parison with venlafaxine alone. Furthermore, when we ex-
cluded the study involving duloxetine by Boulenger and
colleagues,® the SMD decreased further, to 0.135 (95% CI
0.032-0.238). Although this criterion has not yet been firmly es-
tablished, the MADRS scores for a particular antidepressant
would need to be 2 points higher than that of a comparator to
be considered superior.* However, the SMDs of 0.135 and 0.16
reflect a difference in MADRS scores that is considerably lower
than 2 points. Interestingly, vortioxetine clearly showed its

Lower  Upper
Study OR limit limit Zvalue p value OR and 95% Cl
Alvarez et al.?* 1.027 0.636 1.660 0.110 0.912
Baldwin et al.?5 0.884 0.609 1.284 -0.647 0.518
Katona et al.3 0.661 0.417 1.049 -1.758 0.079
Mahableshwarkar et al.220.626 ~ 0.421  0.931 -2.316  0.021 —-
Boulenger et al.? 0513 0.332 0794 -3.000 0.003 -
Mahableshwarkar et al.3? 0.653 0.438 0.974 -2.092 0.036
Dragheim et al.® 1.818 1.256 2.633 3.165  0.002 e =
0.815 0.585 1.135 -1.212 0.225
01 02 05 1 > 5 10
Favours vortioxetine Favours comparators

Fig. 6: Meta-analysis of the response rate in the secondary end point between vortioxetine and comparators. Cl = confidence interval; OR = odds ratio.

Lower  Upper

Study OR limit limit  Zvalue p value OR and 95% Cl
Alvarez et al.2* 0.923 0.583 1.462 -0.340 0.734
Baldwin et al.25 1.001 0.680 1.475 0.006 0.996
Katona et al.3° 0.576 0.362 0918 -2.322 0.020 _-_
Mahableshwarkar et al?20.534  0.345 0.825 -2.823 0.005 —-
Boulenger et al.26 0478 0320 0714 -3.605 0.000 —-
NCTO01153009%2 1.116 0.750 1.661 0.541 0.589
NCT0148807135 1.890 1.321 2.705 3.483 0.000 —.—

0.843 0.575 1.238 -0.870 0.384

04 02 05 1 2 5 10
Favours vortioxetine Favours comparators

Fig. 7: Meta-analysis of the remission rate in the secondary end point between vortioxetine and comparators. Cl = confidence interval; OR = odds ratio.
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superiority over agomelatine in all efficacy measures when
6 other RCTs were excluded (SMD -0.304, 95% CI -0.507 to
-0.101); vortioxetine was directly compared with agomelatine,
whereas SNRIs were not directly compared but served as ac-
tive controls. One ground-breaking meta-analysis including
117 RCTs of antidepressants (1 = 25 928) conducted between
1991 and 2007 by Cipriani and colleagues® found that poten-
tial differences in both efficacy and acceptability may exist be-
tween commonly prescribed antidepressants; in particular,
these differences favoured escitalopram and sertraline. How-
ever, these results have not been replicated consistently. Some
meta-analyses have reported the superiority of a particular an-
tidepressant, whereas other studies have reported opposite or
different results. For instance, the meta-analysis performed by
Kennedy and colleagues* involving 16 RCTs (n = 4549) found
that escitalopram was significantly superior to SSRIs and
SNRIs, such as duloxetine and venlafaxine; however, these re-
sults have not been supported by other meta-analyses.*##
Likewise, a recent meta-analysis comparing agomelatine with
SSRIs* reported different results than previous meta-
analyses.®®® It is important to remember that the findings of
meta-analyses depend on many factors, such as the availability
of RCTs of individual antidepressant at the time of the meta-
analysis, the criteria for study inclusion and the power of the
meta-analyses to detect differences.”” Differences in study in-
clusion criteria, such as the duration of trials or the noninclu-
sion of trials with treatment-resistant patients, may account for
differences in findings. Inclusion of unpublished data ensures
a larger, more comprehensive sample, but there is no certain
way to ensure that all unpublished data are included,” and
this substantially affects the results of meta-analyses, as clearly
seen in studies of agomelatine.'’*** Hence, it is premature to
conclude that vortioxetine may not be equal to SNRIs but may
be more efficacious than agomelatine based on data from cur-
rently available studies. A sufficient number of trials that in-
clude adequately powered, direct comparisons of vortioxetine
with other antidepressants are required to ultimately address
its comparative efficacy.

One intriguing finding of the present meta-analysis is that
study location significantly influenced treatment effects, favour-
ing studies conducted outside the United States over those con-
ducted in only the United States. Likewise, among 5 RCTs con-
ducted in the United States exclusively, 2 failed to show the
superiority of vortioxetine over placebo. According to efficacy
data from 81 RCTs (1 = 21 611) submitted to the U.S. FDA,* the
American trials had higher success rates than those conducted
outside the United States (58% v. 33%), which is the opposite of
the results of the present meta-analysis. According to that study,
baseline disease severity was a more important contributor to
study outcome than study duration, dosing regimen, sample
size or time and location of the study. Indeed, there were no
substantial differences between studies conducted outside the
United States and those conducted in the United States exclu-
sively regarding the baseline parameters. Hence, the reasons for
the differences between our findings and those reported by pre-
vious studies remain elusive. Possible explanations may involve
differences in the location of participants (onsite recruitment v.
recruitment via advertisement), disease characteristics (neurotic

v. melancholic, more psychological v. more physical symp-
toms), diagnostic criteria (inflated baseline symptoms v. rigor-
ous entry criteria), rater qualifications (training) or clinical care
patterns. Therefore, international multicentre trials should de-
vote more attention to the design and conduct of RCTs, includ-
ing the patient population, diagnostic criteria, patient assess-
ments and clinical practices used.”

The likelihood of early dropouts owing to AEs was signifi-
cantly higher in the vortioxetine than in the placebo group,
but significantly higher in the comparator than in the vortiox-
etine group. However, there were no robust differences be-
tween each dose of vortioxetine and placebo at the level of in-
dividual studies. Nausea, vomiting, diarrhea and dry mouth
were the most common AEs reported, with an incidence that
was significantly higher in the vortioxetine than in the pla-
cebo group. Nausea was the single most common AE re-
ported as a reason for discontinuation of vortioxetine, and its
frequency showed a trend toward a dose-response relation-
ship. The majority of such AEs were mild to moderate in in-
tensity and were not dose-dependent. The number needed to
harm (NNH) for the rates of discontinuing vortioxetine ver-
sus placebo for all causes owing to AEs and to lack of efficacy
were 28 056 (95% CI —48 to 46), 47 (95% CI 30.0-113), and -54
(95% CI 33.8-117.3), respectively. The NNHs for discontinu-
ing vortioxetine versus comparators due to all causes, AEs,
and lack of efficacy of were 107 (95% CI -53 to 26), -51 (95%
CI -2410 to 24), and 749 (95% CI -82 to 91), respectively.

Limitations

Despite the major strength of this analysis, its inclusion of all
published and unpublished short-term RCT data regarding
the use of vortioxetine to treat MDD available from major
contemporary databases, the present study also has numer-
ous limitations, as is the case for many other previous meta-
analyses. First, we included only short-term RCTs; the dura-
tion of most of the trials was less than 12 weeks, which is an
important limitation because patients with MDD typically re-
quire long-term pharmacological treatment. According to a
relapse-prevention study,” vortioxetine was effective in pre-
venting the relapse of MDD and was well tolerated; 13% of
patients receiving vortioxetine relapsed, whereas 26% of
those receiving placebo relapsed. In addition, vortioxetine
was also effective and tolerable as maintenance treatment ac-
cording to 2 long-term studies.’>>® Hence, future meta-
analyses should include long-term RCTs when available.
Second, we combined all doses of vortioxetine, which may
have resulted in heterogeneity in the evaluation of effect sizes.
However, our analysis at the level of individual studies did not
yield consistent results showing clear and robust dose-response
relationships between outcome and dose, as the 2 doses used
were invariably nearly identical, and the data revealed no clear
pattern of the superior effectiveness of 1 dose. Nonetheless, it is
interesting to note that 2 RCTs*'*? found significant differences
in the primary end point with a dose of 20 mg/d but not with
10 mg/d or 15 mg/d of vortioxetine compared with placebo.
When we excluded all failed RCTs*?%%% and all studies®* that
failed to show greater symptom reduction according to dose,
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the SMD changed from -0.217 to -0.322 (95% CI -0.423 to
-0.220), increasing by 48.4%, indicating a potential dose—
response relationship in vortioxetine treatment.?*¥?%2 Hence,
conclusions about the dose-related efficacy of vortioxetine must
wait until more definite and consistent results are available.

Third, a relatively high level of heterogeneity was found.
There was considerable difference among the individual
studies with regard to the observed SMDs in the mean
change in the total scores on the primary end points, indi-
cating that hidden clinical heterogeneity may have existed
among the studies owing to unidentified variations in study
and population characteristics. Finally, although the use of
effect sizes to compare treatments is generally considered to
be superior to the use of qualitative comparisons among
studies, this method also has inherent pitfalls.

Finally, vortioxetine was found to be more effective than
placebo for reducing depressive symptoms, although the mag-
nitude of this difference was relatively small. This weak anti-
depressant effect has been consistently reported in the relevant
research.” Despite the existence of a number of possible rea-
sons for a weak antidepressant effect, such as a high placebo
response rate, we should also consider the potential effect of
clinical and biological heterogeneity of MDD, which was ob-
served in the present meta-analysis. Currently available evi-
dence suggests that MDD involves abnormalities in different
neurotransmitter systems, such as serotonin, norepinephrine,
dopamine, y-aminobutyric acid (GABA), and glutamate, as
well as in neurotrophic factors (e.g., brain-derived neuro-
trophic factor [BDNF])."*** In addition, clinical heterogeneity is
probably linked to different biological aberrations, such as the
stress response systems modulated by the hypothalamic-
pituitary-adrenal (HPA) axis (e.g., hyperactivation and hypo-
activation of the HPA axis in melancholic and atypical depres-
sion, respectively)® and altered immune system functioning
(e.g., proinflammatory cytokines).*% Furthermore, clinical het-
erogeneity has also been reflected in a corresponding variety
in the relative resting regional brain activity in MDD.

Conclusion

We found that vortioxetine may be another treatment option
for MDD. However, our results should be interpreted and
translated into clinical practice with caution owing to the lim-
ited number, small effect sizes of and substantial heterogen-
eity of the clinical trials included in present the meta-analysis.
Adequately powered, well-designed, direct-comparison clin-
ical trials should also more clearly address the comparative ef-
ficacy of vortioxetine and different antidepressants.
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