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ABSTRACT

Objective: To conduct a meta-analysis of studies of vortioxetine in adults with
major depressive disorder (MDD).

Data Sources: Abstracts were identified using PubMed by cross-referencing
vortioxetine with placebo and randomized. No language or publication year
restrictions were used.

Study Selection: Randomized, double-blind, placebo-controlled clinical trials
comparing oral vortioxetine monotherapy with placebo for acute treatment of
MDD.

Data Extraction: Data were extracted with a pre-coded form, as follows:
number of patients randomized, treatment group, Montgomery-Asberg
Depression Rating Scale (MADRS) response and remission rates, and mean
change in scores from baseline and standard errors for the MADRS, Hamilton
Anxiety Rating Scale (HARS), and Digit Symbol Substitution Test (DSST).

Results: 7,269 subjects randomized to vortioxetine (n=3,630) or placebo
(n=3,639) from 17 studies were included. The probability of receiving placebo
did not predict difference in change in MADRS scores between vortioxetine
and placebo (estimate=4.1, P=.54). The standardized mean difference (SMD)
(95% Cl) for change in MADRS score for vortioxetine overall versus placebo was
0.33(0.24 t0 0.41) and was 0.24 (0.08 to 0.39), 0.33 (0.19 to 0.47), 0.26 (—0.06

t0 0.58), and 0.44 (0.27 to 0.62) for 5-mg, 10-mg, 15-mg, and 20-mg doses,
respectively. Greater difference in efficacy between drug and placebo was
observed in studies with a low rather than a high placebo response rate.

Conclusions: Vortioxetine is more effective than placebo in improving
depression, anxiety, and cognition. Less informative or uninformative studies
obscured the true treatment effect.
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Major depressive disorder (MDD) is one

of the most common and deleterious
illnesses to affect humankind, posing several
unique challenges to clinicians and patients
alike.!~? Vortioxetine was approved by the US Food
and Drug Administration (FDA) for treatment of
MDD in 2013.1 It differs from commonly used
serotonin reuptake inhibitor antidepressants in
its multimodal mechanism of action as it is a
serotonin (5-HT) reuptake inhibitor, a 5-HT 5
receptor agonist, a 5-HTp partial agonist, and a
5-HT;, 5-HTp, and 5-HT} receptor antagonist.'!
In clinical trials to date, vortioxetine has been
shown to improve symptoms of depression!* !4
along with performance on objective measures
of cognition.!>18
When making treatment choices, it is critically
important that clinicians and patients have a clear
understanding of the extent (across symptoms)
and degree of efficacy of each available treatment.
Previous meta-analyses of vortioxetine have
focused on symptomatic improvements'®~?” or
changes in cognitive function (such as those
measured by the Digit Symbol Substitution Test
[DSST])'® and involved pooling all available data
existing at the time. These prior meta-analyses
yielded evidence of efficacy for vortioxetine in
depression. The purpose of the present work was
to build upon previous analyses to include newer
studies, but also to broaden and deepen our
understanding of the efficacy of this compound
across symptoms and according to individual
study performance. To do so, we compiled all
data from randomized, placebo-controlled trials
of vortioxetine in MDD and applied 3 key lessons
learned from our previous work: (1) that different
starting doses can have differential efficacy,?®
(2) that the probability of being randomized
to placebo can influence the drug effect size,”
and (3) that a greater degree of improvement
over time in the placebo group is related to a
smaller difference in efficacy between drug
and placebo.’® The scope of our investigation
included the Montgomery-Asberg Depression
Rating Scale (MADRS),*! Hamilton Anxiety
Rating Scale (HARS),*? and the DSST.?*
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Clinical Points

B Previous meta-analyses have shown vortioxetine to be
efficacious in treating depressive symptoms, but have
offered limited information on the differential effects of
different doses.

B Vortioxetine is effective in treating depression, anxiety, and
cognitive symptoms.

B Placebo responders may have led previous studies to
underestimate the efficacy of vortioxetine.

METHODS

Data Sources and Search Strategy

Studies were first identified using searches of PubMed
on April 23, 2020. Searches were conducted by cross-
referencing the term vortioxetine with the terms placebo and
randomized. No language or year-of-publication restrictions
were used. At the time of submission, we have not identified
any further studies meeting our inclusion criteria published
since the date of our initial search.

Study Selection

We selected randomized, double-blind, placebo-
controlled clinical trials comparing oral vortioxetine
monotherapy with placebo for the acute treatment of MDD.
We then selected studies that also met all of the following
inclusion criteria:

1. Studies that used the MADRS?!
2. Studies that exclusively focused on patients with
MDD.

Reports were excluded if they exclusively focused on the
treatment of patients with remitted or partially remitted
MDD, bipolar disorder, dysthymic disorder, psychotic
MDD, minor depressive disorder, or seasonal affective
disorder or of depressed patients with a specific medical
condition or active alcohol or substance abuse disorders.
Reports not describing original data (ie, containing data
published elsewhere) and those that were not focused on
the acute phase of treatment (ie, continuation, maintenance,
relapse prevention) were excluded.

Data Extraction

Data were extracted with the use of a pre-coded form.
The following data were extracted from trials included
in the study: the number of patients randomized to each
treatment arm, treatment group (vortioxetine dose versus
placebo), MADRS response rates, MADRS remission
rates, and mean change in scores from baseline and their
corresponding standard errors for the MADRS, the HARS,
and the DSST.

Data were extracted by one of the authors and checked for
accuracy by the others, and any discrepancies were resolved
in a joint meeting when compiling the final dataset. Missing

data were obtained either by the study report posted on
ClinicalTrials.gov or by directly contacting the sponsor.
For clinical relevance, our analysis focused only on FDA
recommended dose levels of vortioxetine (5-20 mg).

Quantitative Data Synthesis

Random-effects meta-analysis was utilized to estimate
continuous (change in symptom score over time) and
dichotomous (response and remission rates) effect sizes
between treatment groups (vortioxetine and placebo).
Two separate meta-regressions were utilized to investigate
the correlation between either (1) the change in MADRS
scores in the placebo group or (2) the probability of
receiving placebo in the study (independent variable) with
the difference in MADRS mean change between the two
treatment groups (dependent variable). We then calculated
the (study-level) median change in MADRS scores for
patients receiving placebo among all studies. We repeated
all analyses and limited them to the subset of studies with
a change in MADRS score over time in patients receiving
placebo who demonstrated a mean change that was below
the group median for all studies. All analyses utilized the
meta package of meta-analytic tools as implemented in
Stata 15 (StataCorp LLC; College Station, Texas).

RESULTS

Ninety-seven abstracts were identified with the use of
PubMed. Of these, 75 were excluded because they did not
describe eligible studies (open-label studies, reviews, meta-
analyses, post hoc analyses, studies of healthy subjects, or
studies of other disorders). Two focused on the adjunctive
use of vortioxetine in MDD and were thus excluded.’*3>
Two were excluded because they focused on the use of
vortioxetine in remitters or near-remitters with MDD.3%%”
One was excluded because the focus was on maintenance
and not on acute therapy for MDD with vortioxetine.*® The
remaining 17 studies were found eligible and included in
the analysis.!?"141639-51 A PRISMA flow diagram of this
information is shown in Figure 1.

These trials and some of their characteristics are
outlined in Table 1. All identified studies used the MADRS
as an outcome measure. All data points were available
for all trials and were pooled. In summary, the pooled
dataset involved a total of 7,269 subjects randomized to
vortioxetine (n=3,630) or placebo (n=3,639). The median
MADRS score change in the placebo group was —12.37.
The first meta-regression conducted did not identify the
probability of receiving placebo to predict the difference
in change in MADRS scores between vortioxetine and
placebo (estimate=4.1, P=.54). The second meta-
regression did identify the degree of change in MADRS
scores in the placebo group to predict the difference
in change in MADRS scores between vortioxetine and
placebo (estimate=-0.066, P=.002). The SMD (95% CI)
for change in MADRS score versus placebo was 0.33 (0.24
to 0.41) overall and was 0.24 (0.08 to 0.39), 0.33 (0.19 to
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Figure 1. PRISMA Flow Diagram
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Table 1. Studies Pooled and Their Characteristics

MADRS

mean change,  Probability,
References MADRS HDRS HARS DSST 5mg 10mg 15mg 20mg placebo placebo
Baldwin et al, 20123° X X X N N -148 0.2
Mahableshwarkar et al, 20134 X X X N -14.8 0.2
Jain et al, 2013% X X X N -11.22 0.25
Henigsberg et al, 20124 X X X P P -15.48 0.5
Katona et al, 2012%3 X X X X p -10.91 0.25
Alvarez et al, 20124 X X X P P -11.2 0.333
Boulenger et al, 20142 X X p p -11.7 0.25
Mahableshwarkar et al, 20154 X N p -12.83 0.25
Jacobsen et al, 20153 X X N p -10.77 0.333
Mahableshwarkar et al, 2015 X N N -12.87 0.333
Nishimura et al, 2018% X N N N -13.99 0.25
Inoue et al, 20184 X X N N -13.81 0.333
Baune et al, 2018% X X p -8 0.333
Mclntyre et al, 2014% X X P P -10.85 0333
Mahableshwarkar et al, 2016°° X X p -123 0.333
Liebowitz et al, 2017°" X X P -99 0.5
Inoue et al, 20206 X X X p p -12.37 0.333

Abbreviations: DSST = Digit Substitution Test, HARS =Hamilton Anxiety Rating Scale, HDRS =Hamilton Depression Rating Scale,
MADRS = Montgomery-Asberg Depression Rating Scale, N=no statistically significantly greater MADRS reduction for vortioxetine than
for placebo,* P=statistically significantly greater MADRS reduction for vortioxetine than for placebo.*

*Hierarchical testing ignored.
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Table 2. Meta-Analysis Results

Heterogeneity No. of drug-placebo

Comparison Estimate? 95% Cl Pvalue Pvalue i Q comparators
Vortioxetine vs placebo
MADRS change, all doses 0.33 0.24t0 041 <.0001 <.0001 0.041 NA 29
MADRS response, all doses, RR 1.37 1.28t01.48 <.0001 .001 NA 56.185 29
MADRS remission, all doses, RR 1.37 1.25t01.51 <.0001 .025 NA 44.4,09 29
HARS change, all doses 0.26 0.15t00.37 <.0001 <.0001 0.0274 NA 13
DSST change, all doses 0.21 0.02t0 0.4 .025 <.0001 0.0489 NA 7
Vortioxetine vs placebo MADRS change
Vortioxetine 5 mg 0.24 0.08 t0 0.39 .002 <.0001 0.036 NA 8
Vortioxetine 10 mg 0.33 0.19t00.47 <.0001 .001 0.0335 NA 10
Vortioxetine 15 mg 0.26 —0.06 t0 0.58 118 .005 0.0684 NA 3
Vortioxetine 20 mg 0.44 0.271t00.62 <.0001 <.0001 0.045 NA 8
Studies with placebo change below 12.37 points
MADRS change, all doses 0.48 0.33t00.62 <.0001 <.0001 0.046 NA 12
MADRS response, all doses, RR 1.59 14t0 1.8 <.0001 .05 NA 19.703 12
MADRS remission, all doses, RR 1.63 143t01.86 <.0001 44 NA 10.991 12
MADRS change, vortioxetine, 5 mg only 0.32 0.008 to 0.63 044 .004 0.0625 NA 3
MADRS change, vortioxetine, 10 mg only 0.51 0.30t00.72 <.0001 .053 0.0277 NA 4
MADRS change, vortioxetine, 15 mg only NA NA NA NA NA NA 0
MADRS change, vortioxetine, 20 mg only 0.56 0.32t00.80 <.0001 .002 0.0531 NA 5
HARS change, all doses 0.28 0.10to 0.45 .002 .001 0.0418 NA 7
DSST change, all doses 0.34 0.19t0 049 <.0001 .09 0.0146 NA 5

Values are shown as SMD unless otherwise noted in the Comparison column.

Abbreviations: DSST = Digit Substitution Test, HAMA =Hamilton Anxiety Rating Scale, MADRS = Montgomery-Asberg Depression Rating Scale, NA=not
applicable, RR=risk ratio, SEM =standard error of the mean, SMD = standardized mean difference.

Figure 2. MADRS Score Change Difference for Vortioxetine Versus Placebo?

M Allstudies

0.6
0.48*

Standardized Effect Size

All

5mg

M Studies with MADRS placebo change below median

0.56*
0.51*

10 mg 15 mg

20 mg

@Positive numbers in favor of vortioxetine:

All studies: P<.0001 for all doses pooled, 10 mg only, 20 mg only; P<.01 for 5 mg only.

Below placebo median studies: P<.0001 for all doses, 10 mg only, 20 mg only; P<.05 for 5 mg only.
*P <.05, random effects meta-analysis for drug vs placebo.
Abbreviation: MADRS = Montgomery-Asberg Depression Rating Scale

0.47), 0.26 (—0.06 to 0.58), and 0.44 (0.27 to 0.62) for 5-mg,
10-mg, 15-mg, and 20-mg doses, respectively (see Table 2).
In studies that had a change in MARDS score in the placebo
group that was below the median (-12.37), there was
greater improvement with vortioxetine versus placebo (see
Table 2 and Figure 2). Among all studies, the standardized
effect size for vortioxetine over placebo was 0.26 for the
HARS (P<.0001) and 0.21 for the DSST (P<.05); among
studies with a change in MADRS score for placebo below
the median, the corresponding effect sizes were 0.28 for the
HARS (P<.01) and 0.34 for the DSST (P<.0001). Response
and remission rates were higher with vortioxetine versus
placebo, especially in studies in which change in MADRS
score for the placebo group was below the median (see
Figure 3).

DISCUSSION

The present work is the most comprehensive published to
date focusing on the efficacy of vortioxetine as monotherapy
for MDD. When all randomized, double-blind, placebo-
controlled trials are analyzed together, the effect size based on
differences in MADRS scores (expressed as the standardized
mean difference in change in MADRS scores over time
between the two treatment groups) is, approximately, 0.33
which is equivalent to that for venlafaxine®” and duloxetine,*
two commonly used antidepressants. Statistically significant
efficacy is also demonstrated on MADRS response rates,
MADRS remission rates, anxiolytic effect as expressed by
the HARS, and effect on global-executive functioning as
expressed by the DSST, albeit with comparably smaller
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Figure 3. MADRS Categorical Outcomes®
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@Positive numbers in favor of vortioxetine:

All studies: P<.0001: MADRS response and remission vs placebo.
Below placebo median studies: P<.0001: MADRS response and remission vs placebo.

*P <.05, random effects meta-analysis for drug vs placebo.

Abbreviations: MADRS = Montgomery-Asberg Depression Rating Scale, NNT=number needed to treat.

effect sizes than for the MADRS for the two latter measures.
Important lessons, however, emerge when the efficacy of
vortioxetine is examined taking into account certain key
variables.

First, similar to the selective serotonin reuptake inhibitor
antidepressants,?® vortioxetine exhibits a linear starting
dose—effect size relationship, with effect sizes increasing
from 0.24 for the 5-mg dose to 0.33 for the 10-mg and
0.44 for the 20-mg dose. The 15-mg dose appears to be an
exception to the rule. However, it is worth pointing out that
only 3 drug-placebo comparisons exist for the 15-mg dose,
which may account for the difference in effect size. Clearly,
therefore, greater efficacy can be expected with the 20-mg
starting dose than with the others. Clinicians may want to
consider a more rapid titration to 20-mg daily when treating
more severe cases of depression.

Second, when we examine efficacy in the overall data
set as a function of degree of improvement in the placebo
group, the all-too-familiar relationship emerges in which
greater improvement on placebo is associated with a lower
drug-versus-placebo difference in efficacy.’*>* Examining
the subset of studies with a MADRS score reduction below
the median for this group of studies, the standardized effect
size for vortioxetine versus placebo on the MADRS is nearly
0.5, which is quite impressive for an oral antidepressant.
Similarly, the efficacy of the 20-mg starting dose for this
subgroup of studies is 0.56, while that for the DSST is 0.34.
In addition, the number needed to treat for response is 5
for subjects enrolled in studies below the median change
in MADRS score for the placebo group. Clearly, as with
most other treatments developed in the field, marginally
informative or uninformative studies have masked the
true effect size of this compound for MDD. Steps should
be taken to minimize the risk of uninformative studies,
including managing expectation bias**>> and ensuring
proper quality assurance and independent subject vetting
for eligibility.® Strategies that utilize careful clinical and

biological assessments to identify placebo responders with
high accuracy are needed®’ given that the current practice
of an extensive set of eligibility criteria has restricted the
generalizability of study findings.”® These steps will reduce
the probability of uninformative studies without excluding
valid MDD patient populations from studies.

Several limitations should be taken into account when
interpreting our findings. First, even though we have made
every effort to identify any unpublished completed studies,
it is impossible to be certain that such studies do not exist.
These, if identified and pooled with our data, may somewhat
alter the results, although to a limited degree given the size
of the existing dataset. Second, the vast majority of data
pertain to the use of vortioxetine for subjects between the
ages of 18 and 65 years. Hence, it is difficult to try and
extrapolate our findings to underrepresented subjects
such as the elderly, and it is extremely speculative to try to
extend these findings to subjects typically excluded from
such studies including children, adolescents, pregnant or
breastfeeding women, and subjects with greater severity of
suicidality.® Finally, although half of studies pooled included
the HARS, just as many did not, thus limiting the power
of the meta-analysis with respect to the HARS. In addition,
there was also no minimum severity requirement on this
scale for subject enrollment across studies, further limiting
the drug-placebo effect size. As a result, while confirming the
efficacy of vortioxetine in anxious symptoms associated with
MDD, our analysis is not ideally suited to better estimate the
effect size of the same. Future analyses should focus on the
subpopulation of patients with anxious depression as defined
by Fava et al.%
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