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Aim: Anhedonia in major depressive disorder may be resistant to first-line antidepressants. We examined the effect of vortioxetine, a
multimodal antidepressant, on anhedonia-like symptoms in Japanese patients with major depressive disorder.

Methods: This was a post hoc analysis of an 8-week, randomized, double-blind, placebo-controlled, phase 3 study of vortioxetine (10
mg or 20 mg) in Japanese patients aged 20—75 years with recurrent major depressive disorder and a Montgomery—Asberg Depression
Rating Scale (MADRS) total score of at least 26. The primary outcome was the mean change from baseline to week 8 in anhedonia-
like symptoms as measured by MADRS anhedonia factor score, composed of: Q1, apparent sadness; Q2, reported sadness; QO,
concentration; Q7, lassitude; and QS, inability to feel. Mean change in MADRS total score and anhedonia factor score were compared
among treatment groups, with data categorized by median baseline anhedonia factor score (0—17 or >18).

Results: Data were available for 489 patients. The least-squares mean difference in MADRS anhedonia factor score change from
baseline to week 8 versus placebo was —1.34 for vortioxetine 10 mg (P = 0.0300) and —1.77 for vortioxetine 20 mg (P = 0.0044). The
least-squares mean difference between vortioxetine and placebo in MADRS total score change from baseline to week 8 was —3.11 (10
mg dose) and —3.37 (20 mg dose) for patients with a higher baseline anhedonia factor score (>18), and —2.08 (10 mg) and —2.61 (20
mg) for patients with a lower baseline score (0—17).

Conclusion: This post hoc analysis suggests that vortioxetine may have therapeutic potential in patients with anhedonia-like
symptoms of major depressive disorder. ClinicalTrials.gov identifier for primary study: NCT02389816.
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Introduction

The symptoms of major depressive disorder (MDD) are heterogeneous; nine symptom categories are defined as criteria
for a diagnosis of MDD according to the Diagnostic and Statistical Manual of Mental Disorders, fifth edition (DSM-5).!
Of these symptoms, the reduced ability to feel pleasure (anhedonia) is a core symptom of depression and a key diagnostic
criterion for an MDD episode.” * Anhedonia is a particularly difficult symptom to treat; increasing evidence suggests that
current first-line treatment options (eg, selective serotonin reuptake inhibitors [SSRIs]) do not adequately address
motivational and reward-processing deficits in depression.” One study found that anhedonia was the only unique negative
predictor of time to remission with an SSRI and the number of depression-free days over a 24-week period, which
suggests that anhedonia may be a marker of depression severity and could prolong time to remission.® Consequently,
anhedonia may be an important treatment target. Owing to lower expectations of efficacy with current antidepressants,
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transcranial magnetic stimulation and electroconvulsive therapy have also been investigated for the treatment of
anhedonia.”® Although statistically or clinically significant improvements in anhedonia have been demonstrated with
neuromodulatory interventions,”® effective pharmacotherapy is still desired for anhedonia.’

Reward processing comprises three distinct neuropsychological components (essentially “learning”, “liking”, and
“wanting”), each of which involve specific neurobiological mechanisms related to various brain regions including the
mesolimbic pathway and prefrontal cortex.'” Dopaminergic neurons play a central role in the brain’s reward system by
triggering the sensation of pleasure following the achievement of goals.'' Ascending noradrenergic neurons at the locus
coeruleus are also thought to be involved in the brain’s reward system.'*'* Neuroimaging and pharmacological studies
generally support the hypothesis that anhedonia is the result of dysfunctional reward processing, primarily due to an
altered dopaminergic pathway.”'"'* Noradrenergic pathways, as well as serotonergic, opioid, and glutaminergic path-
ways, may also play a role in the development of anhedonia in MDD.”!?

Vortioxetine is a multimodal antidepressant that inhibits serotonin reuptake in the synaptic cleft, leading to increased
synaptic serotonin (the traditional target of SSRIs).'® Vortioxetine also acts on specific serotonin receptors, modulating
the release of serotonin, which, in turn, is involved in the downstream release of neurotransmitters such as glutamate,
dopamine, norepinephrine, acetylcholine, and histamine.'”'° Preclinical studies have revealed that norepinephrine and
dopamine, in addition to serotonin, are increased in the brain of vortioxetine-treated rats.”’ Vortioxetine was approved for
the treatment of MDD in Japan following the results of a phase 3 clinical trial of vortioxetine in Japanese patients with
MDD that assessed the change from baseline in Montgomery—Asberg Depression Rating (MADRS) total score after 8
weeks. In the trial, both vortioxetine 10 mg and 20 mg doses significantly reduced MADRS total score compared with
placebo at the end of week 8. Both doses were also generally well tolerated.”!

The robustness of data collected from the phase 3 trial was the basis for several post hoc analyses, including that
discussed here. In other analyses, the authors investigated the therapeutic potential of vortioxetine for anxious depression
and early improvement with vortioxetine as a predictor of response and remission in Japanese patients, the results of
which have been published in this journal.****

Herein, we describe a post hoc analysis investigating the therapeutic potential of vortioxetine for anhedonia-like
symptoms of MDD, as assessed by change in MADRS anhedonia factor score from baseline. To our knowledge, this is
the first of such studies in an Asian population. An exploratory analysis was also performed to examine the potential of
vortioxetine for the treatment of MDD that is largely characterized by anhedonia-like symptoms. Our hypothesis was that
both doses of vortioxetine will significantly reduce anhedonia compared with placebo in patients with MDD of an Asian
population.

Patients and Methods
Study Design
This was a post hoc analysis of CCT-004, a multicenter, randomized, double-blind, placebo-controlled, parallel-group,
phase 3 trial investigating the safety and efficacy of vortioxetine in Japanese patients with MDD (ClinicalTrials.gov
identifier: NCT02389816).?' The trial was conducted from April 10, 2015 to March 16, 2018. Eligible patients completed
a 1-3-week screening period and a single-blind 1-week placebo run-in period to minimize the placebo response. Patients
were then randomly assigned (1:1:1) to receive vortioxetine 10 mg, vortioxetine 20 mg, or placebo once daily for 8
weeks during a double-blind treatment period. Two vortioxetine doses were investigated because both 10 mg and 20 mg
demonstrated nominally significant improvements in MADRS total score and response rate, and acceptable tolerability,
in the secondary analysis of a randomized, placebo-controlled, multinational, 8-week, phase 2/3 trial of vortioxetine that
included Japanese participants with MDD.**

After the treatment period, study drugs were subsequently withdrawn, at which point patients entered a 4-week safety
follow-up period for the analysis of outcomes of adverse events. All patients provided written informed consent before
study entry. Investigations were conducted in accordance with the Declaration of Helsinki and the International Council

on Harmonisation tripartite guideline on Good Clinical Practice.”> The clinical study protocol, the investigator’s
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brochure, a sample informed consent form, and other study-related documents were reviewed and approved by the local
or central Institutional Review Boards of all study sites (Supplemental Information S1).

Patients

Data for patients who comprised the full analysis set in the primary study were included in this post hoc analysis; these
were patients who received at least one dose of study treatment during the 8-week, double-blind, randomized treatment
period. Full inclusion, exclusion, and study entry criteria have been described previously.”' Briefly, patients were adults
aged 20—75 years and had a primary diagnosis of recurrent MDD according to the DSM, fourth edition (DSM-IV) text
revision (TR) criteria for 296.3x, corresponding to F33 in ICD-10,%° with the current major depressive episode having
lasted 3—12 months (inclusive) at the time of enrollment for clear diagnostic certainty and exclusion of possible
concurrent mental disorders. Patients were required to have a MADRS total score >26 from screening to study drug
initiation, to include patients with moderate or severe MDD. Patients were excluded if they had previously not responded
to two or more antidepressants prescribed for at least 6 weeks, or if they tested positive in a urine drug-screening test.
Patients who were diagnosed with any psychiatric disorder as defined by the DSM-IV-TR and patients who had any
substance-induced mood disorder (excluding nicotine- and caffeine-related disorders) were also excluded.

Efficacy Outcomes

The primary outcome of this analysis was change in anhedonia-like symptoms, as measured by the baseline to week 8
change in MADRS anhedonia factor score, composed of the following items, measured at each visit: Q1, apparent
sadness; Q2, reported sadness; Q6, concentration; Q7, lassitude; and QS, inability to feel.?”* Mean changes from
baseline to week 8 in MADRS anhedonia factor score and total score were compared among treatment groups, with
patient data categorized by median baseline anhedonia factor score (0—17 or >18). Other key outcomes from the primary
study (week 8 MADRS response and remission) were analyzed by anhedonia subgroup. MADRS response was defined
as patients having experienced at least a 50% decrease in the MADRS total score from baseline. Remission was defined
as patients having experienced a decrease in MADRS total score to 10 or lower from baseline.

Statistical Analyses

Baseline demographics are summarized descriptively. Changes from baseline in the MADRS anhedonia factor score after
8 weeks (last observation carried forward [LOCF]) were analyzed using an analysis of covariance (ANCOVA) model,
with treatment as a fixed effect and the baseline MADRS anhedonia factor score as a covariate. Least-squares (LS) means
and two-sided 95% confidence intervals (CIs) were provided for each treatment group. Differences in the LS means
between each vortioxetine group and the placebo group (each vortioxetine group — placebo group) with two-sided 95%
ClIs were calculated.

Changes from baseline in the MADRS anhedonia factor score after 8 weeks (LOCF) were further analyzed using a
model including the median MADRS anhedonia factor score at baseline (dichotomous categorization by median score at
baseline; 0—17 or >18) and its interaction with treatment. A similar analysis was performed for the change from baseline
in the MADRS total score after 8 weeks (LOCF). MADRS response and remission rates at week 8 (LOCF) and the two-
sided 95% Cls were calculated by treatment group in patients with a median MADRS anhedonia factor score of 0-17 or
>18 at baseline.

Results

Patients
Patient demographics and baseline characteristics, including disease severity (MADRS score), were well balanced among
treatment groups in the primary study and have been described previously.!

Of the 493 patients randomly assigned to treatment, four patients were excluded from the analysis because they
received no study drug after randomization, or owing to duplicate enrollment, as described previously.?' There were 489
patients included in this post hoc analysis: 161 of these patients received placebo, 165 received vortioxetine 10 mg, and
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163 received vortioxetine 20 mg. Mean MADRS total score and anhedonia factor score at baseline were similar among
treatment groups (Table 1).

Study Assessments

Compared with placebo, the LS mean change in MADRS anhedonia factor score from baseline to the end of week 8 was
significantly larger with vortioxetine 10 mg (LS mean difference —1.34; P=0.0300) and vortioxetine 20 mg (LS mean
difference —1.77; P=0.0044; Figure 1). An approximately 30% larger effect size was observed for patients receiving
vortioxetine 20 mg than for those receiving the 10 mg dose (—0.318 vs —0.241), which indicates a dose—response
relationship.

With respect to MADRS anhedonia factor score change from baseline to week 8, the LS mean difference (95% CI) versus
placebo was —1.69 (—3.29, —0.09) with vortioxetine 10 mg and —1.94 (—3.58, —0.30) with vortioxetine 20 mg for patients with
an anhedonia factor score of at least 18 at baseline; the LS mean difference (95% CI) versus placebo was —0.66 (—2.54, 1.22)
with vortioxetine 10 mg and —1.40 (—3.24, 0.44) with vortioxetine 20 mg for patients with a lower baseline anhedonia factor
score (0—17; Figure 2). A similar trend was observed for the change in MADRS total score from baseline to week 8 (Figure 3).
The LS mean difference (95% CI) versus placebo in MADRS total score change was —3.11 (—5.70, —0.52) with vortioxetine 10
mg and —3.37 (—6.01, —0.72) with vortioxetine 20 mg for patients with a higher anhedonia factor score at baseline; for patients
with a lower baseline score, the LS mean difference (95% CI) versus placebo was —2.08 (—5.12, 0.96) with vortioxetine 10 mg
and —2.61 (=5.57, 0.36) with vortioxetine 20 mg.

For patients with a MADRS anhedonia factor score of at least 18 at baseline, MADRS response rates (95% CI) were
32.2% (22.6%, 43.1%), 47.1% (37.1%, 57.2%), and 49.5% (38.9%, 60.0%) and MADRS remission rates (95% CI) were
16.1% (9.1%, 25.5%), 30.4% (21.7%, 40.3%), and 28.0% (19.1%, 38.2%) for placebo, vortioxetine 10 mg, and
vortioxetine 20 mg, respectively, at week 8 (Figure 4). For patients with a lower baseline anhedonia factor score (0—
17), week 8 response rates (95% CI) were 41.9% (30.5%, 53.9%), 49.2% (36.4%, 62.1%), and 52.2% (39.8%, 64.4%)
and remission rates (95% CI) were 27.0% (17.4%, 38.6%), 34.9% (23.3%, 48.0%), and 34.8% (23.7%, 47.2%) for
placebo, vortioxetine 10 mg, and vortioxetine 20 mg, respectively (Figure 4).

Discussion

Anhedonia, a core symptom of depression, is hypothesized to result from dysfunctional reward processing, involving the
dopaminergic system as well as several other neurotransmitter systems and various regions of the brain.”'® Anhedonia is
generally resistant to common first-line antidepressant options (such as SSRIs and serotonin—norepinephrine reuptake
inhibitors), owing to their inadequate effect on dopamine transmission.’® Anhedonia can therefore persist in individuals
with MDD who have experienced improvement in other symptoms and may continue to affect quality of life.>!-*?
Multiple pharmacological treatment approaches for anhedonia have been investigated over the years; certain mono-

aminergic antidepressants, glutamatergic agents, psychedelics, and stimulants have all shown some degree of efficacy in

Table | Baseline Disease Characteristics

Characteristics Placebo Vortioxetine 10 mg Vortioxetine 20 mg
(n=161) (n=165) (n=163)
Mean (SD) MADRS anhedonia factor score 17.9 (2.4) 18.0 (2.5) 17.9 (2.3)
218 at baseline, n (%) 87 (54.0) 102 (61.8) 94 (57.7)
218 at baseline, mean factor score (SD) 19.7 (1.6) 19.5 (1.7) 19.4 (1.5)
0-17 at baseline, n (%) 74 (46.0) 63 (38.2) 69 (42.3)
0-17 at baseline, mean factor score (SD) 159 (1.2) 15.6 (1.2) 15.8 (1.3)
Mean (SD) MADRS total score 30.5 (3.9) 30.8 3.7) 30.6 (3.6)
Anhedonia factor score 218 at baseline, mean total score (SD) 32.8 (3.8) 323 (3.7) 324 (3.6)
Anhedonia factor score 017 at baseline, mean total score (SD) 27.9 (1.7) 283 (2.0) 282 (2.0)

Abbreviations: MADRS, Montgomery—Asberg Depression Rating Scale; SD, standard deviation.
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Figure | Change from baseline to week 8 (LOCF) in MADRS anhedonia factor score. *P<0.05, **P<0.01. Data are LS mean (SE) change in MADRS anhedonia factor score
and LS mean difference versus placebo (95% CI). MADRS anhedonia factor is derived from the sum of the following items: QI, apparent sadness; Q2, reported sadness; Q6,

concentration; Q7, lassitude; and Q8, inability to feel.
Abbreviations: Cl, confidence interval; LOCF, last observation carried forward; LS, least-squares; MADRS, Montgomery—Asberg Depression Rating Scale; SE, standard error.

improving anhedonia, although these results are preliminary.?’=**° It has also been suggested that the involvement of
indirect modulation of the dopaminergic circuit by antidepressants without dopaminergic affinity could improve
anhedonia in patients with MDD.*'** It is hypothesized that vortioxetine may have a distinct effect on anhedonia

15:.16.2043.44 4y particular, by
0

owing to the direct and indirect influence of the agent on relevant neurotransmitter systems;
stimulating an increase in extracellular dopamine levels, as demonstrated in various regions of the rodent brain.”

In this post hoc analysis of a phase 3 study investigating Japanese patients with MDD, treatment with vortioxetine 10
mg or 20 mg once daily resulted in significant reductions from baseline in MADRS anhedonia factor scores compared
with placebo at the end of the 8-week treatment period. These findings are consistent with those from a previous study
that showed a significant decrease from baseline in Snaith—Hamilton Pleasure Scale (SHAPS) and MADRS anhedonia
factor scores after 8 weeks of vortioxetine treatment,”’ and thus provide further evidence to support vortioxetine as a
potential therapeutic option for anhedonia as a core symptom of MDD. A recent pooled analysis of global data has also
shown that vortioxetine 10 mg and 20 mg resulted in greater reductions in MADRS anhedonia factor score than
placebo."

Given that the risks of anhedonia and other depressive symptoms may differ by race and ethnicity,* this post hoc
analysis provided further evidence to support the therapeutic potential of vortioxetine for Japanese patients with MDD.?'
To our knowledge, this is the first exploratory study of the therapeutic potential of vortioxetine for anhedonia-like
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Figure 2 Change from baseline to week 8 (LOCF) in MADRS anhedonia factor score categorized by median baseline anhedonia factor score (0—17 or 218). Data are LS
mean (SE) change in MADRS anhedonia factor score and LS mean difference versus placebo (95% Cl). MADRS anhedonia factor is derived from the sum of the following
items: QI, apparent sadness; Q2, reported sadness; Q6, concentration; Q7, lassitude; and Q8, inability to feel.

Abbreviations: Cl, confidence interval; LOCEF, last observation carried forward; LS, least-squares; MADRS, Montgomery—Asberg Depression Rating Scale; SE, standard error.
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Figure 3 Change from baseline to week 8 (LOCF) in MADRS total score categorized by median baseline anhedonia factor score (0—17 or 218). Data are LS mean (SE)
change in MADRS total score and LS mean difference versus placebo (95% Cl). MADRS anhedonia factor is derived from the sum of the following items: QI, apparent

sadness; Q2, reported sadness; Q6, concentration; Q7, lassitude; and QS8, inability to feel.
Abbreviations: Cl, confidence interval; LOCEF last observation carried forward; LS, least-squares; MADRS, Montgomery—Asberg Depression Rating Scale; SE, standard error.
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Figure 4 MADRS (A) response and (B) remission rates at week 8 (LOCF) categorized by median baseline anhedonia factor score (0—17 or 218). Data are rate estimates
(95% Cl). MADRS anhedonia factor is derived from the sum of the following items: QI, apparent sadness; Q2, reported sadness; Q6, concentration; Q7, lassitude; and Q8,
inability to feel. Response for anhedonia was defined as having a 250% decrease in the MADRS total score from baseline. Remission of anhedonia was defined as a decrease
in total MADRS score to <I0 from baseline.

Abbreviations: Cl, confidence interval; LOCF, last observation carried forward; LS, least-squares; MADRS, Montgomery—Asberg Depression Rating Scale.

symptoms to be conducted in an Asian population. Antidepressive efficacy was observed with vortioxetine for all tested
parameters, even in patients with more severe anhedonia at baseline (MADRS anhedonia factor score >18). These
findings are consistent with the primary study, in which vortioxetine demonstrated improvements versus placebo
regardless of depression severity, as assessed by MADRS total score at baseline.?! Furthermore, this study provides
evidence to suggest that patients with a higher baseline MADRS anhedonia factor score may experience greater
improvements with vortioxetine compared with all enrolled patients, although the threshold for clinically significant
improvement in MADRS anhedonia factor score has not yet been established. The effect size of vortioxetine on MADRS
anhedonia factor score was modest, but similar to the size of effect of vortioxetine on overall MADRS score.*® It may
follow that the improvement of MADRS anhedonia factor score seen with vortioxetine is of clinical significance, because
the improvement in overall MADRS score was deemed clinically significant and led to regulatory approval of

vortioxetine in Japan.
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Hammond and Parker et al used factor analysis and principal component analysis by drawing on data gathered from
geriatric patients with MDD to determine the core symptoms of MDD from the MADRS items; subsequently, MADRS
anhedonia factor was identified.”®*’ Because this scale was not determined through factor analysis or principal
component analysis of data from non-geriatric adult patients with MDD, neurochemical alterations in geriatric depressive
abnormalities, such as vascular depression, may have contributed to the identification of the scale; however, geriatric
patients with severe physical disability or neurologic illness were excluded from the analysis used for subscale
identification.”®*° Since then, studies have evaluated anhedonia symptoms with MADRS anhedonia factor in non-
geriatric adult patients with MDD.?’*” MADRS anhedonia factor is not designed to evaluate anhedonia specifically;
however, anhedonia-specific assessment scales such as SHAPS have not yet been adequately validated for use in clinical
trials, unlike the MADRS.*” Although MADRS anhedonia factor was not formulated to reflect anhedonia severity by
definition, there does appear to be high correlation between MADRS anhedonia factor scores and SHAPS scores, which
suggests that MADRS anhedonia factor score indicates an aspect of symptom severity of anhedonia.?’

Some limitations of this study should be acknowledged. First, this is a post hoc analysis of a study that investigated

2! gpecific evaluation of anhedonia was not an aim of the trial, and an

the efficacy of vortioxetine in relation to MDD;
investigation of the effect of baseline MADRS anhedonia factor score and its interaction with treatment was not
designated in the trial, and thus statistical significance was not examined. Second, conclusions regarding the efficacy
of vortioxetine in relation to anhedonia cannot be made based on this analysis alone because the anhedonia MADRS
subscale was not designed for the stand-alone assessment of anhedonia. Third, it is not yet clear whether improvements
in anhedonia observed with vortioxetine treatment are clinically meaningful. Fourth, although our data suggest that the
efficacy of vortioxetine is not affected by baseline anhedonia score, it remains to be clarified whether these findings can
be generalized to other antidepressants. Anhedonia appears to be largely resistant to treatment with SSRIs** and has been
shown to be a predictor of poorer outcomes.® It should be also noted that treatment response to an SSRI has previously
been negatively correlated with the severity of anhedonia at baseline.*’ Finally, bias in the interpretation of results cannot
be ruled out, because this analysis was funded by a pharmaceutical company that markets vortioxetine and employs
several of the authors of this paper.

Conclusions

In summary, this post hoc analysis, the first of its kind involving patients of an Asian population, provides evidence to
suggest that vortioxetine may have therapeutic potential in patients with anhedonia-like symptoms of MDD, regardless of
the severity of the anhedonia at treatment initiation. Based on these results, further study of the therapeutic potential of
vortioxetine in anhedonia is warranted.

Abbreviations

CI, confidence interval; DSM, Diagnostic and Statistical Manual of Mental Disorders; LOCF, last observation carried
forward; LS, least-squares; MADRS, Montgomery—Asberg Depression Rating Scale; MDD, major depressive disorder;
SHAPS, Snaith—Hamilton Pleasure Scale; SSRI, selective serotonin reuptake inhibitor.

Data Sharing Statement

The data sets, including the redacted study protocol, redacted statistical analysis plan, and individual participant data
supporting the results reported in this article, will be made available by the corresponding author within 3 months from
initial request to researchers who provide a methodologically sound proposal. The data will be provided after their de-
identification, in compliance with applicable privacy laws, data protection, and requirements for consent and
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