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Objective. A post hoc analysis evaluated the effects of levomilnacipran ER on individual symptoms and symptom
domains in adults with major depressive disorder (MDD).

Methods. Data were pooled from 5 Phase III trials comprising 2598 patients. Effects on depression symptoms were
analyzed based on change from baseline in individual Montgomery–Åsberg Depression Rating Scale (MADRS) item
scores. A1dditional evaluations included resolution of individual symptoms (defined as a MADRS item score ≤1 at end
of treatment) and concurrent resolution of all 10 MADRS items, all MADRS6 subscale items, and all items included in
different symptom clusters (Dysphoria, Retardation, Vegetative Symptoms, Anhedonia).

Results. Significantly greater mean improvements were found on all MADRS items except Reduced Appetite with
levomilnacipran ER treatment compared with placebo. Resolution of individual symptoms occurred more frequently
with levomilnacipran ER than placebo for each MADRS item (all P< .05), with odds ratios (ORs) ranging from 1.26 to
1.75; resolution of all 10 items was also greater with levomilnacipran ER (OR = 1.57; P = .0051). Significant results
were found for the MADRS6 subscale (OR = 1.73; P< .0001) and each symptom cluster (OR range, 1.39 [Vegetative
Symptoms] to 1.84 [Retardation]; all clusters, P< .01).

Conclusion.Adult MDD patients treated with levomilnacipran ER improved across a range of depression symptoms and
symptom domains.
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Introduction

Although a diagnosis of major depressive disorder (MDD)
requires the presence of several key symptoms, there is

wide variation among individual patients in terms of
clinical presentation.1 The symptomatic heterogeneity
of MDD was recently documented in a post hoc analysis
of the Sequenced Treatment Alternatives to Relieve
Depression (STAR*D) trial, which identified 1030 unique
symptom profiles based on responses from 3703 patients
on the 16-item Quick Inventory of Depression Symptoms
(QIDS-16) scale.2 Given such findings, it is not surprising
that individuals respond differently to available anti-
depressants, and optimization of treatment may require
selecting medications that target specific types of symp-
toms.3 One such approach has been to identify groups of
related symptoms and subsequently evaluate the effects of
various pharmacotherapies on the pre-specified symptom
clusters.4–7 Although different instruments and statistical
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models have been used in this area of research, studies
have generally indicated that symptom clusters may be an
important index of treatment response.

Failure to achieve full symptom remission is also amajor
challenge in MDD. Residual symptoms after acute treat-
ment have been associated with more recurrent episodes,
greater functional impairment and disability, and increased
economic costs.8 Improvements in different symptom
domains may have varying effects on social and occupa-
tional functioning, as suggested by results indicating that
remission of select mood and anxiety symptoms (in the
absence of pain) had a stronger association with functional
improvements than remission of insomnia symptoms or
the absence of pain alone.9 Residual fatigue10 and cognitive
problems11 have also been associated with greater func-
tional impairment, providing the impetus for characteriz-
ing and specifically targeting symptom domains in MDD.

Levomilnacipran extended-release (ER) is a serotonin
and norepinephrine reuptake inhibitor (SNRI) that is
currently approved for the treatment of MDD in adults. In
3 pivotal trials12–14 and 1 proof-of-concept trial,15 the
superiority of levomilnacipran ER to placebo was demon-
strated on the basis of statistically significant reductions in
overall depression symptomatology, as assessed by mean
change from baseline in the Montgomery–Åsberg Depres-
sion Rating Scale (MADRS)16 total score. The current post
hoc analysis of 5 studies,12–15,17 all of which used MADRS
total score as the primary efficacymeasure, was conducted
in order to evaluate the effects of levomilnacipran ER on
individual symptoms and on different symptom clusters.
Preliminary analyses were also conducted to explore the
relationship between symptom remission and improve-
ments in functional impairment.

Methods

Study designs

Post hoc analyses were conducted on data pooled from 5
randomized, double-blind, placebo-controlled trials of
levomilnacipran ER. These included 2 fixed-dose12,13 and
3 flexible-dose trials14,15,17 in which patients received
8 weeks12–14,17 or 10 weeks15 of double-blind treatment
with levomilnacipran ER (40–120mg/day) or placebo.

Methods for all 5 trials have been previously published.
Briefly, they included adults with MDD who had a current
major depressive episode. Patients entering the 4 U.S.
studies were required to have a MADRS total score ≥2613

or ≥30,12,14,17 with 1 study also requiring a Clinical
Global Impression of Severity score ≥4.13 Patients in the
non-U.S. study15 were required to have a 17-item
Hamilton Rating Scale for Depression (HAMD17) total
score >22 and Sheehan Disability Scale (SDS) total score
≥10 with at least 1 subscale score ≥6. Patients with a
principal Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition, Text Revision (DSM-IV-TR)

Axis I diagnosis other than MDD, social anxiety disorder,
generalized anxiety disorder, or specific phobia were
excluded from the U.S. studies. The non-U.S. study also
excluded patients if the onset of an allowed comorbid
psychiatric illness (eg, panic disorder, obsessive compul-
sive disorder, generalized anxiety disorder, posttraumatic
stress disorder) preceded the current depressive episode.
All of the studies excluded patients who had a history
of nonresponse to ≥2 antidepressants after adequate
treatment or a significant risk of suicide based on
investigator judgment or formal assessment (eg, Columbia-
Suicide Severity Rating Scale, Mini-International Neuro-
psychiatric Interview).

Post hoc analyses

Analyses were conducted in the pooled ITT Population,
which was defined as all randomized patients who
received ≥1 dose of double-blind study medication and
had ≥1 post-baseline MADRS assessment. For each
MADRS item, the least squares mean change from
baseline at end of treatment and at study visits (Weeks
1, 2, 4, 6, and 8) were analyzed using an analysis of
covariance (ANCOVA) model with study, pooled study
sites, and treatment as factors and baseline item scores as
covariates; missing data were imputed using the last
observation carried forward approach. Treatment effect
sizes were estimated using the Cohen’s d calculation.

Symptom resolution, defined as no/minimal symp-
toms after treatment (MADRS item score ≤1), was
analyzed in patients from the ITT Population who
completed the final study visit at Week 8 (Week 10 in
the non-U.S. study). Symptom resolution was analyzed
for each individual MADRS item in all study completers,
as well as in completers who had moderate-to-severe
symptom severity at baseline, defined as a MADRS item
score ≥4. These cut-offs were based on the defined scale
steps (ie, scores 0, 2, 4, and 6) for the MADRS items; for
each MADRS item, these steps are accompanied by
descriptors that suggest no/minimal symptoms (score 0
or 1), mild symptoms (score 2 or 3), moderate symptoms
(score 4 or 5), or severe symptoms (score 6). Also
analyzed was the percentage of patients after treatment
who had no/minimal symptoms on all 10 MADRS items
and on all 6 items that constitute the MADRS6 Subscale
(items 1 [Apparent Sadness], 2 [Reported Sadness],
3 [Inner Tension], 7 [Lassitude], 8 [Inability to Feel], and
9 [Pessimistic Thoughts]).18

Based on symptom clusters that have been previously
defined in the literature,4 analyses were conducted to
determine the percentage of patients with remission on
all items in each of the following clusters: Dysphoria
(items 2 [Reported Sadness], 9 [Pessimistic Thoughts],
10 [Suicidal Thoughts]); Retardation (items 1 [Apparent
Sadness], 6 [Concentration Difficulties], 7 [Lassitude],
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8 [Inability to Feel]); and Vegetative Symptoms (items
3 [Inner Tension], 4 [Reduced Sleep], 5 [Reduced
Appetite]). Since anhedonia is a core feature of MDD,19

an Anhedonia cluster (items 5 [Reduced Appetite],
7 [Lassitude], 8 [Inability to Feel], 10 [Suicidal
Thoughts]) was defined for this post hoc analysis. For
all symptom resolution outcomes, odds ratios (ORs) with
95% confidence intervals (95% CI) were estimated using

a logistic regression model with treatment as a factor and
baseline scores as covariates.

Results

In the pooled ITT Population, demographics and base-
line characteristics were similar between treatment
groups (Table 1). The highest mean baseline scores were
found for MADRS items 1 (Apparent Sadness), 2
(Reported Sadness), and 8 (Inability to Feel).

In this overall population, significantly greater mean
improvements from baseline to end of treatment were
seen with levomilnacipran ER compared with placebo on
all MADRS items except Reduced Appetite (Figure 1).
The largest effect sizes were found in Apparent Sadness,
Reported Sadness, Concentration Difficulties, and Inabil-
ity to Feel (all Cohen’s d ≥0.2). ByWeek 1 of double-blind
treatment, statistically significant differences between
treatment groups were detected for Apparent Sadness,
Reported Sadness, Lassitude, and Inability to Feel
(Figure 2). By Week 2, significant differences in favor of
levomilnacipran ER were detected for Concentration
Difficulties, Pessimistic Thoughts, and Suicidal Thoughts.

Among study completers, the percentage of patients
with symptom resolution (ie, no/minimal symptoms,
defined as MADRS item score ≤1) at end of treatment
was significantly higher with levomilnacipran ER than
placebo for each MADRS item, with ORs ranging from
1.26 (Reduced Sleep, Reduced Appetite) to 1.75 (Appar-
ent Sadness) (Figure 3A). In study completers who had
moderate-to-severe depression symptoms at baseline

TABLE 1. Patient demographics and baseline characteristics

Characteristic Placebo
n = 1032

Levomilnacipran ER
n = 1566

Age, years, mean (SD) 43.5 (12.7) 42.7 (12.9)
Women, n (%) 660 (64.0) 997 (63.7)
White, n (%) 846 (82.1) 1228 (78.4)
BMI, kg/m2, mean (SD) 28.2 (5.7) 28.1 (5.5)
MADRS scores, mean (SD)
Total 33.3 (4.6) 33.8 (4.5)
Item 1: Apparent Sadness 3.9 (0.8) 4.0 (0.8)
Item 2: Reported Sadness 4.1 (0.7) 4.1 (0.7)
Item 3: Inner Tension 3.4 (1.0) 3.4 (0.9)
Item 4: Reduced Sleep 3.8 (1.1) 3.8 (1.1)
Item 5: Reduced Appetite 2.4 (1.7) 2.5 (1.7)
Item 6: Concentration
Difficulties

3.8 (0.9) 3.8 (0.9)

Item 7: Lassitude 3.8 (0.8) 3.8 (0.8)
Item 8: Inability to Feel 3.9 (0.8) 4.0 (0.8)
Item 9: Pessimistic Thoughts 3.2 (1.1) 3.3 (1.1)
Item 10: Suicidal Thoughts 1.0 (1.1) 1.1 (1.2)

BMI, body mass index; ER, extended release; MADRS, Montgomery–Åsberg
Depression Rating Scale; SD, standard deviation.

FIGURE 1. Mean improvements in MADRS items at end of treatment. *P< .05; ***P< .001 versus placebo. ER, extended release; LS, least squares;
LSMD, least squares mean difference between treatment groups; MADRS, Montgomery–Åsberg Depression Rating Scale.
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(MADRS item score ≥4), the percentage of patients with
symptom resolution was significantly higher with
levomilnacipran ER versus placebo on all MADRS items
except for Suicidal Thoughts, which only included
85 patients (Figure 3B). The ORs in the group with
moderate-to-severe baseline symptoms were similar to
those found in the overall completer population, ranging
from 1.32 (Reduced Sleep) to 2.07 (Suicidal Thoughts).

The percentage of patients with concurrent resolution
of all 10 MADRS items, all MADRS6 Subscale items, and
all items in each symptom cluster (Dysphoria, Retar-
dation, Vegetative Symptoms, Anhedonia) was also
significantly greater with levomilnacipran ER compared
with placebo (Figure 4). The largest between-group rate
differences were found in the Retardation cluster (8.3%;
OR = 1.84; P< .0001) and Anhedonia cluster (8.3%;
OR = 1.65; P< .0001).

Discussion

A previous post hoc analysis of the 5 clinical trials
included in this report showed that adults with MDD who
were treated with levomilnacipran ER had clinically
relevant and statistically significant improvements in
overall depression severity as assessed using MADRS
total score, including greater rates of response and
remission.20 The current post hoc analysis was conducted
using individual MADRS items as outcome measures in
order to assess the effects of levomilnacipran ER on
specific symptoms and the probability of achieving
resolution of individual symptoms and symptom clusters.

Results of the current analysis showed significantly
greater mean improvements on 9 of the 10 MADRS

items, with the highest Cohen’s effect sizes found in
Apparent Sadness, Concentration Difficulties, Reported
Sadness, and Inability to Feel. Onset of symptom
improvement with levomilnacipran ER was rapid for
Apparent Sadness, Reported Sadness, Lassitude,
Inability to Feel, Concentration Difficulties, Pessimistic
Thoughts, and Suicidal Thoughts as indicated by
statistical separation from placebo within the first
2 weeks of double-blind treatment. These early improve-
ments may be clinically relevant, as suggested by an
analysis of STAR*D data, which found that Week 2
improvements in similar QIDS-16 items (ie, feeling sad,
view of myself, energy level, feeling slowed down, feeling
restless) were significantly associated with achieving
remission of overall depression at Week 14.21 The
broader importance of early symptom improvement has
been established in a meta-analysis of 41 MDD clinical
trials that included different classes of antidepressant
medications.22 Results of this analysis showed that a
≥20% decrease in overall depression severity at Week 2
was highly predictive of “stable” response and symptom
remission, as observed at Week 4 and maintained at all
subsequent study visits.

Results indicating resolution of each MADRS item
(ie, score ≤1 at Week 8/10 of double-blind treatment)
suggest a possible relationship between early levomilna-
cipran ER effects and end-of-treatment outcomes,
although this association was not formally investigated
in the current post hoc analysis. The 7MADRS items that
had shown significant treatment–placebo differences at
Week 1 or 2 were the same items with the greatest ORs
for symptom resolution at end of treatment in the overall
completer population (range, 1.42 [Lassitude] to
1.75 [Apparent Sadness]). However, the high percentage
of patients in this analysis who had no/minimal
symptoms for the Suicidal Thoughts item (>85% in each
treatment group), coupled with the relatively low mean
score changes for both placebo and levomilnacipran ER
(–0.4 and –0.6, respectively), suggest possible ceiling and
floor effects that may have been due to lowmean baseline
scores, which probably resulted from the exclusion of
patients with suicidal ideation or behavior. To adjust for
such effects, symptom resolution was analyzed in study
completers who had moderate-to-severe symptoms at
baseline, defined as MADRS item scores of 4 or higher.
Three items (ie, Reduced Appetite, Pessimistic
Thoughts, and Suicidal Thoughts) were found for
which< 50% of the completer population had a baseline
score ≥4. The ORs for these 3 items in patients with
moderate-to-severe baseline symptoms (1.62, 1.67, and
2.07, respectively) were higher than in the overall
completer population (1.26, 1.43, and 1.69, respec-
tively), indicating the need for clinicians to inquire about
the severity of specific depression-related symptoms
when making treatment decisions.

FIGURE 2. Statistical separation between levomilnacipran ER and placebo in
MADRS items by study visit. Analysis was based on least squares mean
changes from baseline in individual MADRS item scores using last
observation carried forward. Color change from white to black indicates the
first study visit at which a statistically significant (P< .05) difference
between treatment groups was detected and remained significant at every
subsequent study visit. Analysis does not include Week 10 data from the
non-U.S. study.15 ER, extended release; MADRS, Montgomery–Åsberg
Depression Rating Scale.
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Perhaps more important than the analyses based on
individual MADRS item scores was the analysis of
concurrent symptom resolution on all 10 MADRS items.
Although the percentage of patients who met this

definition was significantly higher with levomilnacipran
ER than with placebo (11.2% vs 7.8%; P< .01), the rates
in both groups were lower than the percentage of patients
who had met the more conventional definition of MADRS

FIGURE 3. Percentage of patients with no/minimal symptoms at end of treatment. No/minimal symptoms defined as a MADRS item score ≤1 at Week 8/10.
Analyses were conducted in the following groups: (A) all patients who completed the study (placebo, n = 834; levomilnacipran ER, n = 1181); and (B) study
completers who had moderate-to-severe symptoms at baseline, defined as a MADRS item score ≥4 (n-values for each item indicated in the figure). *P< .05;
**P< .01; ***P< .001 versus placebo. CI, confidence interval; ER, extended release; MADRS, Montgomery-Asberg Depression Rating Scale.
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remission (total score ≤10)23 in the previous post hoc
analysis (27.7% vs 21.5%; P< .05).20 This difference
suggests that although the criteria for remission may
seem mathematically similar between the 2 post hoc
analyses, the criteria used in the present analysis
represent a more stringent benchmark of complete
symptom remission. The difference between MADRS
item-level remission and MADRS total score remission
also suggests that there may have been a heterogeneity of
treatment response in the levomilnacipran ER studies.
In other words, results from the current analysis suggest
that some patients with a MADRS total score ≤10 may
have had complete remission (score of 0) on certain
clusters of items and residual symptoms (score ≥2) on
other items, with likely variation across individual
patients.

The question of whether specific types or clusters of
symptoms may have been more responsive to levomilna-
cipran ER treatment was addressed by conducting
analyses in symptom domains that have been previously
reported in the literature. These included the MADRS6
subscale,18,24 3 symptom clusters (Dysphoria, Retarda-
tion, Vegetative Symptoms) that were derived using a
factor analysis of individual MADRS items,4 and an
Anhedonia cluster defined for this post hoc analysis
to include MADRS items 5, 7, 8, and 10 based on
symptoms that indicate lack of pleasure or volition.25

Although changes in factor scores have been used to
evaluate the effects of antidepressant treatment and

nonpharmacologic therapies on the Dysphoria, Retarda-
tion, and Vegetative Symptoms clusters,26–28 this is the
first analysis (to our knowledge) to examine symptom
resolution within the clusters. The results indicate that a
significantly higher percentage of levomilnacipran
ER-treated patients than placebo-treated patients had
substantial improvements in all 3 symptom domains, as
well as in the Anhedonia cluster and in core depression
symptoms as represented by the MADRS6 subscale.

Results from our analyses, however, also suggest that
levomilnacipran ER may have had differential effects
across the various symptom domains. For example, the
largest treatment effect in this post hoc analysis was
found in the Retardation cluster (OR = 1.84), which
was greater than the effect seen in patients who had
resolution on core items comprising the MADRS6
subscale (OR = 1.73) or even on all 10 MADRS items
(OR = 1.57). These results may have been partly due to
the effects of levomilnacipran ER on symptoms that are
associated with deficits in noradrenergic transmission
such as reduced energy and alertness, difficulties with
concentration and attention, and loss of interest in
surroundings and activity.3

Conversely, although still statistically significant, the
smallest treatment effect was seen in the Vegetative
Symptoms cluster (OR = 1.39), which includes items
(ie, Inner Tension, Reduced Sleep, Reduced Appetite)
that are associated with increased noradrenergic activity
and activation of the stress response system.29 However,

FIGURE 4. Percentage of patients with no/minimal symptoms across different symptom clusters. **P< .01; ***P< .001 versus placebo. CI, confidence interval;
ER, extended release; MADRS, Montgomery-Åsberg Depression Rating Scale.
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some patients—such as those with atypical depression—
have symptoms that are associated with decreased
noradrenergic activity, including feelings of disconnect-
edness and emptiness, lethargy, excessive sleep, increased
food intake, and weight gain. Given the effects of
levomilnacipran ER on certain items in the Retardation
cluster (eg, Concentration Difficulties, Lassitude,
Inability to Feel), it seems reasonable to surmise that this
agent would have similar effects on depression-related
hypersomnolence and overeating. This presumption
could not be tested in the current patient population,
since such symptom assessments are not included in
either of depression scales (MADRS, HAMD17) used in
the levomilnacipran ER studies. However, the known
limited effects of serotonergic antidepressants on atypical
depression,30 coupled with findings that symptoms of
atypical depression significantly predict treatment
response to the SNRI duloxetine,31 suggest that MDD
patients who have increased sleep and/or appetite may
benefit from medications that elevate norepinephrine
levels.

In addition to symptom improvement, patients who
received levomilnacipran ER in the trials included
herein had significant improvements in functional
impairment, as demonstrated in 2 previously published
analyses based on different SDS outcomes including
response, remission, and categorical shifts.32,33 Such
findings are not surprising, since a number of other
MDD studies have shown that reduced symptom
severity is associated with increased functional ability.34

The results of the current post hoc analysis, however,
may shed some light on the types of symptoms that
may have been driving SDS improvements in the
levomilnacipran ER studies. Of the 8 MADRS items that
were included in the 2 groups with the largest treatment
effects, Concentration Difficulties was unique to the
Retardation cluster, and Apparent Sadness, Lassitude,
and Inability to Feel were common to both the Retarda-
tion cluster and the MADRS6 subscale. Further analyses
would be needed to evaluate how improvements in
these types of symptoms might affect functional
outcomes.

The major limitation of these analyses is that they
were conducted post hoc, and no efficacy outcomes
based on individual MADRS items had been defined a
priori. In addition, any inferences about the differential
treatment effects on symptom clusters are limited to
acute treatment with levomilnacipran ER; such differ-
ences may be more or less apparent with longer
treatment durations. Because there were no active
comparators in any of the trials, no conclusions can be
drawn regarding the effects of levomilnacipran ER
relative to other antidepressants. Finally, findings from
this study population may not be generalizable to more
diverse clinic- and hospital-based populations.

Conclusions

This post hoc analysis of MADRS item data from 5 Phase
III studies indicates that patients treated with levomilna-
cipran ER versus placebo had significantly greater mean
improvements and higher rates of symptom resolution
across a range of depression symptoms and in different
symptom domains. Moreover, levomilnacipran ER–
treated patients had significantly greater odds of achieving
resolution across multiple symptom domains, including
all 10 MADRS items. The strongest treatment effect was
found in the Retardation cluster, suggesting that fatigue-
and cognition-related symptoms of depression may be
particularly responsive to levomilnacipran ER.
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