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ABSTRACT
Objective: To investigate the efficacy and safety 
of levomilnacipran sustained release (SR), an 
antidepressant candidate in late-stage development,  
in major depressive disorder (MDD).

Method: Between December 2006 and October 
2007, a 10-week, randomized, double-blind, placebo-
controlled, parallel-group, multicenter, flexible-dose 
trial assessed once-daily levomilnacipran SR (75 mg or 
100 mg) in outpatients (18–70 years) meeting DSM-IV 
criteria for a major depressive episode (duration ≥ 1 
month) with a 17-item Hamilton Depression Rating 
Scale (HDRS17) score > 22 and Sheehan Disability 
Scale (SDS) score ≥ 10. Levomilnacipran SR dose was 
increased to 100 mg/d over 12 days. The primary 
efficacy measure was Montgomery Asberg Depression 
Rating Scale (MADRS) score change from baseline 
to week 10; secondary efficacy measures were the 
HDRS17, SDS, Clinical Global Impressions-Improvement 
scale, and MADRS response (≥ 50% decrease from 
baseline) and remission (score ≤ 10). Safety was 
evaluated according to adverse events, laboratory 
investigations, and vital signs/physical findings.
Results: Efficacy analyses included 276 levomilnacipran 
SR–treated patients and 277 placebo-treated patients. 
Levomilnacipran SR was significantly superior to 
placebo on MADRS total score change from baseline to 
week 10 (least squares mean difference [LSMD] = −4.2 
[95% CI, −5.7 to −2.6]; P < .0001). Statistical significance 
in favor of levomilnacipran SR was demonstrated 
on change from baseline to week 10 in HDRS17 
total score (LSMD = −3.4 [95% CI, −4.7 to −2.2]; 
P < .0001) and SDS total score (LSMD = −3.4 [95% CI, 
−4.6 to −2.2]; P < .0001) and subscales. Significantly 
more levomilnacipran SR patients versus placebo 
patients achieved MADRS response (59.1% vs 42.2%; 
P < .0001) and remission (46.4% vs 26.0%; P < .0001). 
Levomilnacipran SR was generally safe and well 
tolerated; more levomilnacipran SR patients (9.4%) 
versus placebo patients (6.5%) discontinued due to 
adverse events, but more placebo patients versus 
levomilnacipran SR patients discontinued overall 
(24.9% vs 20.2%).
Conclusions: Levomilnacipran SR demonstrated robust 
efficacy on all measures and was generally  
well tolerated.
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Major depressive disorder (MDD) is a common, potentially dan-
gerous, and disabling disorder. It has a chronic recurrent course 

and is recognized as the most common cause of disability during the 
course of a working life.1 Effective treatment of MDD is a public health 
priority.

Levomilnacipran (1S, 2R-milnacipran), a potent and selective  
serotonin-norepinephrine reuptake inhibitor (SNRI) with greater 
potency for inhibition of norepinephrine (NE) relative to serotonin 
(5-HT) reuptake, is in clinical development for the treatment of adult 
MDD. In animal models of depression, it shows a potent antidepressant-
like effect2 suggesting that it may offer therapeutic effects similar to older 
tricyclic antidepressants without the accompanying safety and tolerabil-
ity issues. The sustained release (SR) formulation was developed to allow 
for once-daily dosing.

Potency for inhibition of 5-HT reuptake relative to NE reuptake varies 
among members of the SNRI class of antidepressants. For example, 5-HT 
reuptake inhibition is 10-fold more potent than NE reuptake inhibition 
for duloxetine and 30-fold more potent for venlafaxine.3 Because NE 
reuptake inhibition for venlafaxine at lower doses is trivial, with mean-
ingful NE reuptake inhibition achieved only at high doses,2 venlafaxine 
in effect becomes a selective serotonin reuptake inhibitor (SSRI) when 
prescribed at the usual dose of 150 mg/d or less. These relative differences 
make generalizing from one SNRI to another potentially misleading.

In contrast, levomilnacipran has approximately 2-fold higher potency 
for NE relative to 5-HT reuptake inhibition and over 10-fold higher 
selectivity for NE reuptake inhibition compared with duloxetine and 
venlafaxine.2 While the general question of whether SNRIs have supe-
rior efficacy relative to SSRIs, particularly on the core symptoms of  
depression, remains unresolved, the potentially greater efficacy of  
SNRIs with greater inhibition of NE versus 5-HT reuptake is a more  
specific area of investigation that is of particular interest in regard to  
levomilnacipran SR.

The objective of this study (EudraCT number: 2006-002404-34) 
was to investigate the efficacy and safety of a flexible-dose regimen of 
levomilnacipran SR compared with placebo in the treatment of MDD 
over a 10-week period.

METHOD
Patients were recruited to participate in the study from 68 sites in 

France, Finland, Latvia, Lithuania, Sweden, Germany, Estonia, Czech 
Republic, Bulgaria, India, and South Africa; the study was conducted 
between December 13, 2006, and October 22, 2007. The final study pro-
tocol was approved by ethics committees and appropriate authorities 
for all centers involved. The study was performed in accordance with 
the principles stated in the Declaration of Helsinki and Good Clini-
cal Practice guidelines, as applicable at the time; all patients provided  
written, informed consent.

This work may not be copied, distributed, displayed, published, reproduced, 
transmitted, modified, posted, sold, licensed, or used for commercial purposes. 

By downloading this file, you are agreeing to the publisher’s Terms & Conditions.
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Major depressive disorder (MDD) is a common and disabling  ■
disorder with a chronic and recurrent course; as it is a leading 
cause of worldwide disease burden, effective treatment of 
MDD is a public health priority.

Levomilnacipran sustained release (SR), a serotonin- ■
norepinephrine reuptake inhibitor antidepressant candidate 
with preference for norepinephrine reuptake inhibition, was 
evaluated in a randomized, double-blind, placebo-controlled 
trial in adults with moderate to severe MDD.

Levomilnacipran SR 75–100 mg/d was effective and well  ■
tolerated in treating the symptoms of depression and its 
associated functional impairment.

Study Design
This 10-week, randomized, double-blind, placebo-

controlled, parallel-group, multicenter, flexible-dose trial 
assessed once-daily levomilnacipran SR (75 mg or 100 mg) 
in adult patients with MDD. Patients were randomized by 
a computer-generated list of numbers that were blindly 
linked to test drug or placebo; groups in each study center 
were balanced according to severity of baseline depression 
(Montgomery Asberg Depression Rating Scale [MADRS]4 
baseline total scores < 30 or ≥ 30). A 3- to 21-day drug wash-
out period was followed by 2-week progressive titration, an 
8-week double-blind treatment period, and a 1-week down-
titration period.

During titration, patients received an equivalent number 
of identical-looking levomilnacipran SR or placebo cap-
sules. Patients randomly assigned to levomilnacipran SR 
received 25 mg on days 1–3, 50 mg on days 4–7, and 75 mg 
on days 8–11. If good tolerance was discerned by telephone 
assessment, the 100-mg levomilnacipran SR target dose was 
initiated on day 12 and maintained for the study duration. 
If subsequent intolerance developed, dose reduction to 75 
mg was allowed and the dose was fixed for the remainder 
of the trial; patients were withdrawn from the study if the 
75-mg dose was not tolerated. Throughout comparative 
treatment, capsules that corresponded to the randomized 
treatment number were dispensed; blinded information 
was maintained in sealed decoding envelopes. At the end of 
double-blind treatment or at premature withdrawal, patients 
were down-titrated for 7 days (50 mg for 4 days; 25 mg for 3 
days) and followed up for an additional 7 days.

Patients
Inclusion and exclusion criteria. Male or female out-

patients 18–70 years of age who met criteria for an episode 
of MDD (moderate or severe, without psychotic features) as 
defined by the Diagnostic and Statistical Manual of Mental 
Disorders, Fourth Edition, Text Revision (DSM-IV-TR)5 were 
eligible for study participation. The duration of the current 
episode was required to be ≥ 1 month; MDD was confirmed 
using the Mini-International Neuropsychiatric Interview6; 
inclusion required a 17-item Hamilton Depression Rating 
Scale (HDRS17)7 score > 22 and a Sheehan Disability Scale 

(SDS)8 score ≥ 10, with at least 1 subscale (work, social life, 
or family life) score ≥ 6. Women of childbearing poten-
tial were required to use a medically accepted method of 
contraception.

No clinically relevant abnormalities in clinical examina-
tion, laboratory test, or electrocardiography (ECG) findings 
were allowed. Additional reasons for exclusion included 
history of psychotic or bipolar disorder, various other cur-
rent psychiatric (including generalized anxiety disorder 
and social phobia preceding the onset of the depressive 
episode) or personality disorders (categorized according to 
DSM-IV clusters), substance abuse (preceding 6 months) 
or dependence (preceding 2 years), physical conditions (eg, 
cardiovascular disease, systemic disease, history of seizure 
disorder), pregnancy, allergy/nonresponse to milnacipran, 
initiating or stopping formal psychotherapy (preceding 6 
months), electroconvulsive therapy (preceding 3 months), 
moderate/severe suicide risk, and nonresponse to 2 previ-
ous antidepressants of adequate dose for ≥ 4 weeks for the 
current depressive episode. Concomitant psychotropic medi-
cations were prohibited except for limited use of hypnotics 
(ie, zolpidem, zopiclone), low-dose neuroleptics, or low-dose 
anxiolytics (10-mg diazepam equivalent) under specific cir-
cumstances (eg, if chronic treatment was initiated 3 months 
before the study, the medication regimen was maintained).

Efficacy Assessments
Patients were assessed with the MADRS4 at selection 

(day −21 to day −3), at inclusion (week 0), at all study weeks 
(weeks 1–4, 6, 8, 10), and after down-titration (weeks 11, 
12) or premature withdrawal. The HDRS17 (weeks 0–4, 6, 8, 
10–12), Clinical Global Impressions-Improvement (CGI-I) 
(weeks 2, 4, 6, 8, 10–12) and -Severity of Illness (CGI-S)9 
(weeks 0, 2, 4, 8, 10), SDS total score and subscales (weeks 0, 
2, 4, 6, 8, 10), MADRS response (≥ 50% baseline total score 
decrease) and remission (total score ≤ 10), CGI-I response 
(CGI score of 1 or 2), and HDRS17 response (≥ 50% baseline 
total score decrease) and remission (total score ≤ 7) were also 
evaluated.

Safety Assessments
Treatment-emergent adverse events (TEAEs) were evalu-

ated at each visit via spontaneous reporting, nonleading 
questions, and clinical evaluation; they were categorized by 
relationship to study drug and intensity. Laboratory investi-
gations (weeks 0, 4), ECGs (weeks 0, 4, 10), and vital signs/
physical examinations (all visits) were recorded. Potentially 
significant changes from baseline in safety measures were 
predefined by low and high limits.

Statistical Analyses
The safety data set, consisting of all randomized patients 

who received at least 1 dose of study drug, was used for 
all safety evaluations. The full analysis set (FAS), which 
comprised all patients in the safety data set with at least 1 
postbaseline evaluation of MADRS total score, was used for 
efficacy analyses.
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The primary efficacy parameter was MADRS total 
score change from baseline to week 10; analysis was 
conducted using a mixed-effects model for repeated 
measures (MMRM) on the FAS. The model included 
treatment, center, and visit as main effects; MADRS 
total score baseline as covariate; and treatment-by-
visit and baseline-by-visit interactions. Sensitivity 
analyses were performed using the last-observation-
carried-forward (LOCF) approach and an analysis 
of covariance (ANCOVA) model with treatment and 
center as main effects and baseline MADRS total score 
as covariate.

Secondary efficacy parameters included change 
from baseline to week 10 in HDRS17 total score and 
SDS total/subscale scores; analyses were conducted 
using an MMRM model and ANCOVA similar to 
the primary analysis. CGI-I score was analyzed using 
MMRM analysis, excluding baseline and interaction 
with baseline term from the model. The Covi Anxiety 
Scale10 was used to measure anxiety; the change from 
baseline was summarized using descriptive statistics. 
Response and remission at week 10 were analyzed by 
the Cochran-Mantel-Haenszel test stratified by center 
at the end of week 10. Post hoc evaluations included 
the number needed to treat (NNT) analyses for 
response and remission as determined by the recipro-
cal of the difference of the event proportions between 
the levomilnacipran SR group and the placebo group.11 
Statistical significance was determined by 2-sided tests 
performed at the 5% level. Descriptive statistics were 
used to evaluate safety outcomes.

RESULTS
Patient Disposition and Demographic Characteristics

A total of 659 patients were screened for potential study 
participation; failure to meet at least 1 eligibility criterion 
was the most common reason for screen failure (56 patients). 
A total of 563 patients were randomized to treatment; 557 
patients were in the safety data set, and 553 patients were 
in the FAS. A higher percentage of levomilnacipran SR 
patients completed the study; baseline demographic and 
disease characteristics and premature discontinuation for 
any reason were similar between treatment groups (Table 1). 
CGI-S baseline scores indicated that the majority of patients 
were moderately or markedly ill.

Following titration, 189 levomilnacipran SR patients 
(71.6%) were taking the 100-mg/d target dosage; during 
the study, 18 (9.5%) of these patients down-titrated to 75 
mg/d. In the placebo group, 219 patients (81.4%) reached 
maximum dosage by the end of titration, and 10 (4.6%) 
down-titrated during the study. The mean (SD) exposure to 
treatment was 67.9 (20.7) days for placebo and 68.6 (20.9) 
days for levomilnacipran SR.

Efficacy
Primary analysis. Levomilnacipran SR was significantly 

superior to placebo on the primary efficacy parameter, 

MADRS total score change from baseline to week 10 (Table 
2, Figure 1A). Mean MADRS score decreased throughout 
the study in both groups; a significantly greater decrease in 
favor of levomilnacipran SR was seen from week 3 onward.  
Sensitivity analysis using the LOCF approach and an 
ANCOVA model in the FAS was supportive of the primary 
analysis (P < .0001); the magnitude of change was slightly 
smaller using LOCF analysis, but between-group differences 
were similar (least squares mean difference [LSMD] = −3.7 
[−5.2 to −2.1]).

Secondary efficacy. Improvement on HDRS17 total 
score from baseline to week 10 was significantly superior 
for levomilnacipran SR versus placebo (Table 2, Figure 1B); 
sensitivity analysis using the LOCF approach supported 
MMRM results (LSMD = −2.8 [−4.1 to −1.6]; P < .0001).

Change from baseline to week 10 was significantly 
greater for levomilnacipran SR versus placebo on SDS 
total score (Table 2, Figure 2A); significant improvement 
in favor of levomilnacipran SR was also demonstrated on 
the work (LSMD = −1.1 [−1.5 to −0.7]; P < .0001), social 
life (LSMD = −1.0 [−1.5 to −0.6]; P < .0001), and family life 
(LSMD = −1.2 [−1.6 to −0.8]; P < .0001) subscales (Figure 
2A). LOCF analyses supported the primary MMRM results 
on all SDS measures. Adjusted mean CGI-I score at week 
10 was also significantly better for levomilnacipran SR than 
placebo. The mean change in Covi Anxiety Scale total score 
at week 10 was greater in the levomilnacipran SR group rela-
tive to placebo (Table 2).

Table 1. Patient Disposition, Demographic, and Disease 
Characteristics

Placebo Levomilnacipran SR
Randomized population, n 281 282
Full analysis set, n 277 276
Safety population, n 279 278
Patient disposition (safety population)
Completed study, n (%) 211 (75) 225 (80)
Reason for premature discontinuation, n (%)

Adverse events 18 (7) 26 (9)
Worsening of MDD 17 (6) 11 (4)
Insufficient therapeutic response 33 (12) 16 (6)
Withdrawal of consent 37 (13) 29 (10)
Lost to follow-up 0 (0) 1 (< 1)
Other 10 (4) 8 (3)

Baseline demographic and disease characteristics (full analysis set)
Age, mean, y 45 44
Sex, women, % 66 67
Race, white, % 91 92
Age at depression onset, mean (SD), y 37.1 (12.4) 36.0 (13.3)
Previous depressive episode, n (%) 194 (70.0) 214 (77.5)
CGI-S rating, n (%)

Mildly ill 0 (0) 1 (0.4)
Moderately ill 113 (40.8) 106 (38.4)
Markedly ill 137 (49.5) 133 (48.2)
Severely ill 27 (9.7) 36 (13.0)

Patients receiving ≥ 1 CNS treatment for the current depressive episode  
(safety population)

Psychoanaleptics, n (%) 99 (35.5) 95 (34.2)
Psycholeptics, n (%) 46 (16.5) 41 (14.7)
Abbreviations: CGI-S = Clinical Global Impressions-Severity of Illness scale, 

CNS = central nervous system, HDRS17 = 17-item Hamilton Depression Rating 
Scale, MADRS = Montgomery Asberg Depression Rating Scale, MDD = major 
depressive disorder, SDS = Sheehan Disability Scale, SR = sustained release.
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Response and remission. A 
significantly greater proportion of 
patients treated with levomilnaci-
pran SR versus placebo attained 
MADRS response (≥ 50% decrease 
from baseline) and remission (total 
score ≤ 10) at week 10 (Figure 2B); 
there were significantly more levo-
milnacipran SR responders and 
remitters from week 6 onward. The 
NNTs (95% CI) for response and 
remission for levomilnacipran SR 
relative to placebo were 6 (4–12) 
and 5 (4–8), respectively.

The proportion of patients with 
HDRS17 response (≥ 50% decrease 
from baseline) was significantly 
greater for levomilnacipran SR 
compared with placebo; HDRS17 
remission (total score ≤ 7) was also 
significantly greater for patients 
receiving levomilnacipran SR than 
those receiving placebo (Table 2), 
with more levomilnacipran SR 
patients remitting from week 3 
onward. CGI-I response (score = 1 

or 2) was significantly greater for levomilnacipran 
SR patients versus placebo patients (Table 2), with 
fewer responders in the placebo group at every 
study visit after week 2.

Safety
Adverse events. A summary of adverse events 

(AEs) and common TEAEs (≥ 5% in either group) 
is presented in Table 3. TEAEs that occurred in 
≥ 5% of levomilnacipran SR patients with at least 
twice the frequency of placebo were hyperhidrosis, 
constipation, diarrhea, tachycardia, palpitations, 
and hypertension.

Nine serious AEs (SAEs) were reported by 9 
patients in the placebo group (suicidal ideation, 
depression, and major depression [2 patients each]; 
depressive symptom, stress, and open fracture [1 
patient each]); all placebo-related SAEs except for 
depressive symptom and open fracture resulted 
in discontinuation. Four SAEs were reported by 
3 levomilnacipran SR patients (suicidal ideation 
[resulted in premature discontinuation], prostatitis 
and seminal vesiculitis [1 patient], and interverte-
bral disc protrusion).

Overall, 18 placebo patients (6.5%) and 26 levo-
milnacipran SR patients (9.4%) withdrew from the 
study due to AEs. The most common AE leading 
to discontinuation in the placebo group was sui-
cidal ideation (4 patients). The most common AEs 
leading to discontinuation for levomilnacipran SR 
patients were nausea (5 patients) and vomiting (4 

Table 2. Primary and Secondary Results
Placebo 
(n = 277)

Levomilnacipran SR 
(n = 276) LSMD (95% CI)

P 
Value

Efficacy measures (FAS, MMRM)
MADRS

Baseline score, mean (SD) 30.5 (3.7) 30.9 (4.1) … …
Change from baseline, LS mean (SE)a −14.5 (0.56) −18.7 (0.56) −4.2 (−5.7 to −2.6) < .0001

HDRS17
Baseline score, mean (SD) 25.8 (2.6) 26.2 (2.6) … …
Change from baseline, LS mean (SE)a −11.5 (0.46) −14.9 (0.45) −3.4 (−4.7 to −2.2) < .0001

SDS total
Baseline score, mean (SD) 20.82 (3.76) 21.25 (3.93) … …
Change from baseline, LS mean (SE)a −7.7 (0.44) −11.1 (0.43) −3.4 (−4.6 to −2.2) < .0001

CGI-I score at week 10, LS mean (SE) 2.5 (0.07) 2.0 (0.07) −0.4 (−0.6 to −0.3) < .0001
Covi Anxiety Scaleb

Baseline score, mean (SD) 5.4 (2.0) 5.6 (1.9) … …
Change from baseline, mean (SD) −1.8 (2.2) −2.7 (2.4) … …

Response and remission (FAS, LOCF)c

HDRS17 response (≥ 50% decrease in 
total score), %

38.6 56.2 … < .0001

HDRS17 remission (total score ≤ 7), % 20.6 33.3 … .0009
CGI-I response (score = 1 or 2), % 46.2 68.0 … < .0001
aAdjusted mean change from baseline. 
bDescriptive statistics were provided for the total score.
cResponse and remission were analyzed using the Cochran-Mantel-Haenszel test.
Abbreviations: CGI-I = Clinical Global Impressions-Improvement, FAS = full analysis set, 

HDRS17 = 17-item Hamilton Depression Rating Scale, LOCF = last observation carried forward, LS = least 
squares, LSMD = least squares mean difference, MADRS = Montgomery Asberg Depression Rating Scale, 
MMRM = mixed-effects model for repeated measures, SDS = Sheehan Disability Scale, SE = standard 
error, SR = sustained release.

Symbol: … = not applicable.

Figure 1. LS Mean Change in MADRS and HDRS17 From Baseline to Week 
10 (MMRM, FAS)

Abbreviations: FAS = full analysis set, HDRS17 = 17-item Hamilton Depression Rating 
Scale, LS = least squares, MADRS = Montgomery Asberg Depression Rating Scale, 
MMRM = mixed-effects model for repeated measures, SR = sustained release.

*P < .05.  **P < .001.  ***P < .0001.
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patients). During down-titration/treatment discontinuation, 
TEAE incidence was similar for placebo (8.2%) and levomil-
nacipran SR (8.6%), and no new SAEs were reported.

Clinical and laboratory evaluations. For levomilnacipran 
SR, there were no clinically relevant changes from baseline 
to week 10 in hematology or biochemistry values except  
for slight mean (SD) increases in aspartate aminotransferase 
(placebo, 0.1 [6.8] U/L; levomilnacipran SR, 1.3 [8.0] U/L), 
alanine aminotransferase (placebo, 0.5 [10.1] U/L; levomil-
nacipran SR, 2.5 [12.2] U/L), and γ-glutamyl transferase 
(placebo, 0.6 [8.7] U/L; levomilnacipran SR, 2.1 [16.8] U/L). 
Mean changes in blood pressure from baseline to week 10 
were similar between groups; mean increases in heart rate 
were noted for levomilnacipran SR (placebo, −1.2 [8.9] bpm; 
levomilnacipran SR, +7.0 [11.5] bpm).

Overall, clinically significant changes in vital signs were 
reported in 10 placebo patients and 18 levomilnacipran SR 

patients; changes in systolic and diastolic blood 
pressure and increases in heart rate were more 
common in levomilnacipran SR patients than 
placebo patients. The most common clinically 
significant changes for levomilnacipran SR were 
systolic blood pressure decrease (maximum −40 
mm Hg; 6 patients each) and heart rate increase 
(maximum 42 bpm).

Based on the Fridericia correction (QTcF), 
there was no QTc prolongation (mean [SD] change 
from baseline to week 10/premature withdrawal: 
placebo, 0.4 [15.4] msec; levomilnacipran SR, 
–3.1 [15.4] msec). Based on the Bazett correction 
(QTcB), greater mean change from baseline was 
observed for levomilnacipran SR (8.0 [18.1] msec) 
versus placebo (−0.2 [19.1] msec), consistent with 
the increase in heart rate (placebo, −0.1 [9.2] bpm; 
levomilnacipran SR, 4.9 [9.8] bpm). There were no 
QTcF or QTcB increases ≥ 60 msec12 in the levo-
milnacipran SR group; QTcB and QTcF increases 
≥ 60 msec were observed in zero and 1 placebo 
patient, respectively.

DISCUSSION
This 10-week, randomized, double-blind, 

placebo-controlled trial demonstrated robust treat-
ment effect for levomilnacipran SR 75–100 mg/d 
compared with placebo in treating patients with 
MDD. A 4.2-point difference in favor of levomil-
nacipran SR versus placebo was demonstrated on 
MADRS total score change from baseline to week 
10 (MMRM), the primary efficacy parameter. The 
treatment effect was considerably larger than the 
2-point MADRS or HDRS drug-placebo difference 
commonly reported for antidepressants evaluated 
in meta-analyses of largely positive pivotal studies 
submitted to regulators in the United States and 
Europe13–15 and demonstrates that patients treated 
with levomilnacipran SR benefit from clinically 
relevant improvement.

Large and significant differences in favor of levomilna-
cipran SR were also observed on all secondary measures. 
Similar to MADRS outcomes, results on the HDRS17  
demonstrated robust symptom improvement in patients 
treated with levomilnacipran SR. Additionally, significant 
improvement for levomilnacipran SR on the SDS and its 
subscales demonstrated efficacy in treating functional 
impairment, a by-product of depression that results in 
decreased psychosocial and work functioning.16 Even though 
functional improvement may lag behind symptom improve-
ment, this outcome is an important component of wellness,17 
and these results suggest that levomilnacipran SR plays an 
important role in a return to normal functioning.

Response and remission rates were significantly greater 
for levomilnacipran SR compared with placebo using several 
different measures. Response far exceeded the 10% average 
advantage for drug versus double-blind placebo reported 

Figure 2. Measures of Functional Improvement (SDS) and Clinical 
Relevance (MADRS response and remission)

Abbreviations: FAS = full analysis set, LOCF = last observation carried forward, 
MADRS = Montgomery Asberg Depression Rating Scale, MMRM = mixed-effects 
model for repeated measures, SDS = Sheehan Disability Scale, SR = sustained release.

***P < .0001 (Cochran-Mantel-Haenszel).
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in most registration trials of newer antidepressants.18 
Remission, an important and clinically relevant outcome,19 
occurred in 46% of levomilnacipran SR–treated patients 
and 26% of placebo-treated patients when remission was 
defined using MADRS criteria; HDRS17 remission results 
were in accord. The 20% absolute difference in remission 
for levomilnacipran SR compared with placebo is noteworthy 
because studies of this type are not normally powered for 
analysis of this outcome measure and remission is difficult 
to achieve in the timeframe of a short-term study.19

The NNT, the number of patients that would need to be 
treated to observe 1 additional successful outcome, is the 
effect size that best reflects clinical significance for binary 
outcomes like response and remission.20 For antidepressants, 
an NNT of ≤ 10 for response is considered the threshold 
at which a clinically relevant treatment advantage is indi-
cated.19,21 In this study, the NNT based on the MADRS for 
levomilnacipran SR relative to placebo was 6 for response 
and 5 for remission, indicating that clearly clinically relevant 
outcomes occurred with levomilnacipran SR treatment.

A 10% difference in remission rates between SSRIs (35%) 
and placebo (25%) has been reported in a meta-analysis.21 
In another meta-analysis,22 venlafaxine, the most exten-
sively studied SNRI, showed a 13% difference in remission 
versus placebo (P < .001), with an NNT of 8. In the present 
study, the absolute difference for levomilnacipran SR versus 
placebo was 20% when measured by the MADRS and 13% 
when measured by the HDRS17, which demonstrates robust 
antidepressant effect leading to remission in a single, short-
term study.

The large treatment effect on the primary outcome 
parameter was supported by significant outcomes in favor of 
levomilnacipran SR on all secondary outcomes and measures 
of clinical relevance such as NNT analyses and remission 
rates. The overtly positive nature of these results in a single, 
placebo-controlled study is an uncommon occurrence, which 

raises the question of whether this population was unusually 
responsive or levomilnacipran SR is potentially associated 
with superior efficacy. The lack of a reference antidepressant 
is a limitation of this study, which makes it impossible to 
address this question directly.

The inclusion (eg, minimum HDRS17 baseline score > 22) 
and exclusion (eg, the presence of comorbid anxiety disor-
ders as required by regulatory authorities) criteria limit the 
ability to generalize these findings to routine clinical practice. 
The use of low-dose hypnotic and anxiolytic medications by 
patients in both treatment groups was allowed under cer-
tain circumstances, which may have further diminished 
the effects of anxious features and introduced uncertainties 
regarding the interpretation of some results. For example, 
concomitant low-dose hypnotic/anxiolytic use may have 
made it more difficult to demonstrate a drug-placebo differ-
ence; conversely, it may have reduced the dropout rate and 
allowed levomilnacipran SR time to show an effect compared 
with placebo. Use of hypnotics and anxiolytics, as well as the 
low level of baseline anxiety in the study population, may be 
additional study limitations.

Antidepressant efficacy potential is frequently lost as a 
result of poor tolerability and high levels of treatment dis-
continuation and noncompliance. In a meta-analysis23 
comparing efficacy and acceptability of second-generation 
antidepressants, venlafaxine, escitalopram, and sertraline 
were among the more efficacious agents, but significantly 
more discontinuations for venlafaxine indicated a lower level 
of acceptability. In the present study, although the number of 
AEs reported was greater with levomilnacipran SR relative 
to placebo, the percentage of levomilnacipran SR dropouts 
(20.2%) was numerically lower than that of placebo dropouts 
(24.9%), suggesting good overall tolerability. Mean heart rate 
increase was more common in levomilnacipran SR patients 
than placebo, most likely due to increased noradrenergic 
effects.

The favorable tolerability profile of levomilnacipran SR 
may relate to the 2-fold greater potency for NE reuptake inhi-
bition relative to 5-HT reuptake inhibition. By comparison, 
venlafaxine and duloxetine have markedly stronger preference 
for 5-HT reuptake inhibition, with approximately 30-fold 
and 10-fold greater potency for 5-HT versus NE reuptake 
inhibition, respectively.3 To achieve adequate norepinephrine 
reuptake inhibition, therapeutic doses of these agents need 
to be raised to the level at which potentially excessive sero-
tonin reuptake inhibition may occur; this is associated with 
AEs such as nausea, sexual dysfunction, and discontinuation 
symptoms, which are commonly observed with venlafaxine 
and duloxetine.

Levomilnacipran is the more active enantiomer of 
milnacipran, an SNRI that is approved only for the treat-
ment of fibromyalgia in the United States. On the basis of  
double-blind trials versus placebo, tricyclic antidepressants, 
or SSRIs,24–29 twice-daily milnacipran has shown efficacy in 
major depressive episodes and is approved for the treatment 
of depression in several European countries. Milnacipran 
studies in depression were conducted a decade ago, and no 

Table 3. Summary of Adverse Events (safety population)a

Placebo (n = 279)
Levomilnacipran SR 

(n = 278)
Overall summary
Deaths 0 0
≥ 1 TEAE 180 (64.5) 210 (75.5)
AE leading to discontinuation 18 (6.5) 26 (9.4)
SAE 9 (3.2) 3 (1.1)
Common TEAEsb

Nausea 31 (11.1) 58 (20.9)
Headache 51 (18.3) 64 (23.0)
Dizziness 33 (11.8) 31 (11.2)
Hyperhidrosis 12 (4.3) 40 (14.4)
Dry mouth 14 (5.0) 23 (8.3)
Constipation 4 (1.4) 20 (7.2)
Diarrhea 8 (2.9) 17 (6.1)
Tachycardia 3 (1.1) 19 (6.8)
Palpitations 7 (2.5) 18 (6.5)
Hypertension 6 (2.2) 16 (5.8)
Insomnia 16 (5.7) 15 (5.4)
aValues expressed as n (%) of patients.
bCommon TEAEs occurred in ≥ 5% of either treatment group.
Abbreviations: AE = adverse event, SAE = serious adverse event, 

SR = sustained release, TEAE = treatment-emergent adverse event.
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head-to-head trials have been performed; as such, no valid 
comparison between levomilnacipran SR and milnacipran 
data can be made.

CONCLUSION
This first placebo-controlled study provides robust evi-

dence that levomilnacipran SR had significant efficacy across 
all evaluated parameters and a good safety and tolerability 
profile. These results suggest that levomilnacipran SR will 
be a welcome addition to the antidepressant armamen-
tarium. Further studies to support the present findings are 
ongoing.
Drug names: diazepam (Diastat, Valium, and others), duloxetine (Cymbalta), 
escitalopram (Lexapro and others), milnacipran (Savella), sertraline (Zoloft 
and others), venlafaxine (Effexor and others), zolpidem (Ambien, Edluar,  
and others).
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