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Background: Levomilnacipran extended release (ER) is a serotonin and norepinephrine reuptake

inhibitor approved formajor depressivedisorder (MDD) in adults. This studywasdesigned toeval-

uate relapse prevention with levomilnacipran ER in patients withMDD.

Methods: Patients (≥18 years) with MDD (N = 644) received 20 weeks of open-label treatment

with levomilnacipran ER 40, 80, or 120 mg/d (8 weeks flexible dosing; 12 weeks fixed dosing).

Patients with aMontgomery–Åsberg Depression Rating Scale (MADRS) total score≤12 from the

end of week 8 to week 20 were randomized to 26 weeks of double-blind treatment with levom-

ilnacipran ER (same dosage; n = 165) or placebo (n = 159). The primary efficacy endpoint was

time to relapse, defined as insufficient therapeutic response (≥2-point increase from randomiza-

tion in Clinical Global Impression of Severity score, risk of suicide, need for hospitalization due to

worsening of depression, or need for alternative antidepressant treatment as determined by the

investigator) or anMADRS total score≥18 at 2 consecutive visits.

Results: In the double-blind intent-to-treat population, levomilnacipran ER-treated patients had a

significantly longer time to relapse compared with placebo (hazard ratio = 0.56; 95% CI, 0.33–

0.92; P = 0.0212). Crude relapse rates were 14.5% (levomilnacipran ER) and 24.5% (placebo).

Double-blind treatment-emergent adverse events (AEs) were reported for 58.8% and 56.0% of

levomilnacipran ER and placebo patients, respectively; 3.0% and 1.3% discontinued due to AEs,

and 1.2% and 0.6% had serious AEs, respectively.

Conclusion: Levomilnacipran ER (40–120 mg/d) was effective in preventing relapse in patients

withMDD. Safety and tolerability results were consistent with levomilnacipran ER acute studies.
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1 INTRODUCTION

The majority of patients with major depressive disorder (MDD) have

more than one major depressive episode, and at least 50% of patients

who experience one episode are likely to experience another (APA,

2010; Kessler &Walters, 1998; Kessler, Zhao, Blazer, & Swartz, 1997).

A higher number of previous episodes (Berwian, Walter, Seifritz, &

Huys, 2017; Kendler, Thornton, & Gardner, 2000), more residual

symptoms (Berwian et al., 2017; Nierenberg et al., 2010), and failure
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to reach remission after acute antidepressant treatment (APA, 2010;

Rush et al., 2006) are associated with a greater risk of relapse, defined

as the return of depression symptoms during an index episode. In addi-

tion, the STAR*D trial showed that themore acute treatment regimens

a patient requires, the higher the risk of relapse (Rush et al., 2006).

Antidepressants are effective in decreasing depressive symptoms

and reducing the risk of relapse in patients with MDD (Geddes et al.,

2003; Glue, Donovan, Kolluri, & Emir, 2010; Sim, Lau, Sim, Sum,

& Baldessarini, 2015). Clinical guidelines recommend an additional
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4 to 9 months of antidepressant treatment after initial response is

achieved and at least 3 years of continual treatment for maintenance

therapy, especially in patients who experience recurrent MDD (APA,

2010; Bauer et al., 2015).Meta-analyses of relapse-prevention studies

demonstrated that longer initial and continuation treatment resulted

in lower rates of relapse for antidepressants compared with placebo

(Geddes et al., 2003; Glue et al., 2010; Sim et al., 2015). Continual

antidepressant treatment has also been shown to reduce the risk of

relapse by 70% relative to placebo (Geddes et al., 2003; Kaymaz, van

Os, Loonen, & Nolen, 2008). However, no medication is effective in all

patients, and relapse prevention is an area of unmet need (Stahl, Grady,

Moret, & Briley, 2005).

Levomilnacipran extended release (ER) is a serotonin and nore-

pinephrine reuptake inhibitor (SNRI) approved in the United States

for the treatment of MDD in adults. Levomilnacipran ER efficacy has

been evaluated in five short-term, randomized, placebo-controlled

trials (Asnis, Bose, Gommoll, Chen, & Greenberg, 2013; Bakish et al.,

2014; Gommoll, Greenberg, & Chen, 2014; Montgomery et al., 2013;

Sambunaris et al., 2014). Four of these trials demonstrated statistically

significant improvements versus placebo in the primary efficacy

endpoint, change from baseline in Montgomery–Åsberg Depression

Rating Scale (MADRS; Montgomery & Asberg, 1979) total score

(Asnis et al., 2013; Bakish et al., 2014; Montgomery et al., 2013;

Sambunaris et al., 2014), while one study had numerically greater

improvement with levomilnacipran ER versus placebo (Gommoll

et al., 2014). Long-term safety of levomilnacipran ER (40–120 mg/d)

was demonstrated in a 48-week, open-label extension study and

a previous 24-week levomilnacipran ER (40–120 mg/d) relapse-

prevention study (Mago, Forero, Greenberg, Gommoll, & Chen, 2013;

Shiovitz, Greenberg, Chen, Forero, & Gommoll, 2014). The current

study was designed to evaluate the efficacy, safety, and tolerabil-

ity of levomilnacipran ER in preventing relapse in adult patients

withMDD.

2 MATERIALS AND METHODS

2.1 Study design

This was a multicenter, randomized, double-blind, placebo-controlled,

relapse-prevention study with levomilnacipran ER in patients with

MDD (NCT02288325). The study was conducted from 2014 to 2016

at 44 study centers in the United States in full compliance with the

International Council on Harmonisation guideline for Good Clinical

Practice and the principles of the Declaration of Helsinki. The proto-

col and amendments were approved by the institutional review board

at each study center, and all patients provided written informed con-

sent. This study was up to 53 weeks in duration and consisted of

washout/screening; an open-label, flexible-dose, run-in phase (RIP); an

open-label, fixed-dose, stabilization phase (SP); a double-blind treat-

ment phase; and down-taper (Figure 1). A 12-week, open-label SP is

required by the US Food and Drug Administration (FDA) to consoli-

date treatment response after the initial run-in open-label treatment

period.

2.2 Participants

The study included male and female outpatients (≥18 to ≤70 years)

who met the following eligibility criteria: Diagnostic and Statistical

Manual of Mental Disorders, Fifth Edition (DSM-5) criteria for MDD

(APA, 2013), confirmedby aMini InternationalNeuropsychiatric Inter-

view; ongoing major depressive episode (duration ≥8 weeks to ≤18

months); ≥3 lifetime depressive episodes (including current episode),

with 2 episodes (including current) occurring within the past 5 years;

MADRS total score ≥26; and body mass index between ≥18 and

≤40 kg/m2.

Patients who met any of the following criteria were excluded from

study participation: DSM-5 Axis I diagnosis of a disorder other than

MDD within 6 months of screening (secondary diagnoses of comor-

bid generalized anxiety disorder, social anxiety disorder, and/or spe-

cific phobias were allowed); history of mania, psychotic disorder, panic

disorder, obsessive–compulsive disorder, bulimia or anorexia nervosa

(past 5 years), borderline or antisocial personality disorder, or neu-

rocognitive disorder; alcohol or other substance abuse disorder (past

6 months); nonresponse to adequate treatment with ≥2 antidepres-

sants (i.e., 8-week duration at recommended dose) during the current

episode; and suicide risk defined as suicide attempt (past 12 months),

MADRS Item 10 score ≥5, or determined by the investigator based

on the psychiatric interview or information collected in the Columbia-

Suicide Severity Rating Scale (C-SSRS; Posner et al., 2011). Concomi-

tant treatment with psychoactive medications was prohibited, except

for medications for insomnia.

2.3 Treatment, randomization, and blinding

During the 8-week, open-label RIP, levomilnacipran ER was titrated to

a dose of 40, 80, or 120 mg/d based on tolerability and response to

treatment. Patients started at 20 mg/d, and the dosage was increased

to 40 mg/d after 2 days. The dosage could be increased to 120 mg/d

or decreased in 40-mg increments up to the end of week 6 based on

investigator judgment and dose-limiting adverse events (AEs). Patients

who completed the RIP with an MADRS total score ≤12, a threshold

frequently used to define remission, and no tolerability issues entered

the 12-week, open-label SP taking the same levomilnacipran ER dose;

no dose adjustments were allowed. Patients who completed the SP

and met the following randomization criteria were allowed to enter

double-blind treatment: stable clinical response (MADRS total score

≤12 at weeks 8, 10, 12, 14, 16, 18, and 20; 1 or 2 modest excursions

[i.e.,MADRS total score> 12 but≤16] atweeks 10, 12, or 14were per-

mitted); no significant tolerability issues as determined by the investi-

gator; and noMADRS total score≥17 at any time during the SP. During

the 26-week double-blind treatment, eligible patients were random-

ized (1:1) to placebo or levomilnacipran ER at the dose received during

the SP. Randomization codes were generated electronically and imple-

mented using an interactive web response system; identical packag-

ing was used for all study medications. All patients, investigators, and

the study sponsorwere blinded to treatment assignment. Breaking the

blind at the study center level disqualified the patient from further

study participation. During the study, however, it was not necessary to

unblind any treatment code.
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F IGURE 1 Study design.
aPatients remained on their final effective and tolerated open-label levomilnacipran ER dose; patients randomized to placebowere down-tapered
from the levomilnacipran ER dose they received in open-label treatment.
bIncludes patients completing double-blind treatment or prematurely discontinuing from the study.
cDuring the run-in phase, dose adjustments were allowed up to week 6.
dDuring the stabilization phase, no dose adjustments were allowed

2.4 Efficacy assessments

The primary efficacy parameter was time to first relapse during the

double-blind treatment phase. Relapse was defined as meeting one or

more of the following criteria: insufficient therapeutic response (e.g.,

≥2-point increase from randomization in Clinical Global Impression

of Severity [CGI-S] (Guy, 1976) score, investigator-determined risk

of suicide, need for hospitalization due to worsening of depression,

investigator-determined need for alternative antidepressant treat-

ment) or anMADRS total score≥18at two consecutive visits occurring

within 7 to 14 days.

Additional efficacy parameters included CGI-Improvement (CGI-

I; Guy, 1976) score relative to open-label baseline and changes from

baseline or randomization in MADRS total score, CGI-S score, and

Sheehan Disability Scale (SDS; Sheehan, Harnett-Sheehan, & Raj,

1996) total and subscale (work/school, social, and family) scores.

2.5 Safety assessments

AEs, serious AEs (SAEs), and vital signs were recorded at all study

visits. Clinical laboratory tests and electrocardiograms were adminis-

tered during screening, at randomization, and at the end of double-

blind treatment. The C-SSRS was administered at all study visits to

monitor suicidal ideation or behavior.

2.6 Statistical analyses

Sample size and power calculations were based on historical relapse

data, with assumed relapse rates at the end of double-blind treat-

ment of 30% in the placebo group and 15% in the levomilnacipran ER

group, and a common discontinuation rate of 20% for both groups. It

was estimated that 308 randomized patients (154 per group) would

be needed for 85% power to detect a difference in the time to relapse

between levomilnacipran ER and placebo using the log-rank test at the

0.05 significance level. To attain 308 randomized patients, it was esti-

mated that approximately 640 patients would be needed for enroll-

ment, based on an assumption that response rates during the RIP and

the SPwould be 65% and 75%, respectively.

For each treatment phase, the safety population included all eligi-

ble patients who received ≥1 dose of open-label levomilnacipran ER

(open-label phase) or double-blind medication. Efficacy analyses used

the intent-to-treat (ITT) population, defined for each treatment phase

as patients in safety population who had ≥1 available postbaseline

(open-label) or postrandomization (double-blind)MADRS assessment.

The primary efficacy parameter, time to relapse, was analyzed using

the log-rank test with estimates of the hazard ratio and 95% confi-

dence interval (CI) based on the Cox proportional hazards model with

treatment group as an explanatory variable. Patients who did notmeet

any relapse criteria were censored at study completion or upon early

discontinuation for any reason other than relapse. The cumulative dis-

tribution function of time to relapse was characterized using Kaplan–

Meier curves.

To additionally evaluate factors that may have affected time to

relapse, post hoc analyses were conducted. To assess the possibil-

ity that the presence of a secondary anxiety disorder (agoraphobia

without history of panic disorder, generalized anxiety disorder, or

social anxiety disorder) may have confounded time to relapse, Kaplan–

Meier estimates were generated excluding patients with these sec-

ondary diagnoses. Additionally, the potential forwithdrawal symptoms

to affect results during the first 28 days after randomization was eval-

uated by a Kaplan–Meier analysis, in which all relapses during the first

28 days after randomization were considered censored. P values were

determined by the log-rank test.

For all additional efficacy parameters, between-group differences

were analyzed using an analysis of covariance model with treatment

group and pooled study center as factors and the baseline value as the

covariate; missing values were imputed using a last observation car-

ried forward (LOCF) approach. All analyseswere two-sided hypothesis

tests performed at the 5% level of significance.

Safety parameters were summarized descriptively using the safety

populations. AEswere classified as treatment-emergentAEs (TEAEs) if
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F IGURE 2 Patient disposition. All 644 patients who entered the RIP received≥1 dose of open-label treatment andwere included in the
open-label safety population. All 324 randomized patients received≥1 dose of double-blind treatment andwere included in the double-blind
safety population. Patients meeting one or more of the relapse criteria were considered to have completed double-blind treatment. ER, extended
release; RIP, run-in phase; SP, stabilization phase

they were not present before the first dose of open-label treatment or

if they increased in severity during open-label treatment or thereafter.

AEs were classified as newly emergent AEs (NEAEs) if they were not

present before the first dose of double-blind treatment or if they

increased in severity during double-blind treatment.

3 RESULTS

3.1 Patient disposition

Patient disposition and reasons for study withdrawal are presented in

Figure 2. A total of 644patients entered theRIP, and499patients com-

pleted (77.5%). A total of 429 patients entered the SP, and 331 (77.2%)

patients completed. The most common reasons for open-label discon-

tinuation were AE (RIP), and withdrawal of consent and lack of effi-

cacy (SP). A total of 324 patients entered double-blind treatment (159

placebo, 165 levomilnacipran ER); 274 (84.6%) completed the study.

There was no significant between-group difference for any reason for

premature discontinuation. Patient characteristics in the double-blind

safety population were generally similar between treatment groups

and consistent with characteristics in the open-label safety population

(Table 1).

3.2 Primary efficacy

Time to relapse was significantly longer in patients continuing on

levomilnacipran ER compared with patients on placebo (P = 0.0212;

Figure3).Overall, relapse occurred in24.5% (39/159) of patients in the

placebo group and 14.5% (24/165) of patients in the levomilnacipran

ER group. The hazard ratio (HR) of relapse in the levomilnacipran ER

group was approximately half that of the placebo group (HR [95%

CI] = 0.56 [0.33–0.92]). The most common reason for relapse was

insufficient therapeutic response defined as a ≥2-point increase

from randomization in CGI-S score (placebo: 79.5% [31/39]; levom-

ilnacipran ER: 70.8% [17/24]). The need for alternative treatment or

MADRS total score ≥18 at two consecutive visits was the reason for

relapse of eight patients in the placebo group and seven patients in

the levomilnacipran ER group. Among patients who terminated early,

two placebo patients (noncompliance = 1, withdrawal of consent = 1)

had an MADRS total score ≥18 as their last recorded score (last

visit) but discontinued before their confirmation visit. No patients in

either treatment group relapsed due to suicide risk or hospitaliza-

tion for worsening of depression. Relapse rates began to diverge at

approximately week 4.

Post hoc analyses found that the time to relapse remained sta-

tistically significant in favor of levomilnacipran ER versus placebo



DURGAM ET AL. 229

TABLE 1 Patient characteristics at open-label (RIP) and double-blind baseline (safety populations)

Open-label Double-blind

Levomilnacipran ER Placebo Levomilnacipran ER

n= 644 n= 159 n= 165

Demographics

Age, years, mean (SD) 43.1 (13.9) 46.2 (13.3) 44.6 (13.6)

Female, n (%) 404 (62.7) 104 (65.4) 114 (69.1)

White, n (%) 459 (71.3) 123 (77.4) 114 (69.1)

Black/African-American, n (%) 144 (22.4) 25 (15.7) 40 (24.2)

BMI, kg/m2, mean (SD) 28.8 (5.9) 29.7 (5.9) 28.8 (5.6)

Psychiatric history

Age at onset, years, mean (SD) 26.6 (13.3) 28.1 (12.9) 27.0 (13.7)

Number of lifetime episodes, mean (SD) 5.1 (3.8) 5.3 (4.6) 5.1 (3.8)

Duration of current episode, months, mean (SD) 7.1 (4.5) 6.7 (4.2) 7.0 (4.5)

Prior suicide attempt, n (%) 102 (15.8) 18 (11.3) 30 (18.2)

Antidepressant history, n (%)

Prior antidepressant treatment 466 (72.4) 126 (79.2) 125 (75.8)

Nonresponse to treatment 300 (46.6) 87 (54.7) 77 (46.7)

Intolerant to treatment 83 (12.9) 21 (13.2) 21 (12.7)

BMI, bodymass index; ER, extended release; RIP, run-in phase; SD, standard deviation.

F IGURE 3 Cumulative rate of relapse
(double-blind ITT population). The 25th percentile
for time to relapse was 168 days in the placebo
group andwas not able to be estimated for the
levomilnacipran ER group using the Kaplan–Meier
method. ER, extended release; ITT, intent-to-treat

when patients with secondary anxiety disorders (levomilnacipran

ER = 18 patients; placebo = 14 patients) were excluded from analysis

(P = 0.0171). When evaluating whether early relapse events were

related to withdrawal symptoms, it was noted that rates of relapse

were low and similar (∼5%) for both levomilnacipran ER- and placebo-

treatment arms in the first few weeks following randomization (Fig-

ure 3). Post hoc Kaplan–Meier analysis found that when all relapses

during the first 28 days after randomization (i.e., when withdrawal

events were likely to occur) were considered censored, the significant

benefit of levomilnacipran ER versus placebo in prolonging time to

relapse during double-blind treatment wasmaintained (P= 0.0140).

3.3 Additional efficacy

At the end of open-label treatmentwith levomilnacipran ER, decreases

(improvement) were observed in MADRS total score, CGI-S score,

SDS total score, and SDS subscale scores (Table 2). At the end of the

26-week double-blind treatment phase, greater worsening of rat-

ing scale scores was noted in the placebo group relative to the

levomilnacipran ER group on all additional efficacy measures. The

treatment group differences were statistically significant using LOCF

analyses (P< 0.05, all outcomes).

3.4 Safety

3.4.1 Extent of exposure

Mean treatment duration during the open-label phase (RIP + SP)

was 100.1 days; median duration was 138 days (range, 1–148 days).

Patients who continued receiving levomilnacipran ER during the

double-blind phase had a mean treatment duration of 150.4 days

during double-blind treatment; median duration was 182 days (range,
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TABLE 2 Additional efficacy parameters (LOCF; ITT populations)

Open-label Double-blind

Levomilnacipran ER Placebo Levomilnacipran ER

n
Baseline
(SD)

Mean changea

(SD) n
Baseline
(SD)

LSmean
changeb (SE) n

Baseline
(SD)

LSmean
changeb (SE)

LSMD vs. placebo
(95%CI)

MADRS total score 641 32.2 (4.1) −20.5 (10.5) 159 4.7 (3.6) +5.3 (0.8) 165 4.9 (3.5) +3.0 (0.8) −2.3 (−4.3,−0.4)*

CGI-S score 641 4.6 (0.6) −2.2 (1.4) 159 1.5 (0.7) +0.6 (0.1) 165 1.5 (0.7) +0.3 (0.1) −0.3 (−0.5,−0.1)*

SDS total score 482 19.0 (5.2) −12.0 (8.3) 142 2.9 (3.8) +2.1 (0.5) 145 2.9 (4.4) +0.3 (0.5) −1.8 (−3.1,−0.4)**

SDSwork/school
subscale score

482 5.8 (2.4) −3.6 (3.2) 142 0.9 (1.4) +0.8 (0.2) 145 0.9 (1.6) +0.1 (0.2) −0.7 (−1.1,−0.2)**

SDS social life
subscale score

625 7.0 (2.0) −4.4 (3.2) 159 1.1 (1.6) +0.8 (0.2) 164 1.1 (1.6) +0.3 (0.2) −0.5 (−1.0,−0.0)*

SDS family life
subscale score

625 6.4 (2.0) −4.0 (3.2) 159 0.9 (1.4) +1.0 (0.2) 164 0.8 (1.4) +0.4 (0.2) −0.6 (−1.1,−0.1)**

n
Mean score (SE) at
end of treatment n

Mean score (SE) at
end of treatment n

Mean score (SE) at
end of treatment

LSMD vs. placebo
(95%CI)

CGI-I score at end of
treatment, mean (SE)

641 1.9 (1.1) 159 1.8 (0.1) 165 1.5 (0.1) −0.3 (−0.5, 0.1)*

*P< 0.05; **P< 0.01, levomilnacipran ER versus placebo during double-blind treatment.
aAt the end of the open-label phase.
bAt the end of the double-blind phase.
CGI-I, Clinical Global Impressions-Improvement; CGI-S, CGI-Severity; CI, confidence interval; ER, extended release; ITT, intent-to-treat; LOCF, last obser-
vation carried forward; LS, least squares; LSMD, LS mean difference; MADRS, Montgomery–Åsberg Depression Rating Scale; SD, standard deviation;
SDS, SheehanDisability Scale; SE, standard error.

4–193 days). Of note, due to various factors during the study (e.g.,

study visit dates that differed from targeted dates), the actual dura-

tion of open-label treatment differed slightly from the duration of

treatment that was designed for the trial (140 days [20 weeks]).

However, given the low proportion of relapses during double-blind

treatment, the actual median duration of double-blind treatment and

the designed double-blind duration of treatment were the same.

3.4.2 Adverse events

No deaths occurred during the study. During the open-label treatment

period, TEAEs were reported in 85.9% (553/644) of patients (Table 3).

TEAEs reported in ≥10% of patients were nausea, headache, heart

rate increased, and constipation. Most events (> 95%) were mild or

moderate in severity. SAEs were reported in 9 patients; no preferred

term for an SAE was reported in > 1 patient. Only one SAE (severe

mania during the RIP) was considered related to levomilnacipran ER.

AEs that led to premature discontinuation in> 2 patients were nausea

(n= 11), headache (n= 6), anxiety and tachycardia (n= 4 each), erectile

dysfunction and testicular pain (n = 3 each [male patients only]), and

hyperhidrosis (n= 3).

The incidence of TEAEs in the double-blind safety population was

56.0% and 58.8% with placebo and levomilnacipran ER, respectively.

TheonlyTEAE reported in≥5%of levomilnacipranER-treatedpatients

and at twice the rate of placebo was nausea (7.9% vs. 3.1%, respec-

tively). The incidence of nausea reported as aNEAEwas 1.9%and4.2%

withplaceboand levomilnacipranER, respectively. SAEswere reported

in one patient in the placebo group (suspected overdose Tylenol PM)

and two patients in the levomilnacipran ER group (transient ischemic

attack [related] and Escherichia pyelonephritis [not related]); all SAEs

resolved. Nausea was the only AE that led to premature discontinu-

ation in > 1 patient (two patients) in the levomilnacipran ER group.

During the double-blind down-taper phase, NEAEs were reported in

7 placebo- and 10 levomilnacipran ER-treated patients; NEAEs were

considered to be treatment-related in one placebo patient and three

levomilnacipran ER patients (diarrhea, headache, initial insomnia, cold

sweat, and hot flush).

3.4.3 C-SSRS assessments

During the open-label treatment phase, C-SSRS-assessed suicidal

ideation and behavior were reported in 180 (28.1%) and 12 (1.9%)

patients, respectively. Suicidal ideation was reported as a TEAE in

two patients. During the double-blind treatment phase, the C-SSRS-

assessed incidence of suicidal ideation was 17.6% and 12.1% in the

placebo and levomilnacipran ER groups, respectively. One event of sui-

cidal ideation was reported as a TEAE during double-blind treatment

period in the placebo group.

3.4.4 Other safety parameters

The mean changes in liver enzyme, metabolic, or hematologic parame-

ters during the open-label or double-blind treatment phases were not

clinically meaningful relative to baseline or placebo, respectively. At

the end of the double-blind treatment phase, patients in the levom-

ilnacipran ER group had greater mean increases relative to placebo

in systolic blood pressure, diastolic blood pressure, and pulse rate

(Table 4). No potentially clinically significant change in blood pressure

or pulse rate occurred in ≥2% of patients in either treatment group.

Weight gain ≥7% from baseline was reported in 3.3% of patients

during open-label treatment and in 10.1% and 13.9% of placebo- and

levomilnacipran ER-treated patients, respectively, during double-

blind treatment. Mean change in heart rate was higher at the end of
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TABLE 3 Adverse events (safety populations)

Open-label Double-blind

Levomilnacipran ER Placebo Levomilnacipran ER

n= 644 n= 159 n= 165

n (%) n (%) n (%)

Any serious AE 9 (1.4) 1 (0.6) 2 (1.2)

Any AE leading to discontinuation 61 (9.5) 2 (1.3) 5 (3.0)

Any TEAE 553 (85.9) 89 (56.0) 97 (58.8)

Newly emergent AEsa NA 82 (51.6) 84 (50.9)

Common TEAEsb

Nausea 174 (27.0) 5 (3.1) 13 (7.9)

Headache 103 (16.0) 12 (7.5) 17 (10.3)

Heart rate increased 71 (11.0) 4 (2.5) 4 (2.4)

Constipation 69 (10.7) 3 (1.9) 3 (1.8)

Hyperhidrosis 57 (8.9) 2 (1.3) 1 (0.6)

Erectile dysfunctionc 19 (7.9) 0 (0.0) 0 (0.0)

Dizziness 50 (7.8) 4 (2.5) 1 (0.6)

Tachycardia 50 (7.8) 3 (1.9) 6 (3.6)

Upper respiratory tract infection 46 (7.1) 10 (6.3) 16 (9.7)

Drymouth 37 (5.7) 2 (1.3) 0 (0.0)

Blood pressure increased 36 (5.6) 3 (1.9) 5 (3.0)

Insomnia 34 (5.3) 2 (1.3) 5 (3.0)

Nasopharyngitis 25 (3.9) 7 (4.4) 11 (6.7)

aA newly emergent AE was an AE that was not present before the first dose of double-blind treatment or that increased in severity during the double-blind
phase.
bReported in≥5% of patients in any treatment group in either the open-label or double-blind treatment period.
cReported inmale patients (n= 240).
AE, adverse event; ER, extended release; NA, not applicable; TEAE, treatment-emergent AE.

double-blind treatment in the levomilnacipran ER group compared

with placebo (Table 4). No patient had >60 msec change in QTcF, a

clinically significant shift from a normal to abnormal ECG reading,

or QTc values >500 msec during double-blind treatment. Changes in

additional ECGparameters over timewere otherwise generally similar.

4 DISCUSSION

Levomilnacipran ER, an SNRI, preferentially inhibits norepinephrine

reuptake at a rate two-fold more than serotonin reuptake, whereas

other SNRIs (i.e., venlafaxine, duloxetine, and desvenlafaxine) pref-

erentially inhibit serotonin over norepinephrine reuptake (Bruno,

Morabito, Spina, & Muscatello, 2016). In patients who respond to

antidepressant treatment, subsequent depletion of norepinephrine in

the brain is correlated with the return of depressive symptoms and

increases the risk of relapse (Moret & Briley, 2011). Thus, levomil-

nacipran ER has the potential to be an effective antidepressant for

maintenance treatment andpreventionof relapse in patientswhohave

responded to acute treatment.

In this relapse-prevention study in adult patients with MDD,

patients who responded to 20 weeks of open-label treatment

with levomilnacipran ER were randomized to 26 weeks of double-

blind treatment with levomilnacipran ER or placebo. The primary

endpoint, time to relapse, was significantly longer for levomilnacipran

ER-treated patients versus placebo-treated patients. The risk of

relapse in patients in the placebo group was approximately twice

that in the levomilnacipran group. The relapse rate was 14.5% in the

levomilnacipran ER group compared with 24.5% in the placebo group,

yielding an absolute difference of 10 points. At the end of treatment,

increases in MADRS total score, CGI-S score, SDS total, and subscale

scores were significantly greater in the placebo group than in the

levomilnacipran ER group; mean CGI-I scores decreased significantly

less for placebo- versus levomilnacipran ER-treated patients. Collec-

tively, these changes suggest that patients who switched to placebo

at randomization had greater worsening of depressive symptoms and

functional impairment compared with those who continued treatment

with levomilnacipran ER.

Because a randomized withdrawal study design was used in this

relapse-prevention trial, there is a potential that the higher rate of

relapse in the placebo arm may have been due to withdrawal symp-

toms as opposed to true relapse events. If this were so, an excess of

relapse events would be expected in the placebo arm during the first

fewweeksof treatmentwhenwithdrawal symptomsare likely tooccur.

On the contrary, our study found low and similar rates of relapse in lev-

omilnacipran ER- and placebo-treated patients in the first few weeks

of treatment, which suggests that withdrawal events were not an

issue for placebo-treated patients. Further, a post hoc Kaplan–Meier
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TABLE 4 Changes in vital signs and electrocardiographic
parameters during double-blind treatment (safety population)

Placebo
Levomilnacipran
ER

Mean (SD) Mean (SD)

Vital sign parameters n= 159 n= 165

Supine systolic blood pressure, mmHg

Baseline 119.6 (12.0) 118.5 (11.4)

Change at EOT 2.0 (11.0) 5.0 (12.5)

Supine diastolic blood pressure, mmHg

Baseline 75.6 (8.6) 74.3 (8.0)

Change at EOT 0.8 (8.3) 3.9 (8.1)

Supine pulse rate, bpm

Baseline 70.1 (10.9) 72.2 (10.6)

Change at EOT 1.8 (9.6) 7.1 (10.8)

Electrocardiogram
parameters n= 157 n= 163

Heart rate, bpm

Baseline 66.4 (10.7) 65.9 (10.1)

Change at EOT 3.9 (9.9) 11.7 (10.8)

PR interval, msec

Baseline 159.1 (21.8) 157.7 (23.1)

Change at EOT −2.7 (13.5) −6.2 (15.1)

QRS interval, msec

Baseline 89.2 (9.9) 90.4 (12.5)

Change at EOT −0.4 (8.3) −1.3 (7.4)

QT interval, msec

Baseline 394.1 (29.3) 393.0 (30.7)

Change at EOT −9.1 (22.7) −21.7 (23.6)

QTcB, msec

Baseline 412.3 (21.4) 410.0 (24.7)

Change at EOT 2.1 (16.0) 9.3 (19.2)

QTcF, msec

Baseline 405.7 (18.9) 403.8 (22.4)

Change at EOT −1.8 (13.1) −1.6 (16.3)

RR interval, msec

Baseline 920.8 (152.2) 925.3 (145.7)

Change at EOT −51.5 (124.9) −133.5 (120.9)

n = number of patients with available analysis value at both baseline and
a specific time point during double-blind treatment or double-blind down-
taper in the double-blind safety population.
EOT, end of double-blind treatment; QTcB, QT interval corrected for heart
rate using the Bazett formula; QTcF, QT interval corrected for heart rate
using the Fridericia formula.

analysis of time to relapse in which relapse events were considered

censored during the first 28 days found that the significant advantage

for levomilnacipran ER over placebo in improving time to relapse was

maintained.

Relapse prevention with antidepressant treatment was evaluated

in meta-analyses of 31 trials (Geddes et al., 2003) and 15 clinical tri-

als using data submitted to the FDA between 1987 and 2012 (Borges

et al., 2014). The relapse rates for levomilnacipran ER and placebo in

the current study were lower than the average rates reported in the

meta-analyses. These meta-analyses yielded relapse rates of 18% for

antidepressant treatment and relapse rates of 37% to 41% for placebo,

with absolute drug–placebo differences in rates ranging from 10 to

31 points. Many of the trials included in the analyses by Geddes et al.

(2003) were conducted in secondary care settings in patients at a high

risk of relapse. These analyses found no notable impact of total dura-

tion of treatment prior to randomization, which may be related to a

wide variance in prerandomization treatment duration in the included

studies (i.e., as short as 6 weeks to greater than 1 year). Additionally,

the studies included in the Geddes et al. (2003) meta-analysis did not

routinely include a fixed-dose stabilization period following response

to flexible-dose acute treatment, which is a recent requirement by

FDA's Division of Psychiatry Products (Borges et al., 2014).

A prior relapse-prevention study in levomilnacipran ER 40–120mg

was conducted before this positive study; it included a 12-week

flexible-dose open-label phase followed by a 24-week double-blind

phase in which patients who responded to open-label treatment were

randomized to continued levomilnacipranERor placebo (Shiovitz et al.,

2014). Although analysis of relapse rates showed that the time to

relapse was slower for levomilnacipran ER than for placebo, the treat-

ment effect was not statistically significant for the primary parameter,

time to relapse (HR= 0.68; relapse rates: levomilnacipran ER= 13.9%,

placebo = 20.5%). Of note, actual relapse rates were lower than

the anticipated rates in the statistical analysis plan (levomilnacipran

ER = 20%; placebo = 38%), compromising the projected power to

demonstrate adifferencebetweengroups.Given the reducedpower to

detect a significant treatment effect, as well as the low placebo relapse

rate, this may more likely be characterized as a failed study than as

a negative one. Additionally, the results of the first levomilnacipran

ER relapse-prevention study are inconsistent with relapse-prevention

outcomes reported in the literature for trials of other SNRIs versus

placebo (e.g., venlafaxine, 28% vs. 52%; desvenlafaxine, 24% vs. 42%;

duloxetine, 21.9% vs. 43.1%; Perahia et al., 2006; Rickels et al., 2010;

Simon, Aguiar, Kunz, & Lei, 2004).

Unlike theprior levomilnacipranER relapse study that includedonly

12 weeks of open-label treatment, the present study included an 8-

week run-in period followed by a 12-week SP for patients who had

achieved clinical stability, for a total of 20 weeks of open-label treat-

ment. Additional differences in study design included increased min-

imum baseline depression severity criteria (MADRS total score ≥22

in the first study to ≥26 in this study), less stringent response and

relapse criteria that more closely conform to clinical practice, and a

1:1 ratio of patients randomized to placebo and levomilnacipran ER.

Results showed that the relapse rates for levomilnacipran ER were

similar in the current (14.5%) and previous (13.9%) studies (Shiovitz

et al., 2014), while the rates for placebo were higher in the current

study (24.5%) than in the previous one (20.5%). Of additional note,

the relapse rates observed in the current study were similar to those

reported in recently completed studies with desvenlafaxine versus

placebo (13.6% vs. 28.3%; Rosenthal, Boyer, Vialet, Hwang, & Tourian,

2013) and vortioxetine versus placebo (13% vs. 26%; Boulenger, Loft,

& Florea, 2012).
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Long-term treatment with levomilnacipran ER was generally well

tolerated; no new or unexpected TEAEs were reported. The most

common TEAEs in the open-label phase appear to have been transient

with lower incidences in the double-blind phase. The overall safety

profile of levomilnacipran ERwas consistent with the completed acute

(Asnis et al., 2013; Bakish et al., 2014; Gommoll et al., 2014; Mont-

gomery et al., 2013; Sambunaris et al., 2014) and long-term (Mago

et al., 2013) levomilnacipran ER studies; nausea is one of the most

commonly reported TEAEs in both short-term and long-term trials.

The percentage of patients reporting increased heart rate as a TEAE

declined between randomization and end of double-blind treatment.

Given the long open-label treatment period, including the 12-week

SP, a study of longer duration may have enabled us to observe more

relapse events; however, because this patient population had charac-

teristics that made relapse likely (e.g., high baseline MADRS and SDS

scores, average of 5 prior depressive episodes, suicide history), enough

events were observed to determine that levomilnacipran ER is effec-

tive in preventing relapse. Additionally, although the initial phases of

the study were open-label, which could be considered a limitation,

they may have provided some descriptive measures of drug effective-

ness; the double-blind phase did not include an active comparator.

Further, because the dose of levomilnacipran ER was optimized for

each patient, no conclusions can be drawn about specific doses. Other

limitations of this study included the lack of ability to generalize to

a broader patient population because of the strict eligibility criteria,

including the exclusion of patientswith comorbid psychiatric disorders

or a history of a nonresponse to antidepressant treatment. Also, while

anMADRS score≥18 is a common and appropriate criterion for deter-

mining relapse, this high cutoff score may have lacked the sensitivity

to fully detect relapse in this study given the low (∼5) mean MADRS

baseline score at randomization.

5 CONCLUSIONS

Levomilnacipran ER (40–120mg/d)was effective in preventing relapse

in patients with MDD who responded to acute treatment. Long-term

treatment with levomilnacipran ER was generally safe and well toler-

ated, and side effectswere consistentwith those found in shorter stud-

ies.
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