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Executive Summary:  

· Levomilnacipran (Fetzima®) is a serotonin and norepinephrine reuptake inhibitor (SNRI) for the treatment of major depressive disorder (MDD) in adults, which was approved by the FDA on July 26th 2013
· Levomilnacipran is the more active 1S, 2R enantiomer of the SNRI milnacipran which is a racemic mixture of the 1S, 2R and 1R, 2S enantiomers. Unlike milnacipran, levomilnacipran is not FDA approved for the treatment of fibromyalgia
· There are no head-to-head trials comparing levomilnacipran to other antidepressants for use in MDD  

· The VA National Formulary currently contains one SNRI, venlafaxine, which is available in immediate release (IR) and extended release (ER) formulations 
· In biochemical, neurochemical, and pharmacological assays, levomilnacipran exhibited high affinity for norepinephrine (NE) transporters and potently inhibited NE reuptake in vitro. It had 2-fold greater potency for NE relative to serotonin (5-HT) reuptake inhibition and 17 and 27 times higher selectivity for NE reuptake inhibition compared with the SNRIs venlafaxine and duloxetine respectively.
· Levomilnacipran is available as a 20, 40, 80 and 120 mg extended release capsules.
· The recommended dose for levomilnacipran for MDD is an initial dose of 20 mg once daily for 2 days, followed by 40 mg once daily. The maximum recommended daily dose is 120 mg.  
· Three phase III, placebo-controlled clinical trials  established levomilnacipran ’s efficacy  for the treatment of MDD

· In a long-term safety trial of 48 weeks, the most commonly reported adverse events that were related to drug treatment were headache (14.1%), nausea (12.1%), hyperhidrosis (10.4%), tachycardia (7.6%), and constipation (7.4%)

· In the same trials, serious adverse events (SAEs) resulted in study discontinuation in 13 (2%) of patients. 
· Levomilnacipran was generally well tolerated and had a side effect profile similar to other SNRIs thus it warrants monitoring of blood pressure and should be used with caution in individuals with pre-existing hypertension

· Levomilnacipran is contraindicated in patients with established hypersensitivity to milnacipran or any excipients in the formulation and also use within 14 days of a monoamine oxidase inhibitor (MAOI) or with concurrent use of linezolid or IV methylene blue
Introduction1-2
Levomilnacipran is a serotonin and norepinephrine reuptake inhibitor (SNRI) indicated for the treatment of major depressive disorder (MDD) in adults. This medication is the 1S, 2R enantiomer of milnacipran, another SNRI. In vitro studies of levomilnacipran have shown that this agent has approximately 2-fold greater potency for norepinephrine relative to serotonin reuptake inhibition.  Levomilnacipran was approved by the FDA in July of 2013. The purposes of this monograph are to: (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating levomilnacipran for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA. 
Mechanism of Action: 1-6
Levomilnacipran is the 1S, 2R enantiomer of milnacipran. Its mechanism of action appears to be similar to the other SNRIs venlafaxine, desvenlafaxine, duloxetine, and milnacipran in that it prevents the reuptake of serotonin and norepinephrine, increasing the concentration and time in the synapse. Its affinity for norepinephrine and serotonin is higher than all the other SNRIs except for duloxetine (Table 1).  Levomilnacipran did not exhibit affinity (Ki ≥ 10 μM) for any of the other 23 receptor targets tested (i.e. dopamine, histamine, muscarinic-cholinergic, or alpha1-adrenergic).  
An in-vitro study found that levomilnacipran‘s reuptake inhibition of both norepinephrine and serotonin occurred in a concentration dependent manner. In contrast, venlafaxine’s reuptake inhibition of serotonin occurs at all doses but its inhibition of norepinephrine is concentration dependent and does not significantly occur until doses exceed 150-225 mg/day. Similarly, studies have shown that duloxetine inhibits reuptake of serotonin at all doses but inhibition of norepinephrine does not occur until doses of 60 mg/day.  Desvenlafaxine’s reuptake inhibition of serotonin and norepinephrine are not dose related.  There is a lack of assay studies to determine the impact of varying milnacipran doses on receptor inhibition.  
It is not clear what the clinical implications of these varying receptor affinities are at this time.  

Table 1. 2-3 Receptor binding affinity constants (Ki, nM) for norepinephrine 

and serotonin for SNRIs *
	Antidepressant
	Norepinephrine
	Serotonin

	Levomilnacipran
	92.2
	11.2

	Milnacipran
	139
	16.9

	Venlafaxine
	>104
	17.9

	Desvenlafaxine
	558.7
	40.2

	Duloxetine
	8.9
	0.2


* All Ki values derived from in vitro studies involving radioligand binding assays utilizing cells expressing the human serotonin transporter or norepinephrine transporter 
Pharmacokinetic properties:1,7-10
The pharmacokinetic properties of levomilnacipran, milnacipran, venlafaxine, and duloxetine are outlined below in Table 2. Levomilnacipran undergoes desethylation to form desethyl levomilnacipran and hydroxylation to form p-hydroxy-levomilnacipran. Both oxidative metabolites undergo conjugation to form glucuronide conjugates. The desethylation is catalyzed primarily by CYP3A4 with minor contribution by CYP2C8, 2C19, 2D6, and 2J2. The primary route of elimination is renal excretion by which approximately 58% of levomilnacipran and its metabolites are eliminated.  Levomilnacipran has similar bioavailability to milnacipran but a longer half-life which allows for once daily dosing. 
Table 2.1,7-10 Pharmacokinetics of levomilnacipran and other SNRIs

	Parameter
	Levomilnacipran
	Milnacipran
	Venlafaxine
	Duloxetine

	Metabolism
	Desethylation and hydroxylation 

CYP3A4 (major)

CYP2C8, 2C19, 2D6, and 2J2 (minor)
	Glucuronidation 
	Extensively

metabolized in the liver

to active and inactive metabolites 

CYP2D6 (major)

Parent equiactive and equipotent to active metabolite 
	Oxidation of the naphthyl ring followed by conjugation and further oxidation

CYP1A2, 2D6 (major)

	Metabolites
	desethyl levomilnacipran and
p-hydroxy-levomilnacipran

(both inactive)
	l-milnacipran carbamoyl-O-glucuronide, 

d-milnacipran carbamoyl-O-glucuronide and 

N-desethyl

milnacipran
	O-desmethylvenlafaxine (ODV)

(active)
N-desmethyl venlafaxine, N,O-didesmethylvenlafaxine,

(inactive) 
	4-hydroxy duloxetine 

glucuronide and

5- hydroxy, 6-methoxy duloxetine sulfate
(both inactive) 

	Elimination
	~58% unchanged in urine

	55% unchanged in urine 24% as 

l-milnacipran and 31% as d-milnacipran)
	87% unchanged in urine
34% active metabolite in urine
	70% in urine as metabolites

20% in feces

	Half-life
	12 hours
	6-8 hours
	3-13 hours
	8-17 hours

	Protein binding
	22%
	13%
	27% venlafaxine
30% active metabolite
	>90%; primarily albumin and α

1- acid glycoprotein

	Vd
	387-473 L
	400 L 
	7.5 L/kg venlafaxine

5.7 L/kg ODV
	1640 L 

	Bioavailability
	92%; not impacted by food
	85-90%; not impacted by food
	45%; not impacted by food
	Well-absorbed; food decreases extent of absorption ~10% but not Cmax

	Time to peak
	6-8 hours
	2-4 hours
	5-9 hours
	6 hours


FDA Approved Indication(s)1 
Levomilnacipran is FDA approved for the treatment of major depressive disorder (MDD). 
Potential Off-label Uses

Levomilnacipran could potentially be used to treat fibromyalgia which is the FDA approved indication for milnacipran. In addition, levomilnacipran may potentially be used for anxiety disorders, bipolar depression, post-traumatic stress disorder, vasomotor symptoms associated with menopause, diabetic peripheral neuropathic pain, and chronic musculoskeletal pain.  
Current VA National Formulary Alternatives

The following SNRIs are alternatives to levomilnacipran on the VA National Formulary:

· Venlafaxine IR
· Venlafaxine ER 

Other alternative agents with FDA approval for MDD on the VA National Formulary:

· Bupropion, citalopram, fluoxetine, paroxetine, sertraline, mirtazapine, trazodone, selegiline transdermal, phenelzine, tranylcypromine, amitriptyline, desipramine, doxepin, imipramine, nortriptyline, aripiprazole (as adjunctive to antidepressant), quetiapine (as adjunctive to antidepressant), and liothyronine (as adjunctive to antidepressant)
Nonformulary SNRIs:

· Desvenlafaxine 
· Duloxetine 

· Milnacipran 
There are no criteria for use for desvenlafaxine, duloxetine, or milnacipran for use in MDD. Only duloxetine has National CFU for use in painful diabetic neuropathy. 
Dosage and Administration1, 17-21
The recommended dose for levomilnacipran for the treatment of MDD is 40 mg to 120 mg once daily. The recommended initial daily dose is 20 mg once daily for 2 days followed by 40 mg once daily. Based on efficacy and tolerability studies, levomilnacipran may then be increased in increments of 40 mg per day at intervals of 2 or more days. After reaching a dose of 40 mg/day phase III clinical studies and one flexible dose extension study increased the dose by 40 mg increments at weekly intervals. The maximum recommended dose is 120 mg once daily. Levomilnacipran can be taken with or without food. The capsules should be taken whole and should not be opened, crushed, or chewed. Treatment duration should be individualized, but should be continued for 4 to 9 months after the patient’s initial response. 

Renal dose adjustments:
Dose adjustment is not recommended in patients with mild renal impairment (creatinine clearance of 60-89 mL/min). For patients with moderate renal impairment (creatinine clearance of 30-59 mL/min), the maintenance dose should not exceed 80 mg once daily. For patients with severe renal impairment (creatinine clearance of 15-29 mL/min), the maintenance dose should not exceed 40 mg once daily. Levomilnacipran is not recommended for patients with end stage renal disease.  In phase III clinical studies, patients with renal impairment (not specifically defined) were excluded. The manufacturer’s package insert does not delineate a specific dose titration schedule for patients with renal impairment. 

Hepatic dose adjustments:

Hepatic elimination of levomilnacipran is minimal therefore dose adjustment is not recommended in subjects with mild (Child-Pugh score of 1-6), moderate (Child-Pugh score of 7-9), or severe (Child-Pugh score of 10-13) hepatic impairment. 

Use of levomilnacipran with strong inhibitors of cytochrome P450 (CYP3A4) enzyme:

The dose should not exceed 80 mg once daily when used in combination with strong inhibitors (e.g. ketoconazole, clarithromycin, ritonavir). 

Elderly dose adjustments:

No dosage adjustment is recommended on the basis of age, however a multiple dose clinical pharmacokinetic study showed that elderly patients (> 65 years) had a slightly higher exposure (Cmax by 24% and AUC by 26%) of levomilnacipran than younger subjects (18-45 years) therefore caution should be advised in using higher doses in these individuals.  Phase III clinical studies included patients aged 18-80 years and reported a mean age of 45 years for included subjects. The studies did not report the percentage of included subjects aged > 65 years or >85 years. 
Other dosage adjustments:

Levomilnacipran may require dose reduction prior to discontinuation to prevent serotonin discontinuation syndrome. No specific dose reduction schedule is provided by the manufacturer. In a 48-week extension study, patients underwent open-label down taper of levomilnacipran from week 48 through week 52 in the following manner: 120 mg/day for 1 week, 80 mg/day for 1 week, 40 mg/day for 1 week, 20 mg/day for 1 week then discontinue.  In addition, phase III studies reported using a 2-week down-taper prior to discontinuation, but did not delineate the specific taper schedule.
Efficacy
Efficacy Measures11-16
Montgomery-Asberg Depression Rating Scale (MADRS): 10-item diagnostic questionnaire designed to measure the severity of depressive episodes. Each item yields a score from 0-6 and the overall score ranges from 0-60.  Response is defined as ≥ 50% decrease in baseline score.  Remission is defined as MADRS total score of ≤ 10. 
· 0-6: normal (depressive symptoms absent)

· 7-19: mild depression

· 20-34: moderate depression

· >34: severe depression 

Sheehan Disability Scale (SDS): A 3-item, self-rated, 10-point visual analog scale which assesses functional impairment in three inter-related domains; work/school, social, and family life.  Response is defined as total score ≤ 12 and ≤ 4 on each item. Remission is defined as total score ≤ 6 and ≤ 2 on each item.
· Scores range from 0 (unimpaired) to 30 (highly impaired)

· Scores of ≥ 5 on any of the three scales are associated with significant functional impairment 
Hamilton Rating Scale for Depression (HAMD17): 17 item questionnaire which rates severity of depression based on mood, feelings of guilt, suicidal ideation, insomnia, agitation, weight changes, and somatic symptoms. 
· Scoring: no depression (0-7); mild depression (8-16); moderate depression (17-23); and severe depression (≥24) 

Clinical Global Impressions Severity Scale (CGI-S): 7- point clinician rated scale that assesses severity of mental illness based on clinician’s past experience with mental illness.
· Scoring: 1 = normal, not at all ill; 2 = borderline mentally ill; 3 = mildly ill; 4 = moderately ill; 5 = markedly ill; 6 = severely ill; or 7 = extremely ill
Clinical Global Impressions Improvement Scale (CGI-I): 7- point clinician-rated scale that assesses how much patient’s illness has improved/worsened relative to their baseline state.
· Scoring: 1 = very much improved; 2 = much improved; 3 = minimally improved; 4 = no change; 5 = minimally worse; 6 = much worse; or 7 = very much worse.
Motivation and Energy Inventory-Short Form (MEI-SF): 27 item questionnaire that assesses physical energy, mental energy, and social motivation. 
Columbia-Suicide Severity Rating Scale (C-SSRS): a suicidal ideation rating scale that rates individuals degree of suicidal ideation on a scale from “wish to be dead” to “active suicidal ideation with specific plan” 
· Scoring: score of 0 (no ideation present) to 5 (active ideation with plan and intent)
Summary of efficacy findings17-23
Safety and efficacy of levomilnacipran were evaluated in four Phase III 8-week randomized, double-blind, placebo-controlled studies at doses of 40 mg to 120 mg once daily in adults aged 18-80 years diagnosed with MDD.  Patients with any other axis I psychiatric disorder were excluded from studies as well as subjects considered treatment refractory (history of nonresponse to adequate treatment with at least 2 antidepressants). In addition, patients with medical conditions such as significant hematologic, endocrine, cardiovascular, respiratory, renal, hepatic, gastrointestinal, or neurologic disease were excluded from clinical studies. This limits generalizability to the VA patient population which often presents with multiple comorbid medical conditions. Among the levomilnacipran treated patients, 1583 received levomilnacipran in short-term, placebo-controlled studies, and 828 patients continued from short-term studies into a 1-year, open-label extension study.  In three of the phase III studies, statistically significant improvement in symptoms of depression occurred across all three levomilnacipran dosage strengths compared with placebo as measured by the MADRS (Table 3.) and SDS scales.  In one flexible dose phase III study, levomilnacipran improved depressive symptoms but did not achieve statistically significant improvement compared to the placebo group. In addition, one relapse prevention study comparing levomilnacipran to placebo showed no statistically significant difference in time to relapse compared to placebo. Long term safety and efficacy was described in one open-label 48 week extension study. 
Table 3.17-20 Summary of Results for the Primary Efficacy Endpoint MADRS
	Study Number
	Treatment Group
	Mean Baseline Score (SD)
	LS Mean Change from Baseline (SE)
	Placebo Subtracted Difference1 (95% CI)

	Gommoll et al.17
 (fixed dose)
	(ER 40Mg/day)*
	30.8 (3.4)
	-14.6 (0.8)
	-3.3 (-5.5, -1.1)

	
	(ER 80Mg/day)*
	31.2 (3.5)
	-14.4 (0.8)
	-3.1 (-5.3, -1.0)

	
	Placebo
	31.0 (3.8)
	-11.3 (0.8)
	--

	Asnis et al.18
(fixed dose)
	(ER 40Mg/day)*
	36.0 (4.1)
	-14.8 (1.0)
	-3.2 (-5.9,  -0.5)

	
	(ER 80Mg/day)*
	36.1 (3.9)
	-15.6 (1.0)
	-4.6 (-6.7, -1.3)

	
	(ER 120Mg/day)*
	36.0 (3.9)
	-16.5 (1.0)
	-4.9 (-7.6, -2.1)

	
	Placebo
	35.6 (4.5)
	-11.6 (1.0)
	--

	Samburnaris et al.19
(flexible dose)
	(ER 40-120Mg/day)*
	35.0 (3.6)
	-15.3 (0.8)
	-3.1 (-5.3, -0.9)

	
	Placebo
	35.2 (3.8)
	-12.2 (0.8)
	--

	Gommoll et al.20
(flexible dose)
	Flexible dose (not defined)
	Not reported
	-15.7 (0.9)
	-1.5 (-4.02, 1.05)

	
	Placebo
	Not reported
	-14.2 (0.9)
	


For further details on the efficacy results of the clinical trials, refer to Appendix:  Clinical Trials (page 14).

Adverse Events (Safety Data)1,17-20
Common Adverse Events:
The most commonly observed adverse events in levomilnacipran treated MDD patients in phase III placebo-controlled studies (incidence ≥ 5% and at least twice the rate of placebo) were nausea, constipation, hyperhidrosis, increased heart rate, erectile dysfunction, tachycardia, vomiting, and palpitations.  Refer to Table 4 for specific details of percentages of observed adverse effects for levomilnacipran 40-120 mg/day compared to placebo in clinical trials. 
Table 4.17-19 Adverse Reactions Occurring in ≥ 2% of Levomilnacipran-treated Patients and at Least Twice the Rate of Placebo Treated Patients

	System Organ Class Preferred Term
	Placebo

(N = 1040) %
	Levomilnacipran 4-120 mg/d

(N = 1583) %

	Gastrointestinal Disorders

	Nausea
	6
	17

	Constipation
	3
	9

	Vomiting
	1
	5

	Cardiac Disorders

	Tachycardia
	2
	6

	Palpitations
	1
	5

	Reproductive and Breast Disorders

	Erectile Dysfunction
	1
	6

	Testicular Pain
	<1
	4

	Ejaculation Disorder
	<1
	5

	Vital Signs

	Heart Rate Increased
	1
	6

	Blood Pressure Increased
	1
	3

	Renal and Urinary Disorders
	
	

	Urinary Hesitation
	0
	4

	Skin and subcutaneous disorders

	Hyperhidrosis
	2
	9

	Rash
	0
	2

	Vascular Disorders

	Hot Flush
	1
	3

	Hypotension
	1
	3

	Hypertension
	1
	3

	Metabolism and Nutrition Disorders

	Decreased Appetite
	1
	3


The most commonly reported adverse events at a rate of >10 % in a 48 week open label extension study were nausea, headache, and hyperhidrosis. Similar to other SNRIs, levomilnacipran has been associated with increased blood pressure as depicted in Table 5 below.
Table 5.17-19 Blood Pressure Mean Changes, Sustained Hypertension, and Upward Shifts in Hypertensive Status
	
	Placebo
	Levomilnacipran 

40-120 mg/day

	Mean change from baseline to end of treatment, mmHg

	Systolic blood pressure (SBP)
	-0.4
	3.0

	Diastolic blood pressure (DPB)
	-0.0
	3.2

	Sustained Hypertension, % of patients

	Broad Criteria:

SPB ≥ 140mm Hg and an increase ≥ 15mm Hg OR
DPB ≥ 90 and an increase ≥ 10 mm Hg for at least three consecutive visits
	1.2
	1.8

	Strict Criteria:

SPB ≥ 140mm Hg and an increase ≥ 15mm Hg AND
DPB ≥ 90 and an increase ≥ 10 mm Hg for at least three consecutive visits
	0.1
	0.3

	Upward shifts in hypertensive status, % of patients
	7.1
	10.4


Other Adverse Events1, 17-19
The dose-dependent adverse events occurring in the controlled trials at an incidence of  > 2% are summarized in Table 6.
Table 6.17-20 Dose-Related Adverse Reactions
	System Organ Class Preferred Term
	Placebo

(N=362)

%
	Levomilnacipran

	
	
	40 mg/d

(N=366 )

%
	80 mg/d

(N= 367) 

%
	120 mg/d

(N=180 ) 

%

	Urinary hesitation
	0
	4
	5
	6

	Erectile dysfunction
	2
	6
	8
	10


Tolerability17-21
Levomilnacipran was generally well-tolerated in clinical trials. Discontinuation rate due to adverse events associated with levomilnacipran occurred in 13% of patients in one large, open-label extension study. All cause study discontinuation was similar and not significantly different in the phase III studies for levomilnacipran compared to placebo. Study discontinuation due to an adverse event was higher in the levomilnacipran group compared to placebo group in phase III trials however this did not meet significance. 
For further details on the safety results of the clinical trials, refer to Appendix:  Clinical Trials (page 14).
Deaths and Other Serious Adverse Events17-20
No deaths were reported in the levomilnacipran group in any of the trials.  In the open-label 48 week extension study, serious adverse events (SAEs) occurred in 36 (4%) of patients and resulted in study discontinuation in 13 (2%) of patients. The SAEs considered to be possibly or probably related to levomilnacipran ER occurred in 4 patients: angina pectoris/heart rate increase (N = 1), supraventricular extrasystoles/tachycardia/ventricular extrasystoles (N = 1), convulsion/encephalopathy (N = 1), and mania (N = 1).  SAEs from the phase III studies occurred at a rate of < 1%. 
Contraindications1
· Hypersensitivity to levomilnacipran, milnacipran or to any excipient in the formulation
· Use of MAOIs with levomilnacipran or MAOI use within 7 days of stopping treatment with levomilnacipran is contraindicated because of an increased risk of serotonin syndrome. Use of levomilnacipran within 14 days of discontinuing an MAOI is also contraindicated due to increased risk of serotonin syndrome. 
· Concurrent of use of levomilnacipran in a patient who is receiving active treatment with linezolid or IV methylene blue due to the risk of serotonin syndrome 

· Use of levomilnacipran in patients with uncontrolled narrow-angle glaucoma as these patients experienced increased risk of mydriasis 
Warnings and Precautions1
Suicidal Thoughts and Behaviors in Adolescents and Young Adults: 
Similar to other antidepressants, levomilnacipran has a black box warning on increased risk of suicide in the adolescent population. 
Use in patients with bipolar disorder:
Careful screening for bipolar disorder is recommended as it is believed (although not established in clinical trials) that use of antidepressants can increase the risk of switching into a mixed or manic episode. Symptoms of mania/hypomania were reported in 0.2% of levomilnacipran-treated patients and 0.2% of placebo-treated patients in clinical studies.
Serotonin syndrome:
Development of potentially life-threatening serotonin syndrome is possible with SNRIs alone, but particularly when used in combination with other serotonergic agents such as triptans, tricyclic antidepressants, fentanyl, lithium, tramadol, tryptophan, buspirone, and St. Johns wort and with drugs that impair the metabolism of serotonin such as MAOIs. 
Increased blood pressure:

Pre-existing hypertension should be controlled prior to initiating levomilnacipran. Caution should be exercised in treating patients with pre-existing hypertension, cardiovascular, or cerebrovascular conditions that might be compromised by increases in blood pressure. For patients who experience a sustained increase in blood pressure while receiving levomilnacipran discontinuation or other appropriate medical intervention should be considered.

Elevated heart rate:

Preexisting tachyarrhythmias and other cardiac disease should be treated before starting therapy with levomilnacipran. Heart rate should be measured prior to initiating treatment and periodically throughout levomilnacipran treatment. Heart rate increases in patients receiving doses of 40 mg, 80 mg and 120 mg were 7.2, 7.2, and 9.1 bpm respectively. 
Abnormal bleeding:

SNRIs have been associated with increased risk of bleeding. Bleeding events have ranged from ecchymosis, hematoma, epistaxis, and petechiae to life-threatening hemorrhages. Bleeding risk may be particularly increased with concomitant use of aspirin, nonsteroidal anti-inflammatory drugs (NSAIDS), warfarin, and other anticoagulants. 

Controlled narrow-angle glaucoma:

Patients with raised intraocular pressure or those at risk of acute narrow-angle glaucoma should use levomilnacipran with caution as SNRIs have been shown to increase the risk of mydriasis. 

Urinary hesitation or retention:
The noradrenergic effect levomilnacipran can affect urethral resistance. (See Adverse Effects)
Seizures:

Levomilnacipran should be prescribed with caution to patients with a history of a seizure disorder as these individuals were excluded from clinical trials. One case of seizure has been reported in pre-marketing clinical studies with levomilnacipran. 

Special Populations1
Pregnancy:
· Levomilnacipran is considered a pregnancy category C

· Levomilnacipran was not found to be teratogenic in studies of pregnant rats and rabbits exposed to levomilnacipran during the period of organogenesis at doses up to 8 or 16 times the maximum recommended human dose (MRHD) of 120 mg, however fetal body weights were reduced in rats, and skeletal ossification was delayed in both rats and rabbits at this dose
· Early post natal rat pup mortality was seen at a dose equivalent to 5 times the MRHD given during pregnancy and lactation; no pup mortality was seen at 1.6 times the MRHD.
· No adequate well-controlled studies exist in pregnant women. However, neonates exposed to  SSRIs and SNRIs late in the third trimester have developed complications such as respiratory distress, cyanosis, apnea, seizures, temperature instability, feeding difficulty, vomiting, hypoglycemia, hypotonia, hypertonia, hyperreflexia, tremor, jitteriness, irritability, and constant crying.  In some cases prolonged hospitalization, respiratory support, and tube feeding has been required. 

Breast Feeding:

· Studies have shown that levomilnacipran is present in the milk of lactating rats. 

· It is unknown if levomilnacipran is excreted in human breast milk. 
Pediatrics:

· The safe and effective use of levomilnacipran in patients under the age of 17 has not been established. 

Geriatrics:

· Elderly patients may have increased exposure and decreased elimination of levomilnacipran.
Renal Failure:

· Elimination of levomilnacipran is reduced in patients with renal impairment and its use is not recommended in patients with end stage renal disease.

Sentinel Events

· No data available 
Look-alike / Sound-alike (LA / SA) Error Risk Potential
As part of a Joint Commission standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from data sources, Lexi-comp, and ISMP Confused Drug Name List, the following drug names may cause LASA confusion: 
*Note: no information found in First Databank
	
	Lexi-Comp
	ISMP
	Clinical Judgment 

	levomilnacipran
	milnacipran 
	None
	milnacipran 
levetiracetam

levoleucovarin

	Fetzima®
	None 
	None 
	Fentanyl 

Femara 

Falmina


Drug Interactions1
Drug-Drug Interactions

· Levomilnacipran is metabolized by CYP3A4 and to a minor extent by CYP2C8, 2C19, 2D6, and 2J2 and has not been shown to induce or inhibit any of these enzymes
· Strong inhibitors of CYP3A4 such as clarithromycin, itraconazole, and ketoconazole result in increased exposure and thus dose adjustments of levomilnacipran 

· In vivo studies have not shown clinically meaningful change in levomilnacipran exposure when co-administered with the CYP3A4 inducers such as carbamazepine. 
· Co-administration with MAOIs is contraindicated due to the increased risk of serotonin syndrome
· Alcohol may result in accelerated drug release therefore should be avoided. 
· Use with aspirin, non-steroidal anti-inflammatory agents, warfarin, or other anticoagulants may increase the risk of bleeding events. 
· Use with other CNS-active drugs with similar mechanism of action such as SSRIs has not been established but should be used with caution due to the risk of adverse events such as serotonin syndrome. 
Drug-Lab Interactions

· No data available from clinical studies of levomilnacipran 

· Cases of serum sodium < 110 mmol/L have been reported with SSRIs and SNRIs 
· Elderly patients, volume depletion, and concomitant diuretic use may increase risk

Drug-Disease Interactions

· Vital sign changes

· The average increase in pulse between patients who received levomilnacipran ranged from 7.2 to 9.1 bpm based on doses of 40-120 mg per day. 
· A one-year open label study of levomilnacipran (doses range from 40-120 mg once daily) showed the mean change from initiation of treatment in systolic BP was 3.9 mm Hg and diastolic BP was 3.1 mm Hg. There were no dose-related changes in systolic and diastolic blood pressure observed.
Acquisition Costs
Refer to VA pricing sources for updated information.
Pharmacoeconomic Analysis25
The STEPS study reviewed the SNRIs for cost-effectiveness based on patient specific factors such as safety, tolerability, effectiveness, price, and simplicity since the effectiveness of antidepressant medications for MDD is comparable between classes and within classes of medications 

This review suggested that venlafaxine ER is the least costly per dosage unit of the SNRIs and due to the equivalent efficacy of antidepressants, should be considered first as the most cost-effective SNRI. Venlafaxine ER was suggested over IR formulation for its increased tolerability profile and simplicity of once-daily dosing. In patients at risk for QTc prolongation or with uncontrolled hypertension, duloxetine was recommended as the next most cost effective agent. Desvenlafaxine was suggested as a third-line SNRI and levomilnacipran was suggested as forth line if a patient is not a candidate for the others. Milnacipran is not FDA approved for MDD and is only available as a brand name product therefore it was not recommended for use. 
Conclusions

Levomilnacipran has demonstrated superior efficacy on measures of depression and functional improvement compared to placebo in clinical trials.  There are no head-to-head trials comparing levomilnacipran to any of the other SNRIs for MDD or for other indications that are used for other SNRIs (fibromyalgia, peripheral neuropathy, chronic musculoskeletal pain).  Levomilnacipran’s advantages are its once daily extended-release formulation, and its potential to improve motivation and energy as demonstrated by significant improvement in the MEI-SF total score in a phase III clinical study.  It has also demonstrated acceptable long term tolerability up to 48 weeks. Disadvantages are levomilnacipran’s inconsistent superiority compared to placebo as seen by non-significant separation from placebo in one flexible-dose study and non-significant relapse prevention compared to placebo in another study. It also lacks alternative formulations such as a liquid for patients who cannot swallow the extended-release capsule. 
Levomilnacipran is the fourth SNRI to be marketed in the U.S. for the treatment of major depressive disorder.  Based on the results of placebo-controlled clinical trials, levomilnacipran does not appear to offer advantages in safety or efficacy to other SNRIs including the VANF agent, venlafaxine.  Therefore, use of levomilnacipran should be limited to Veterans with MDD already being treated with levomilnacipran who have demonstrated a satisfactory therapeutic response or remission.
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Appendix:  Clinical Trials

A literature search was performed on PubMed/Medline (2005 to present) using the search terms levomilnacipran and Fetzima. The search was limited to studies performed in humans and published in English language. Reference lists of review articles and the manufacturer’s AMCP dossier were searched for relevant clinical trials. All randomized controlled trials published in peer-reviewed journals were included.

A summary of relevant clinical trials is presented in the tables below. There are four phase III randomized double-blind, placebo-controlled studies of levomilnacipran for use in MDD involving fixed and flexible dosing arms. There is one 48 week long term extension study.  In addition, an unpublished 12-week, open-label, flexible dose study assessing the prevention of relapse for levomilnacipran compared to placebo was identified in the form of an abstract for the 25th Annual US Psychiatric and Mental Health Congress. There are no studies that are designed to compare differences in efficacy measures for treatment of MDD for varying doses of levomilnacipran. No head-to-head studies were found comparing levomilnacipran to other antidepressants. In addition, no studies were found for other indications besides MDD. 
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	Study Goals
	To evaluate the efficacy, safety, and tolerability of Levomilnacipran ER compared to placebo in patients with Major Depressive Disorder (MDD).

	Methods
	Study Design 

Phase III, double-blind, placebo-controlled, fixed-dose study 
N = 568
Fixed dose levomilnacipran ER 40 mg/day (N = 188), 80 mg/day (N = 188), or placebo (N = 186) for 8 weeks

Data Analysis

Primary efficacy parameter: change in total MADRS score from baseline to week 8 using mixed-effects model for repeated measures (MMRM) analysis . 

Secondary efficacy parameters: Change in SDS  from baseline to week 8 


	Criteria
	Inclusion criteria

Aged 18-70 years, DSM-IV-TR criteria for MDD, duration of current depressive episode at least 6 weeks duration 
Exclusion criteria

Pregnant or breastfeeding women, patients considered suicide risk, DSM-IV-TR criteria for manic/hypomanic episode, schizophrenia or other psychotic disorder, obsessive-compulsive disorder

	Results

Efficacy

Safety
	Change in Measure
Placebo 

(N = 185)

Levomilnacipran ER 40 mg/d

(N =185) 

Levomilnacipran ER 80 mg/d

(N = 187)

P –value 

MADRS Score MMRM analysis

Mean ± SD 
-11.3 ± 0.77

-14.6 ± 0.79

-14.4 ± 0.79

Placebo vs 40 mg/d:  0.0027

Placebo vs 80 mg/d: 0.0043

SDS Score 

Least squares mean ± SD

-5.4 ± 0.66

-7.3 ± 0.68

-8.2 ± 0.66

Placebo vs 40 mg/d: 0.0459
Placebo vs 80 mg/d: 0.0028

Placebo

Levomilnacipran ER 40 mg/d

Levomilnacipran ER 80 mg/d

Serious adverse events (SAEs)

1/186 (0.54%)

3/188 (1.60%)

0/188 (0.00%)

Intussusception
0/186 (0.00%)

1/188 (0.53%

0/188 (0.00%)

Non-cardiac chest pain

0/186 (0.00%)

1/188 (0.53%)

0/188 (0.00%)

Facial bone fracture

1/186 (0.54%)

0/188 (0.00%)

0/188 (0.00%)

Road traffic accident

1/186 (0.54%)

0/188 (0.00%)

0/188 (0.00%)

Asthma

0/186 (0.00%) 

1/188 (0.53%)

0/188 (0.00%)

# participants effected/at risk
 

  Placebo   

  Levomilnacipran ER 40 mg   

  Levomilnacipran 80 mg   

Total, other (not including serious) adverse events   

  58/186   

  90/188   

  110/188   

Cardiac disorders   

 

 

 

Tachycardia  

  6/186 (3.23%)   

  4/188 (2.13%)   

  15/188 (7.98%)   

Gastrointestinal disorders   

 

 

 

Nausea 

  11/186 (5.91%)   

  27/188 (14.36%)   

  29/188 (15.43%)   

Dry mouth  

  7/186 (3.76%)   

  19/188 (10.11%)   

  18/188 (9.57%)   

Constipation 

  4/186 (2.15%)   

  13/188 (6.91%)   

  12/188 (6.38%)   

Diarrhea   

  10/186 (5.38%)   

  7/188 (3.72%)   

  7/188 (3.72%)   

Infections and infestations   

 

 

 

Upper respiratory tract infection

  11/186 (5.91%)   

  10/188 (5.32%)   

  8/188 (4.26%)   

Investigations   

 

 

 

Heart rate increased 

  0/186 (0.00%)   

  13/188 (6.91%)   

  11/188 (5.85%)   

Nervous system disorders   

 

 

 

Headache 

  16/186 (8.60%)   

  22/188 (11.70%)   

  25/188 (13.30%)   

Dizziness 

  1/186 (0.54%)   

  7/188 (3.72%)   

  12/188 (6.38%)   

Renal and urinary disorders   

 

 

 

Urinary hesitation  

  0/186 (0.00%)   

  6/188 (3.19%)   

  12/188 (6.38%)   

Reproductive system and breast disorders   

 

 

 

Erectile dysfunction  

  1/70 (1.43%)   

  4/71 (5.63%)   

  9/64 (14.06%)   

Testicular pain 

  0/70 (0.00%)   

  3/71 (4.23%)   

  5/64 (7.81%)   

Skin and subcutaneous tissue disorders   

 

 

 

Hyperhidrosis 

  6/186 (3.23%)   

  4/188 (2.13%)   

  15/188 (7.98%)   



	Conclusions
	Levomilnacipran demonstrated significant improvement in MADRS scores for doses of 40 mg/day and 80 mg/day at 8 weeks of treatment compared to placebo and was well-tolerated. Levomilnacipran 40 mg/day did not result in significantly improved SDS score at 8 weeks, however 80 mg/day dose did. 

	Critique
	Relatively short study duration

Strict inclusion/exclusion criteria (limits external validity)

No direct comparison of 40 mg/day to 80 mg/day on outcomes 
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	Study Goals 
	To evaluate efficacy, safety, and tolerability of levomilnacipran SR compared with placebo in outpatients with MDD

	Methods
	11-week multicenter, randomized, double-blind, placebo-controlled, parallel-group, fixed dose study

1 week placebo lead in, followed by 8 weeks double-blind randomized treatment (1:1:1:1), then 2-week double blind down-taper

N = 724; placebo (N = 170), levomilnacipran SR 40 mg (n = 181), 80 mg (N = 181) or 120 mg (N = 183)

Levomilnacipran SR initiated at 20 mg/day, then doses were increased to 40 mg/day on day 2, the 80 mg/day and 120 mg/day target doses were reached on days 5 and 8 respectively 
Data Analysis

Primary efficacy parameter: change in total MADRS score from baseline to week 8 

Secondary efficacy parameters: Change in SDS  from baseline to week 8 

Modified ITT population: randomized patients who received ≥ 1 dose of double-blind study medication and had ≥ 1 post-baseline MADRS score

	Criteria
	Inclusion criteria

Aged 18-65 years, DSM-IV-TR criteria for MDD, duration of current depressive episode at least 8 weeks duration, score of ≥ 30 on MADRS at screening and baseline, score of ≥26 on the self-rated MADRS at baseline, body mass index of ≥ 18 and ≤ 40 and negative pregnancy test 
Exclusion criteria

Significant abnormalities on physical exam, clinical laboratory tests, or ECG, pregnant or breastfeeding women, patients with major comorbid medical conditions (i.e. CNS, cardiovascular disease, etc.) patients considered suicide risk, lifetime history of manic/hypomanic episode, or DSM-IV-TR criteria for other major axis I mental disorder or substance/abuse dependence within 6 months of study initiation, history of intolerance or hypersensitivity to milnacipran or other SNRIs/SSRIs, history of intolerance to ≥ 2 antidepressants after adequate dose/duration trial, use of concomitant psychotropic agents (except eszopiclone, zolpidem, zaleplon for insomnia). 

	Results
	Levomilnacipran SR

Efficacy Parameter 

Placebo (N = 175)

40 mg/d (N = 176)

80 mg/d (N = 177)

120 mg/d (N = 176)

SDS

Total score

Baseline, mean (SEM)

LS mean change (SE)

21.5 (0.4)

-7.2 (0.74)

21.1 (0.4)

-8.6 (0.75)

21.4 (0.4)

-9.7 (0.77)*

21.3 (0.2)

-9.7 (0.78)*

Work item

Baseline, mean (SEM)

LS mean change (SE)

6.6 (0.2)

-2.2 (0.26)

6.4. (0.2)

-2.5 (0.27)

6.5 (0.2)

-3.0 (0.27)*

6.6 (0.2)

-3.1 (0.28)*

Social life item 

Baseline, mean (SEM)

LS mean change (SE)

7.8 (0.1)

-2.4 (0.27)

7.7 (0.1)

-3.2 (0.28)

7.8 (0.1)

-3.4 (0.28)**

7.7 (0.1)

-3.3 (0.29)*

Family life item 

Baseline, mean (SEM)

LS mean change (SE)

7.2 (0.1)

-2.4 (0.26)

7.0 (0.1)

-3.0 (0.26)

7.1 (0.1)

-3.1 (0.27)

7.1 (0.1)

-3.1 (0.27)*

HDRS17 total score

Baseline, mean (SEM)

LS mean change (SE)

24.6 (0.3)

-8.4 (0.67)

24.7 (0.3)

-9.6 (0.69)

24.9 (0.3)

-10.5 (0.69)

25.0 (0.3)

-10.8 (0.71)

CGI-S total score 

Baseline, mean (SEM)

LS mean change (SE)

4.9 (0.0)

-1.2 (0.11)

4.8 (0.0)

-1.6 (0.12)

4.9 (0.0)

-1.7 (0.12)**

4.9 (0.0)

-1.7 (0.12)*

CGI-I total score at wk 8 (SE)

2.8 (0.1)

2.7 (0.1)

2.5 (0.1)

2.5 (0.1)*

MADRS response rate %

29.1

36.4

37.3

41.5*

MADRS remission rate %

19.4

21.6

20.9

20.5

*= P<0.05, ** = P<0.01
Levomilnacipran SR

Placebo (N = 175)

40 mg/d (N = 176)

80 mg/d (N = 177)

120 mg/d (N = 176)

SAE, N (%)

0

2 (1.1)

1 (0.6)

0

AE leading to discontinuation, n (%)

3 (1.7)

13 (7.3)

26 (14.5)

12 (6.7)

At least 1 TEAE

63.6

75.8

82.7

76.7

Most common TEAEs (≥ 5% in any tx grp), %

Headache

Nausea

Constipation

Dry mouth

Heart rate increased

Hyperhidrosis

Dizziness

URTI

Nasopharyngitis

Palpitations

Vomiting

Insomnia

Urinary hesitation

Diarrhea

Back pain

Tachycardia

Erectile dysfunction

Ejaculation delayed 

11.4

2.3

4.0

9.7

1.7

2.3

4.5

5.7

5.7

0.6

0

4.0

0

1.7

4.0

0

2.9

0

16.3

10.7

10.7

11.2

10.1

5.1

5.6

7.9

6.2

4.5

5.6

3.9

3.9

4.5

1.1

2.2

5.4

0

20.1

21.8

10.1

6.7

6.1

13.4

9.5

6.1

5.0

6.1

5.6

6.1

3.4

3.9

5.0

6.1

2.9

5.9

15.0

12.8

12.8

15.0

9.4

5.6

7.8

2.2

3.9

4.4

3.3

3.9

6.1

3.9

3.9

1.7

9.5

0

Levomilnacipran SR

Change from baseline to end 8 wk double-blind tx

Placebo (N = 175)

40 mg/d (N = 176)

80 mg/d (N = 177)

120 mg/d (N = 176)

AST(SD)

ALT (SD)

0.5 (6.5)

1.4 (9.3)

1.6 (16.0)

2.2 (15.2)

4.4 (28.0)

5.4 (32.5)

3.4 (30.3)

1.6 (14.5)

Weight kg (SD)

0.19 (2.06)

-0.5 (1.83)

-0.77 (2.04)

-0.75 (2.06)

Pulse BPM (SD)

0.5 (8.7)

9.1 (10.5)

8.6 (12.6)

9.1 (10.6)

SBP mmHg (SD)

0.9 (10.6)

2.7 (10.4)

4.7 (10.5)

2.7 (8.9)




	Conclusions
	Levomilnacipran demonstrated significant improvement in MADRS total score compared to placebo and higher doses produced numerically greater change. Significant improvement in SDS scores compared to placebo were only seen with levomilnacipran in doses of 80 mg/day and 120 mg/day. There was only significantly higher MADRS response rates in the levomilnacipran 120 mg/day group compared to placebo. Levomilnacipran appeared to have an acceptable safety profile even at higher doses.  

	Critique
	Strict exclusion criteria limits generalizability to VA patient population
No active comparator arm 

Short trial duration 


	Citation
	Sambunaris A, Bose A, Gommoll CP, Chen C, Greenberg WM, and Sheehan DV. A phase III, double-blind, placebo-controlled, flexible-dose study of levomilnacipran extended-release in patients with major depressive disorder. J Clin Psychopharmacol. 2013;34:1-8. 

	Study Goals
	Evaluate the efficacy, safety, and tolerability of 40 to 120 mg/day of levomilnacipran ER versus placebo in adult patients with MDD

	Methods
	Study design:
Multicenter, randomized, double-blind, placebo-controlled, parallel-group, flexible-dose study

N = 442; levomilnacipran ER (N = 222), placebo (N = 220)

1 week single-blind placebo run-in period, then 8 week double-blind treatment, then 2 week double-blind down-taper period 

Randomized 1:1 to levomilnacipran ER or placebo

Levomilnacipran ER dosing: 20 mg/day days 1-2, 40 mg/day on day 3, 80 mg/day allowed by the end of week 1 or 2, 120 mg/day allowed at end of week 4 if tolerated. 

Primary Objective:

Change in MADRS from baseline to week 8

Secondary Objectives:

Change in the SDS from baseline to week 8 

Changes in HAMD17, CGI-I, and MEI-SF scales from baseline to week 8 

Adverse events judged as mild, moderate or severe and relationship to study drug

	Criteria
	Inclusion criteria:

Adults aged 18-80 years, met DSM-IV criteria for MDD, ongoing depressive episode of at least 4 weeks, score ≥ 30 on MADRS and score ≥ 26 on self-rated MADRS, negative pregnancy test, BMI between 18-40, no major medical/laboratory abnormalities

Exclusion criteria:

Axis I disorder other than MDD within 6 months of screening, history of non-response to adequate trial of at least 2 antidepressants or intolerance/hypersensitivity to milnacipran or other SNRIs/SSRIs, suicide risk (score ≥ 5 on item 10 of MADRS), use of other psychotropic medications (except eszopiclone, zaleplon, zolpidem) within 3 months of screening 

	Results
	Scale

Placebo

N

Levomilnacipran ER 40-120 mg/d

N
LSMD (95% CI)

P

MADRS

MMRM

LOCF

Baseline, mean (SD)

Change at wk 8, LS mean (SE)

Change at wk 8, LS mean (SE)

214       35.2 (3.8)

174      -12.2 (0.78)

214      -11.4 (0.76)

215            35.0 (3.6)

163           -15.3 (0.79)

215           -13.9 (0.75)

-

-3.095 (-5.25, -0.93)

-2.553 (-4.55, -0.54)

-

0.0051

0.0127

SDS total score

MMRM

LOCF

Baseline, mean (SD)

Change at wk 8, LS mean (SE)

Change at wk 8, LS mean (SE)

204       19.7 (5.2)

162        -5.4 (0.57)

190        -5.2 (0.56)

203            20.1 (5.0)

150            -8.0 (0.58)

181            -7.6 (0.57)

-

-2.632 (-4.19, -1.07)

-2.390 (-3.89, -0.88)

-

0.0010

0.0019

More levomilnacipran ER pts (41.9%) vs. placebo (29.4) met MADRS response criteria (≥ 50% decrease in score from baseline; P = 0.0083); NNT = 8

17.2% levomilnacipran ER pts vs 18.2% placebo pts achieved remission (MADRS score ≤ 10; P = 0.7255)

Additional Efficacy Measures 

Placebo

N = 214

Levomilnacipran ER 40-120 mg/d

N = 215

LSMD (95% CI)

P

HAMD17 total 

Baseline, mean (SD)

Change at wk 8, LS mean (SE)

22.9 (4.1)

-7.5 (0.5)

23.3 (4.1)

-9.6 (0.5)

-

-2.146 (-3.97, -0.69)

-

0.0038

CGI-I

CGI-S

Value at wk 8, LS mean (SE)

Baseline mean (SD)

Change at wk 8, LS mean (SE)

2.9 (0.1)

4.8 (0.7)

-1.2 (0.1)

2.6 (0.1)

4.7 (0.7)

-1.5 (0.1)

-0.207 (-0.44, 0.03)

-

-0.352 (-0.61, -0.09)

0.0881

0.0083

MEI-SF total 

Baseline, mean (SD)

Change at week 8, LS mean (SE)

30.2 (15.1)

18.3 (1.7)

29.3 (15.6)

23.4 (1.8)

-

5.048 (0.27, 9.82)

-

0.0382

AEs

Placebo (n=217), %

Levomilnacipran ER 40-120 Mg/d (n=217), %

Patients with ≥ TEAE

61.8

81.6

Nausea

3.7

21.7

Dizziness

3.2

12.9

Constipation

3.7

10.1

Tachycardia

2.8

8.3

Urinary hesitation

0

7.8

Hyperhidrosis

1.8

6.9

Insomnia

2.3

6.9

Vomiting

0.9

6.5

Hypertension

1.4

5.5

Ejaculation disorder*

0

7.8

C-SSRS: Suicidal Ideation and Behavior

N=214Ɨ

N=215Ɨ

Suicidal ideation

24.8

26.0

Suicidal behavior

0

0.5

*Based on the number of men in the safety population (placebo = 74, levomilnacipran ER = 77).
Ɨ Number of patients with C-SSRS evaluation.
Vital signs

Parameter, Unit

Placebo N = 214

Mean (SD)

Levomilnacipran 40-120 mg/d

N = 215

Mean (SD)

Supine SBP, mmHg

Baseline

Change at endpoint

120.4 (10.7)

-0.9 (10.4)

117.9 (10.8)

3.5 (10.0)

Supine DBP, mmHg

Baseline

Change at endpoint

75.6 (8.1)

-0.4 (8.0)

74.6 (7.9)

3.4 (8.3)

Supine pulse rate, bpm

Baseline

Change at endpoint

70.6 (9.4)

0.0 (9.7)

70.5 (9.1)

8.5 (10.4)

Body weight, kg 

Baseline

Change at endpoint

84.6 (18.2)

-0.0 (1.7)

84.2 (18.7)

-0.9 (1.8)



	
	

	Conclusions
	Change in total score MADRS was statistically significant in favor of levomilnacipran ER from baseline to week 8 as well as for SDS score. Levomilnacipran ER was overall well-tolerated compared to placebo and resulted in similar rates of study discontinuation. Pulse rate and blood pressure increases were greater for levomilnacipran ER compared to placebo but this is similar to the profile of other SNRIs. 

	Critique
	Strict inclusion/exclusion criteria may limit external validity 

Short study duration (8 weeks)

Lack of active comparator arm 


	Citation
	Gommoll C (Forest Laboratories). A Double-blind, Placebo-Controlled, Flexible-Dose Study of F2695 SR in Patients With Major Depressive Disorder. In: ClinicalTrials.gov [Internet]. Bethesda (MD): National Library of Medicine (US). 2000- [cited 2013 Nov 9]. Available from: http://clinicaltrials.gov/ct2/show/study/NCT00969150?term=levomilnacipran&rank=4&sect=X0125. NLM Identifier: NCT00969150   

	Study Goals
	To evaluate the efficacy, safety, and tolerability of Levomilnacipran ER versus placebo in the treatment of outpatients with major depressive disorder.

	Methods
	Study Design 

Phase III, double-blind, placebo-controlled, flexible-dose study 

N = 362

1 week single-blind placebo run-in phase followed by 8 weeks of flexible-dose treatment with levomilnacipran ER or placebo
Data Analysis

Primary efficacy parameter: change in total MADRS score from baseline to week 8 
Secondary efficacy parameters: Change in SDS  from baseline to week 8 


	Criteria
	Inclusion criteria
Aged 18-80 years, DSM-IV-TR criteria for MDD, duration of current depressive episode at least 4 weeks duration 
Exclusion criteria
Pregnant or breastfeeding women, patients considered suicide risk, DSM-IV-TR criteria for manic/hypomanic episode, schizophrenia or other psychotic disorder, obsessive-compulsive disorder

	Results
	Change in Measure
Placebo 

(N =181 )

Levomilnacipran ER 

(N =174) 

P –value 

MADRS Score
Least squares mean ± SE

-14.2 ± 0.90

-15.7 ± 0.94

0.2492 (mixed model analysis)

SDS Score 

mean ± SE

-8.2 ± 0.67

-8.8 ± 0.68

0.5625 (mixed model analysis)

Serious adverse events (SAEs)

Placebo

Levomilnacipran ER 

Chest pain

1/182 (0.55%)
0/175 (0.00%)
Blood pressure increase
1/182 (0.55%)
0/175 (0.00%)
# participants affected/at risk
  Placebo   

  Levomilnacipran ER   

Gastrointestinal disorders   

 

 

Nausea † 1 

  6/182 (3.30%)   

  30/175 (17.14%)   

Dry mouth † 1 

  11/182 (6.04%)   

  14/175 (8.00%)   

Vomiting † 1 

  1/182 (0.55%)   

  10/175 (5.71%)   

Infections and infestations   

 

 

Upper respiratory tract infection † 1 

  11/182 (6.04%)   

  6/175 (3.43%)   

Investigations   

 

 

Heart rate increased † 1 

  4/182 (2.20%)   

  9/175 (5.14%)   

Nervous system disorders   

 

 

Headache † 1 

  22/182 (12.09%)   

  28/175 (16.00%)   

Dizziness † 1 

  3/182 (1.65%)   

  11/175 (6.29%)   

Psychiatric disorders   

 

 

Insomnia † 1 

  13/182 (7.14%)   

  12/175 (6.86%)   

Reproductive system and breast disorders   

 

 

Ejaculation disorder † 1 

  0/66 (0.00%)   

  6/76 (7.89%)   

Erectile dysfunction † 1 

  1/66 (1.52%)   

  4/76 (5.26%)   

Skin and subcutaneous tissue disorders   

 

 

Hyperhidrosis † 1 

  2/182 (1.10%)   

  12/175 (6.86%)   



	Conclusions
	Flexible doses of levomilnacipran did not demonstrate significant improvement in MADRS scores or SDS scores compared to placebo over a period of 8 weeks.

	Critique
	Relatively short study duration

Unclear what range of flexible doses used, average dose, or duration on specific doses 

Strict inclusion/exclusion criteria (limits external validity) 


	Citation
	Mago R, Forero G, Greenberg WM, Gommoll C and Chen C. Safety and tolerability of levomilnacipran ER in major depressive disorder: results from an open-label, 48-week extension study 

	Study Goals
	Evaluate the longer-term safety and tolerability of levomilnacipran ER 

	Methods
	Study design:
Phase III, multicenter, open-label, flexible-dose extension study
N = 828 
Intervention:

All pts received levomilnacipran ER 20 mg days 1-2, 40 mg days 3-7, then dose could be increased weekly by 40 mg increments to maximum 120 mg/day

Dose decrease was allowed at any time if adverse events (AEs) occurred

52 week duration; 48 week open label treatment followed by down-taper up to 4  weeks

18 scheduled clinic visits and 11 interim telephone contacts q2wks 

Study Objectives:

Adverse events coded by Medical Dictionary for Regulatory Activities (MedDRA) categorized as mild, moderate, or severe by study investigators and severity of suicidal ideation based on C-SSRS evaluations 

	Criteria
	Inclusion criteria:
Completion of 8 weeks of fixed or flexible dose treatment with levomilnacipran ER or placebo and the 2-week double-blind taper period in one of three double-blind lead in Phase III studies

Exclusion criteria:

Same as in Phase III clinical studies 

	Results
	Final daily dose

Percentage of patients (N = 828)

40 mg/day

27%

80 mg/day

26%

120 mg/day

47%

Treatment emergent adverse events 

N (%)

Related to levomilnacipran ER [N (%)]

Headache

Nausea

Upper respiratory tract infection

Hyperhidrosis

Constipation

Nasopharyngitis

Dizziness

Insomnia

Tachycardia

Dry mouth

Heart rate increased

Hypertension

Back pain

Erectile dysfunction

Blood pressure increased 

183 (22.22)
134 (16.2)

109 (13.2)

90 (10.9)

79 (9.6)

70 (8.5)

67 (8.1)

66 (8.0)

65 (7.9)

59 (7.2)

55 (6.7) 

53 (6.4)

46 (5.6)

16 (5.6)

44 (5.3)

116 (14.1)
100 (12.1)

1 (0.1)

86 (10.4)

61 (7.4)

2 (0.2) 

54 (6.5)

47 (5.7)

63 (7.6)

54 (6.5)

53 (6.4)

35 (4.2)

3 (0.4)

15 (5.2)

37 (4.5) 

% completed open label treatment 
384 (46.5%)

Most common reason for discontinuation:

Withdrawal of consent: 

118 (14.3%)

Adverse event 

107 (13.0%)

Lost to follow-up 

87 (10.5%)

Insufficient therapeutic response

56 (6.8%)

Suicidal ideation based on C-SSRS occurred in 22% patients

Least severe category (wish to be dead, without intent to act) most common (13%)
Suicidal behavior reported in 3 patients (0.4%); one actual attempt reported and 2 aborted attempts 

Vital sign parameter

40 mg/day 
(n = 223)

80 mg/day 
(n = 212)

120 mg/day 
(n = 387)

Pulse rate, bpm

Mean (SD)

Median (min, max)

8.0 (11.2)

8.0 (-28,47)

8.3 (12.0)

7.5 (-20,46)

10.1 (11.4)

10.0 (-17,46)

Supine systolic BP

mmHg

Mean (SD)

Median (min, max)

3.2 (11.7)

2.0 (-30,36)

4.2 (11.4)

4.0 (-26,40)

4.3 (11.7)

4.0 (-25, 42)

Supine diastolic BP

mmHg

Mean (SD)

Median (min, max)

3.2 (8.5)

2.0 (-20,28)

3.7 (8.9)

4.0 (-18,24)

3.2 (9.0)

2.0 (-17,39)



	Conclusions
	Levomilnacipran had good safety and tolerability profile. About half of patients completed this 48 week extension study and 13% discontinued the study due to AEs. Headache and nausea were the most common AEs which is similar to other antidepressants. Vital sign changes occurred early on and remained relatively stable. 

	Critique
	No placebo comparison group

Open label design, allowance to adjust dose up and down during trial 
Baseline characteristics not reported


	Citation
	Shiovitz T, Bose A, Greenberg WM, Chen C, Forero G, and Malberg J. The efficacy and safety of levomilnacipran SR in the prevention of relapse in major depressive disorder: results from a phase III clinical trial [poster]. 25th Annual US Psychiatric and Mental Health Congress; 2012 Nov 8-11; San Diego. 

	Study Goals
	To evaluate the safety and efficacy of levomilnacipran SR compared to placebo in the prevention of relapse in patients with MDD

	Methods
	Study Design 

12-week, open-label, flexible-dose (40-120 mg/day) study followed by 24-week double-blind, fixed dose (randomized 2:1 to levomilnacipran 40, 80, or 120 mg/day or placebo)
N = 345; N = 233 levomilnacipran, N = 112 placebo

Data Analysis

Primary efficacy parameter: Time to relapse of depressive episode
Secondary efficacy parameters: Differences in adverse events and study discontinuation

	Criteria
	Inclusion:
Aged 18-65 years,  DSM-IV-TR criteria for MDD, current major depressive episode ≥ 4 weeks, MADRS score ≥ 22

Exclusion:

Not specified in abstract

	Results
	76% levomilnacipran group and 82% of placebo group completed double-blind treatment
Percentage of patients who relapsed

Levomilnacipran (14%)

Placebo (22%)

HR = 0.68; 95% CI 0.4-1.17; P = 0.1651

Averse events reported in 63% levomilnacipran group and 60% of placebo group and led to discontinuation in 3.4% levomilnacipran treated patients and 2.7% of placebo treated patients

	Conclusions
	Relapse rates were not significantly different for levomilnacipran and placebo. Levomilnacipran was generally well-tolerated. 

	Critique
	Unable to fully assess as only have access to study abstract 


	Citation
	Montgomery SA, Mansuy L, Ruth, A, Bose A, Li H, and Li D. Efficacy and Safety of Levomilnacipran Sustained Release in Moderate to Severe Major Depressive Disorder:  A Randomized, Double-Blind, Placebo-Controlled, Proof-of-Concept Study. J of Clin Psychiatry. 2013 April 74(4): 363-369. 

	Study Goals
	Investigate the efficacy of a flexible-dose regimen of levomilnacipran SR (75 mg or 100 mg) compared to placebo in terms of changes MADRS, HDRS17, and SDS and also determine safety. 

	Methods
	Study Design 

10-week, randomized, double-blind, placebo-controlled, parallel-group, multicenter, flexible-dose trial 

N = 553; N = 276 levomilnacipran, N = 277 placebo

Concomitant psychotropics prohibited except limited use of hypnotics (zolpidem, zopiclone), low dose neuroleptics, or low dose anxiolytics (10-mg diazepam equivalent)

Data Analysis

Primary efficacy parameter: change in total MADRS score from baseline to week 10 used mixed-effects model for repeated measures . 

Sensitivity analysis used last-observation-carried-forward and ANCOVA model with treatment and center as main effects and baseline MADRS as covariate

Secondary efficacy parameters: Change from baseline to week 10 HAMD17 total score and SDS total/subscale scores were analyzed using the mixed-effects model for repeated measures and ANCOVA. 

CGI-I score was analyzed using the mixed-effects model for repeated measures

The Covi Anxiety Scale was measured using descriptive statistics 

Response and remission at 10 weeks were analyzed using the Cochran-Mantel-Haenszel test stratified by center

Statistical significance was determined by 2-sided tests with alpha = 0.05 

	Criteria
	Inclusion criteria

Aged 18-70 years, DSM-IV-TR criteria for MDD, duration of current depressive episode ≥ 1 month, HAMD17 score of >22 and SDS score of ≥ 10 with at least 1 subscale score ≥ 6, no clinically relevant laboratory or ECG abnormalities, and expectable form of contraception for females of childbearing age
Exclusion criteria

History of psychotic or bipolar disorder, other current psychiatric disorders (generalized anxiety disorder or personality disorder), substance abuse (preceding 6 months) or dependence (preceding 2 years), serious physical conditions such as cardiovascular disease, systemic disease, pregnancy, allergy/non-response to milnacipran, initiating or stopping psychotherapy (preceding 6 months), electroconvulsive therapy (preceding 3 months), moderate/severe suicide risk, non-response to 2 previous antidepressants of adequate dose for ≥ 4 weeks

	Results
	                                       Average Dosage

Levomilnacipran 

Placebo 

N = 189 (71.6%) 100 mg/day 

N = 219 (81.4%) maximum dosage

N = 18 (9.5%) 75 mg/day 

N = 10 (4.6%) down-titrated 

Efficacy Measures

Placebo 
(N = 276) 

Levomilnacipran SR
 (N = 276)

LSMD (95% CI)

P Value

MADRS

Baseline score, mean (SD)

Change from baseline, LS mean (SE) 

30.5 (3.7)

-14.5 (0.56)

30.9 (4.1)

-18.7 (0.56)

…

-4.2 (-5.7 to -2.6)

…

<.0001

HAMD17

Baseline score, mean (SD)

Change from baseline, LS mean (SE)

25.8 (2.6)

-11.5 (0.46)

26.2 (2.6)

-14.9 (0.45)

…

-3.4 (-4.7 to -2.2)

….

<.0001

SDS total

Baseline score, mean SD

Change from baseline, LS mean (SE)

20.82 (3.76)

-7.7 (0.44)

21.25 (3.93)

-11.1 (0.43)

…

-3.4 (-4.6 to -2.2)

…

<.0001

CGI-I score at week 10, LS mean (SE)

2.5 (0.7)

2.0 (0.07)

-0.4 (-0.6 to -0.3)

<.0001

Covi Anxiety Scale

Baseline score, mean (SD)

Change from baseline, mean (SD)

5.4 (2.0)

-1.8 (2.2)

5.6 (1.9)

-2.7 (2.4)

…

…

…

…

Response and remission

HAMD17 (≥ 50% decrease in total score), %

38.6

56.2

…

<.0001

HAMD17 remission (total score ≤ 7), %

20.6

33.3

…

.0009

CGI-I response (score = 1 or 2), %

46.2

68.0

…

<.0001



	Conclusions
	Levomilnacipran SR at doses 75-100 mg/day demonstrated significant improvement in MADRS, HAMD17, and SDS scores at 10 weeks of treatment compared to placebo and was well-tolerated. 

	Critique
	Strengths

Adequate sample size

Validated measures of depressive symptoms utilized 

Weaknesses

Strict exclusion criteria for patients with other psychiatric disorders as well as health-related issues limits external validity to VA patient population 

Allowance of low-dose hypnotic and anxiolytic medications may have impacted drop-out rate and made it more difficult to determine a drug-placebo difference 


	
	
	

	Updated version may be found at www.pbm.va.gov or https://vaww.cmopnational.va.gov/cmop/PBM/default.aspx 
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